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Because this Manual represents a new kind of paper technolowy based on

the synthesis of the time-honored techniques ot handmade paper

wit. the applicable know-how of mass production --

YOU SHGULD PERHAPS CHECK AGAIN

even though you may have considered papermaking as a small-scale

industry earlier and found it not feasible -- .
3

IF YOUR PROBLEM WAS:

LACK OF SKILLED MANPOWER (this Manual has a device which may eliminate
the need for special skill in your country)

LACK OF RAW MATERIALS (this Manual has a substantial list of possible
new fiber sources to check for your country)

A LIMITED WATER SUPPLY (this Manual suggests how some kinds of paper
can be made with very limited water)

A PAPER MILL ALREADY SUPPLIES STANDARD PAPERS (this Marnual suggests many
paper products and specialty papers that are
useful and may provide continuing employment)

A PRIORITY NEED FOR OTHER INDUSTRIES (*.1: Manual suggests how paper-
making fits in closely as a part of other indus-
tries in a practical way and helps the entire

economy )

A POLICY 71D CONCENTRATE ON CENTRAL-FACTLITIES INDUSTRY (this Manual sug-
gests that papermaking use this approach)

A DESIRE TO STIMULATE ONLY PERMANENT INDUSTRIES (this Manual suggests
the manuracture of a wide range of products of
lasting importance to the economy)

H-6UIDE FOR SPECIAL PECPLE -



THIS MANUAL 3AS SPECIFIC INFORMATION FOR YOU
IF YOU ARE A --

GOVERNMENT OFFICIAL interested i{n improving

your country's paper supply. See:

Pages 1-23, 127-146, 161-212

GOV:RNMENT OFFICIAL interested in advancing

a brvad industry program. See:

Pages 7-9, 127-158, 182-197, 204-205

H

INSTITUTE OFFICIAL considering papermaking

as an Insclitute function. See:

Pages 1-10, 198-210C

AGRICULTURAL LEADER looking for & way to use residues,

or workers in off-sesson periods. See:

Pages 9-10, 27-57

-

CO~-OPERATIVE LEADER studying the possibility of

papermaking &s a co-operative industry. See:
Pages 11-23, 198-210
.

FORESTRY INDUSTRY LEADER lookiny for ways to

expand your activities, See:

Pages 7-8, 16-23, 58-64, 76-77, 161-181, 204-205%5
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CHAPTER 1

The Impact of a Small-Scale Papermaking Industry

To make really high quality paper requires very great skill and
trcuble indeed. And to mass-produce paper takes milllions of doi'ars and
a substantial technical knowledge and resources.

Nevertheless, it is a lot easier--and a lot cheaper--to make some
kind of usable paper than perhaps many people think. And of the 90 nations
and territories in the world, 70 of them do produze paper or paper board
of some kind in at least small amounts.

In the underdeveloped areas of the world, where both paper and
money are scarce, it may be well worth exploring the various simplified
ways in which paper may be made econcmically--especially because of recent
technological advances which may change & previous decision not to under-
take or expand a papermaking industry. Even if there should happen to be
a local mechanized paper mill, a small-scale paper industry is also worth
looking at. This is because of the special papers which may result and
because of the way the making of such papers may be tied in with the making
of many ather products which the industry and the people of the arza need.
New chemicals and processes make more of these possible for an underdevel-
oped area, than may be imagined.

COMBINATIONS OF TRADITIONAL AND NEW PRINCIPLES

This Manual suggests many applications of medern technology to
small-scale pulp and papermaking, combining old and new principles for
both hand and semi-mechanized operations. One particular example is the
description of a new, very simple and inexpensive '"paper box" that takes
away the need for special skill in the forming of a sheet of paper by hand.
With this device, the technical authorities in a country may work out the
recommended fibers and treatment which are best under the circumstances,
and the actual paper-making process may be introduced into the home for
cottage industry with a minimum of training and with almost no capital out-
lay required. It is possible that in some areas the *'paper box'" can be-
come as much a tradition in homes ae the handloom. Similarly other new
techniques of papermaking may become part of a country's skilis.



And because this {s an industry which can be based on warcte materi-
als or agricultural resldues, using off-season labor, it offers a country
almost “something for nothing.” A multi-million-dellar paper mill may not
be available to an area to produce the paper which the people need Lf they
are to develop and progress »Hward their goal of self-improvement. But
the people themselves, by the cumulative effect of cottage inocustry pro-
duction, may accomplish at least some of the same result as the paper mitll.
They can do this if the government cificials, the engineers and the other
leaders involved will in fact take the leagerzhip.

SHORTAGE OF LOCALLY-PRODUCED PAPER DELAYS A COUNTRY'S 2PROGRESS

Paper 1s a civilized material which has resulted from the contri-
butions of peoples around the world. It belongs to all of them jointly,
with the great benefits of communicatlon and convenience and service it
makes possible--because it has been developed by joint efforts.

The Chinese invented paper. The Koreans and Japanese developed it
to a fine hand srt. The Arabs first used rag paper and tntroduced it to
the West. The West developed the wood pulps and the highly-complex tech-
nology which made mass production of paper possibles And through all
these combined efforts, the servant Paper is now available to help all
the peoples of the world insure thelr freedom and impreve their way of
life. Where a shcrtage of paper hampers this effort, those in charge have
the responsibility of developing an adequate supply.

The effect of a paper shortage has been described by the Foo. and
Agricultural Organization (FAD):

# ., . . the effects may pass almost unnoticed; somewhat fewer books
(are] nrinted and fewer newspapers read than might have been; schools
economi ze more in their use of stationery; packaging standards [ doj
not achieve quite the same hygienic level. There [1s] no crisis;

but there [is] a steady, if hardly perceptible, brake on progress.®

FAD concludes that:

" ., . « in any region or country, so long as a substantial propor-
tion of pulp and paper supplies is imported, consumption is not
likely to expand as rapidly as it would if there were ready access
to domestically produced pulp and paper. The available historical
data concerning production, consumption and trade in the less de-
veloped regions amply confirm this conclusion.

" . . s In the longer term, unless efforts are made to encourage
a more rapid expansion of domestic production, lack of udequate
supplies of paper may hamper educational and cuitural progress and

economic advance.”
- 2 -



The problem may be summarized by one set of {igures: almost halt
of tne 90 nations and territories ir the world (41, to ve exact) cach
consume less than i0 pounds of paper a year, per capita. The United States
per capita consumption is 432 pounds a year.

Just how a particular country should go about increasing tts demestic
supply is a question bevend the scope of the Manual to answer in Jetail.
What this Manual can and does do, in this connection, is Lo describe the
varlous considerations which should be taken i1nto account in answering the
question, particularly in relatiun to the establishment »r expansion »f
papermaking as a small-scrl: oxr cottage industry. The appearance of this
Manual is no endorsemerc of the practicality of a paper industry in any
given locality, nor rcle guarantee of {ts oconomic ‘easibilicv., 1t is in-
tended simply t» -uggest and explain the various elements which should be
investigated to Jd::ermine whether lecal conditions do in fact make such an
industry program locaily advisable. Specifically, it introduces new evi-
dence for an industyy that may cnce have been studied and wetoed: it may
be that a combination of indigenous and Western technologies mav represent
a4 new avenue of economic improvement.

WHERE MASS PRODUCTION IS NOT EVERYTHING, PAPERMAKING CAN BE DONE MORE SIMPLY

The paper industry involves a major technology, of course. There
are whole librarics of books and professional articles; many thousands o.
scientists and englineers are engaged in researching the field and experi-
menting with processes and equipment; new findings and new technlques are
constantly being introduced; special chemicals and careful blends of fibers
are the rule rather than the exception in many papermaking planrts. Cheap,
unlimited fresh water is essential. For good reason, papermaking is con-
sidered an intricate, heavily capitalized industrv, with specialized re-
quirements.

Yet this ls not the important fact, ir. 'a country which may not be
able to sustain a papermaking industry on the highly technical level.
Paper can also be made simply and cheaply, for many puiposes. Because
airplanes, ratlroads and powerfu! automobiles can speed people Irom point
to poeint, should it be said that it is no longer possible or uvseful to
walk? Similarly, it need rot be thought rhat a papermaking industry, on
a cottage scale, is either impossible or not usetul!, It is certainly
possible to develop papermaking as a small-scale or cottdage industry; it
may also prove quite worthwhile.

The reason that papermaking is such a highly-skilled, expensive
and difficult production problem in America and Europe is that :he indus-
try there is intended to serve mass production of paper products {(such as
printing and packaging) which require high-speed hand)ing through intri-
cate machinery, and which mist meet 2xacting standards, without causing
any trouble in production. If a country’s need for paper is not that
demanding, then the problem becomes much simpler. For slower, simpler
machinery or for iand use, it is possible to make adequate paper with
much less trouble and expense, and with no more water than most other

- 3 -



industries. Such paper may serve well enough for writing or calligraphy,
and for letterpress printing on small hand-operated equipment that takes
cut sheets, It may do also for wrapping paper and for bags., And it may
e the basis for other products, such as sandpaper or roofing paper,
which need paper as a '"raw material."

It is certainly true that some countries have natural resources
whicn make them particularly able to have papermaking industries. For In-
stance, the northern and northwestern parts of the United States, with an
abundance of conitfer f{orests and clear water in unpopulated areas, are
ideal for mass-production of paper. Japan, wich an especially sultable
mulberry fiber, does exceedingly well by handmade paper.

3ut this is by no means the whole story. Just as importanc is the
desire to have paper; and with enough interest and effort, all but a very
few countries can have papermaking industries. This perhaps could not
have been said a few years agn; but today, experiments have shown ways to
make paper from a great range of fibers, from tropical hardwoods to
residue straw. There is nc fate that dooms any country to be without
papermaking facilities, in most cases; almost any area may achieve this
goal 1f onlv the leaders really wani to go to work on 1it,

Actually, paper can be made at any level, from a school child
without any skill at all making a simple sheet, through many lntervening
levels of hand skill and machinery, up to the multi-million dollar in-
stallations,

Also, as it happens, papermsking consists of several quite
distinct steps ~2ry diiferent from ecach other. These can be done at
different levels of skill and technique (even though they usually are
not) .

In addition, because different raw materials and different pro-
cesses can be used, a varlety of papers and paper products can result,
There is thus choice as to what should be done, based on the result
desired.

There can be, therefore, any combination of (1) levels of opera-
tion, (2) types of fibers which may be available, and (3) suitable pro-
cesgses--all to be selected and combined to best meet the locul situation.
This Manual i{ncludes a guide to the various possibilities, although in any
given area, technical people on the scene must determine what is possible
and desirable in the local situation, and proceed on that basis.

While "small-scale®” and "cottage! industry are not necessarily
synonymous, and while "semi-mechanized industry* definitely involves a
more mechanized level of activity than "cottage industry,'" the tenns
are used more or less interchangeably in this Manual (except where the
specific meaning 1equires the particular level to be tdentified). This
int2rchangeability is necessary because the Manual is actually discuss-
ing papermaking on all three levels simultaneously, leaving it to the
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reader to decide the level appropriate to his own country. In the same
way, there is no real way to distinguish between the starting of a new
program in papermaking and the expansion or improvement of an existing
industry; again, the range of possibilities is set forth, with the reader
free to adapt any of the material which may serve his needs.

MANY ADVANTAGES TO UNTERDEVELOPED AREAS IN SMALL-SCALE PAPERMAKING INDUSTRY

Paper can be made almost anywhere, but it sometimes may not be
worth the cost. The problem, therefore, is to establish the purposes and
advantages of papermaking as a small-scale or cottage industry, and deter-
mine whether they outweigh the costs,

These are some of the possible advantages:

l. In some particular cases where paper is in short supply and
where almost any kind of paper will be better than nothing, the program
can at least meet a direct need.

2. It requires no untrainable skills, power supply or large
capitalization (at least in its simpler units). It is an industry which
can put people to work full time, quickly and usefully, operating simple
locally-made equipment.

3. Mot only can it make use of surplus men--who are eating anyhow
and whose preductive contribution need not necessarily be figured on an
absolute economic basis--but it does this on a relatively low per capita
cost, on a production basis, per ton of output, versus machine-made paper.
Also, this is probably a cheaper way to make jobs for them than in many
other industries, figuring the total capital investment required to aliow
them to produce. .

4. Where there is an abundance of skilled unemployed labor, this
industry can improve thelr position by letting them develop the manufacture
of paper products, art papers and convertingepapers that wili mean a per-
manent place in the economy.

5. Where there are wastes and agricultural residues not being used,
and where there are agricultural werkers who need productive work during
off-seasons, the program {s especially useful.

6. Even where imported paper may be cheaper than can be made in-
ternally, there are often reasons why it is not imported--pclitical
questions, foreign exchange deficits, import restrictions. Rather than
make the economy suffer from a shortage of paper, it might be worthwhile
to make paper locally even if the cost does involve a temporary financial
loss on the paper as such. The total economy might thus profit from
paying a subsidy for paper.



7. Some kinds of crucially-needed paper, such as newsprint, proba-
bly cannot be made by small-scale or cottage industry on an economically-
sound basis. However, if the industry can make other needed kinds of paper- -
such as writing paper and the paper for converting intoc other products--the
result will be the release of more foreign exchange for the purchase of news:
print,

8. A small-scale or cottage Industry may allow experimentling tith
new fibers and tc some extent with new processes at a relatively small cost.
Because most papermnaking research in the technologically advanced areas is
based on the needs of mass-produced paper, there may well be whole segments
of potentiality that do not get adequate researching--and which may con-
tain real advantages for local use in the underdeveloped areas.

9, It 1is altogether possible, with such devices as the "paper box,"
that remarkable technical advances might be made indigenously to meet local
conditions and materials, once the industry is started.

10. Experience in handmade paper may be expected to lead to the
interest and know-how in some entrepreneurs intu moving up increasingly
into machine papermaking--all the more because it is possible to increase
mechanization, gquantity and quality by stages and by levels, at least on
the pulping and stock-preparation levels. This is, therefore, probably a
good way to build the economic basis for a more substantial papermaking
industry,

11. The development of a small-scale or cottage pulp and paper in-
dustry may, of course, be a substantial ald in developing the technological
basis for a more substantial papermaking industry. It achieves a knowledge
of fibers, of paper cualities, of equiprent; it builds a tradition and trains
a generation, upon which a succeeding generation may come into its own on
a higher technological level. (Against this must be weighed the possible
advantages of a higher subsidy and greater effort to achieve a higher level
of paper technology at the outset, to leapfrog early steps along the way.)

12. Small-scale papermaking offers planners an industry which is
meterial-saving oriented, but which can become labor-saving oriented as
conditions change; it provides an opportunity to meet irmediate objectives
without a commitment that can be a handicap later,

13. Because paper is the raw material of industries making paper
products, and because modern technoulogy has made possible a remarkable
assortment of paper products which can substitute simply and cheaply for
more expensive materials, the development of a paper product industry as
a specialized form of papermaking may have substantial advantages to the
economy and to industrial development. Many of these products can b- made
by a small-scale or cottage industry.

l4. while handmade paper may be judged and operated simply as a
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utjlitarian program, on economic considerations, it may also serve as an
art program. Paper production can:

le¢ become an art form
2. be a medium for other arts
3. stimulate other arts

4. be the incentive for inventing new arts (such as
puppets, mobiles, papier-mache’, laxinates)

It may also have religious uses, as in China and Japarn.

15, Papermaking generally allows a Yyes™ answer toc these questions
on the establishment of a small-scale or cottage industry: Does it praom-
ise the economic well-being of independent craftsmen? Does it allow for
private initiativei Does it require or permit or encourage individual
creativeness?

16, In addition, :here is an intangible which nevertheless ought
to be considered by a leader who is sincerely interested in improving
communication within his area. When people take pride in a thing, they
use it more; they will use naper more for knowing it {s their own manu-
facture. As a result, writing, reporting, reading, news dissemination,
printing--all the factors which make people understand and work with each
other to develop their soclety--will be advanced thereby.

17. Specifically, it may well spur the literacy program, by a
two-part effect: (1) increasing the amount of paper available for the
program, to develop the reading material needed by the new literates and
(2) making the new literacy appreciated and valued all the more highly
because of the local effort and pride that goes into making the magic
paper on which the reading matter appears.

18. For all the reasons that literacy is desired and communication
is developed, the papermaking industry can make a substantial contribu-
tion to a key element in economic improvement: an increase in producti-
vity in industry as a whole.

STIMULATION OF SMALL-SCALE PAPERMAKING INDUSTRY MAY BENEFIT OTHER INDUSTRIES

The possibility of introducing or expanding a small-scale paper
industry might well reopen a number of other questions, or raise new
ones, in connection with other industries as well. Among these are:

Timber industry -=- It is possible that this industry i8 at a
fringe level or perhaps uneconomic because of waste, high transportation
costs for small volume of activity, etce If a pulping operation could
be tied to the timber industry--to use the present wastes, such as sawdust
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or short pleces, or to share transportation costs and thus increase vol-
ume--it might make both the lumber and pulping operations teasible econom-
ically, whereas neither one might be so, separately. It should be parti-
cularly noted that increasingly there are new processes being developed
for utilizing different trees for pulp. Earlier decisions on the value of
forest resources--especially tropical hardwoods--should be re-examined.

Construction industry -- Paper 1s the basis for many items which
the construction industry uses. In Japan, for instance, naper is a signi-
ficant material in a variety of vses., If papermaking units could produce
materials for construction purposcs, and if the construction industry were
tied in with both a lumbering and pulping industry, again the merger of
interests might make each one stronger economically, by reducing unit costs
and by making more and better materials available.

Papermaking industry -- Where there already may be a pulp or paper-
making industry on a mechanized scale to produce newsprint and other p.int-
ing and writing papers, the advent of a papermaking cottage industry for
the making of special papers may nevertheless have advantages. Soecifi-
cally, it will provide an additional market for its pulp. And it will in-
crease the customary use of paper in the countryv, a development wvhich
ultimately and perhaps quickly creates a bijger market for the m'll pro-
ducts themselves.

Printing and publishing industry -- Obviously paper is an important
item here, and the industry can profit from the greater availability of
one of its principal materials. Specifically, a paper industry should tend
to reduce the cost of their paper. The stimulation of the printing and
publishing industry normally leads directly to the improvement of an
economy in general; therefore, stimulants to the progress of this industry
are well worth considering by officials concerned,

Textile industries -- Paper manufacture uses many of the same
fibers that are the raw materials of the textile industry. A coordination
between the two industries may lead to encouragement of some crops over
others; it may make certain crops economically {eacible because the paper-
maker can use residues or wastes. There might even~ be a central facility
for primary treatment of fibers for both textile and pulp processing, with
the fibers then going separate ways afterwards, depending upon whether
they are to be cloth or paper.

Specifically, there is generally a need for wool felts in the
papermaking process (although in some instances, as in Japan with its
tamo, felts can be eliminated). The manufacture of these felts might
supplement the wool industry (as part of the textile industry).

In addition, textiles and paper are merging into one another in the
types of products, with paper serving as a cloth substitute in many uses.
This will be discussed also under paper products industrv., The development

-8-



of "twisting paper" results in a matertai which can be spun or woven for
various purposes--perhaps as part of the textile industry.

Chemical industries -- Pulp and paper making involves certain
chemicals, such as starches and dyes, which may likewise become economi-
cally feasible for an industry if the papermaking market is added to
other potential markets. If chemical industries already exist, paper-
making adds to business.

Waste materials industry -- In countries where materials are
scarce (and even in the United States) it is often economical to collect
waste materials--such as old rags, rope and waste paper--for re-use.
These particular wastes can convert to new paper fairly easily and
economically. Cotton and linen rags in particular make excellent papers
which can command premium prices.

Water industry -- In an area which requires special purification
equipment to provide a healthful drinking supply or good water for indus-
trial purposes, the additional needs of a papermaking industry may affect
cost ratios and size requirements. Where the need for fresh water is
otherwise not great enough to justify purification equipment, the addi-
tional factor of papermaking needs may finally justify the project. The
same may be true of a dam or a reservoir, as part of a water-supply system,

Paper products industries -- The developments which may be possible
in this field and in Eacgeging are so extensive and so closely related to
papermaking that they are discussed in detsil in the next chapter,

PAPERMAKING INDUSTRY MAY ALSO HELP AGRICULTURE

It should not be taken for granteéd that fibers now In use locally--
if there is an existing papermaking tradition--are the only ones or even
the best ones to use. There are recent innovations in processes which may
make other available fibers much better, everything considered.

In the same way, it may even be that the country might study the
question of introducing new crope in terms of their value for papermaking
purposes. Between two crops which are equally suitable agriculturally
and economically for food, the fact that the residue from one of them has
extra advantages for papermaking might affect the cholice of crop selected
for planting, because it would mean extra revenue to the farmer. There
could even be crops that do well, but have not been cultivated because
they served no need; the demands of the papermaker might make the crop
economically feasible and provide a necessary raw material. (For instance,
the kozo bush thrives on the dry soil of the border of terraces in Japan;
this plant provides a most excellent fiber for handmade paper, but it
would otherwise perhaps be considered a nuisance.)

Papermaking as a cottage industry fits in well where there is an
agricultural population which has off-season time, and where there ace
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crops or agricultural residues which can be used for tne fibers., This
obviously will help sustain the agricultural industry and those who
depend upon it.

(However, papermaking can certainly be a full-time small-scale
industry and in many countries there may be a way to tie the cottage
industry worker to the industrial complex, through the industries men-
tioned here. As the mechanization of papermaking increases and the
capital invested thus increaces, the more important it becomes to keep
the equipment busy full time, to amortize the costs. Full-time employ-
ment in the industry, therefor-, should normally develop with mechani-
zation.)

MANY CONSIDERATIONS INVOLVED IN DECIDING CN PAPERMAKING INDUSTRY

While, as has just been shown, there are a great number of advan-
tages to papermaking as a small-scale orxr cottage industry, and while it
may have a beneficial effect on many other industries, it does not follow
automatically that such an industry would be a good thing for every
country. Local circumstances may make it uneconomic in that particular
area.

Pa~ermiaking is considered to have more "independent variables"
than any other industry. That is to say, there are so many different
things to take into account, and so many different factors which atfect
each other, that a simple decision as to economic feasibility is not
possible. For that reason, to get a clear understanding of consider-
ations involved, reading of the entire Manual is highly recommended for
all officials and other leaders whc may be a party to making the decision.
For instance, Part II deals in some detail with the processes involved in
papermaking and thus may be considered of special interest to engineers or
others wantingz to learn how to make paper. Nevertheless, a careful reading
of Part II by a government official will make him understand and appreciate
far better why the problem is so complex, and why he must take special care
to have all elements examined thoroughly before the decision is made.

Part III should be of direct interest to officials, other planners
and entrepreneurs, since it is concerned with (a) the actual requirements
of a small-scale papermaking industry; (b) the specific considerations,
including the economic, to take into account in deciding whether to under-
take the industry, and various ways to proceed with the programming.
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CHAPTER 2.

Feasible Kinds of Paper and Paper Products

There are literally thousands of different kinds of paper and
paper board, and paper Eroducts. of these, there are probably hundreds
which are feasible for small-scale or hand production in the underdevel-
oped areas.

Some of these products--useful to industry, business, research
laboratories and ordinary people in their private lives--are listed in the
section on colored paper in the middle of this Manual, as a convenient
reference for planning purposes.

It is a central suggestion of this Manual that a small-scale
papermaking industry can make these or other products as a distinctive

.contribution to the economy of a country, in addition to such usual grades

of paper as the market may requiree.

The word "papeir" i most languages refers to the simple product
used for writing or printing, or perhaps also wrapping. As a world pro-
blem, paper has become generally identified with '"newsprint,™ which is
of course one very specialized kind of paper for a particular purpose.
There is a growing understanding of the importance also of another product
which is basically paper but which is often distinguished from paper be-
cause it is thicker and 1s used for purposes other than those originally
assocliated with paper; this is paper "board" or '"cardboard,™ used primar-
ily for packaging.

Beyond these two general classifications, however, there are special
papers which have been developed to meet almost every conceivable need
which paper can be expected to serve (and because of inventive technology,
many a necd which paper could not.be expected to servel). Very often, all
that is required to make the ifferent product is (a) a different fiber
to start with, or (b) different beating techniques, or (c) different chemi-
cals added. From substantially the same papermaking process, quite differ-
ent products are possible, from the most porous calligraphic writing paper
to waterproof and greaseprcof artificial parchment, or from facial cleansing
tissue to roofing materials, from bulky opaque papers to thin transparent
glassine. (Chapter 11 describes many of the techniques of processing,.)

Certain kinds of paper cannot be made by small-scale papermaking
as contemplated in this Manual, and there are a few others wtich perhaps
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should not be so made in most circumstances. But the list of such papers
is ﬁﬁ;brisingly small: enamel or coated printing papers needing machine
perfection; newsprint and other continuous roll papers (such as adding
machine tapes) which should be done in a true roll as distinct from a
spliced roll and which must be made very cheaply; and cheap, standard
writing, printing, wrapping and packaging papers or boards which are avail-
able competitively from mechanized mills,

Even the latter papers of the above list can be handmade, if the
economics justify it. And in any case, the exclusion of all of these kinds
of papers still leaves a tremendous range of papers and paper products which
may well prove not only economic but most advantageous to be achieved
through local nroduction.

FOUR CLASSES OF PAPER AND PAPER PRODUCTS

To simplify the picture of what is possible, it is perhaps well to
distinguish four different classes of paper and paper products:

1. Finished paper and board, the usual papers and paper boards for
varying purposes--writing, printing, wrapping.

2. Specialty papers, such as laboratory or industrial filter
papers, for special and designated purposes, and which require certain

kinds of fibers, chemicals or treatment in the original papermaking.

3. Converting napers and boards, the "raw material® for the
making of such products as building paper for insulation, multiwall sacks,
and laminates, whieh start out much like other papers but are treated
later to add the proverties needed (e. g., asphalt is coated on paper to
make a roofing paper).

4. Paper products, an actual marketable or usable product, thought
of in terms of its use rather than the fact that it has been manufactured
from paper--such as sandpaper, boxes, envelopes. Dne group of products--
packages--open such a large and {mportant flield for the benefit of the
economy that it might well be treated as a separate industry, but much
more feasible and able to function economically if it is supported by a
local papermaking industry.

As has been noted, the papers and products in the last three of
these four classes are listed in the colored section in the center of this
Manual. These are generally products which (a) may now be costing foreign
exchange; (b) may be more expensive because they are made in separate in-
dustries on the basis of imported paper stock; (c) may not be bought be-
cause of their expense or the use of foreign exchange; (d) may be produced
out of some other more expensive material such as cloth or metal, and per-
haps more laboriously made as a result; (e) may be not used because they
are required in small, custom-made amounts and types and could not be pro-
duced locally, or (f) may not be even (onsidered as a product it is
possible to nave.
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The establishment of small-scale or cottage industries to make su-ch
products (i. 2., specialty papers, converting papers and paper products)
might serve, therzfore, to help the economy in a variety of ways:

1. Saving of foreign exchange.

2. More productive use of men and materials because paper would
substitute for more expensive items, would be more easily made, and could
be produced under one roof instead of involving a variety of transactions
between separate establishments producing at the separate levels.,

3. Because of both availability and cheaper price, allow a broader
use of materials in laboratories, industry and business--to assist those
sectors in their own development. For instance, such producers may serve
as sub-contractors of particular parts for big manufacturers.,

4., Improve the standard of living by providing the increasing
comforts and convenience that inexpensive and expendable paper products
can provide.

5. Specifically, develop an industry which can be a permanent and
increasingly useful part of the economy, without having to compete directly
with the mechanized paper mills.

In general, the papers and products which are :mnade by small-scale
industry should be governed by these conditicns:

l. The products have a small market, not justifying a major prc-
duction unit.

2. The products may even be made according to particular specifi-
cations for various custosers (e. g., a big manufacturer may sub-centract
for a particular item to be used as part of 4 particular product it
assembles or an individual may order his personal watermark in a paper).

3. Uniformity among the finished products is not too important
(e. g., no two toys need be exactly alike, but two sheets of enameled
printing paper do).

4. The products can use absorbent or unsized papers, or otherwise
save time and materials in production (e. g., paper for adding asphalt for
roofing purposes need not be bleached).

5. The quality of the product is not so demanding as to involve
uneconomic use of time, equipment and chemicals to achieve the final small
difference of perfection (e. g., ordinary paper vs. coated printing paper).

6. The product is one which logically results from the papermaking
operation without undue handling, or where he ought t»> have conirol of the
raw material, i. e., the paper. (For instance, a pavermaker can easily
go ahead and convert the paper into envelopes.)
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7. 1ltems which can profit from creativity and ingenuity in design
and production ( e. g., decorative papers, toys).

8. Iltems which are clearly worth their cost, even though they are

expendable (e. g., filter papers), as distinguished from "nice things to
have'” which may rot be as readily bought in a material-saving economy.

THE DIFFERENCES IN PAPERS

Papers differ from each other in a variety of ways, as has been
noted above. Even within the general category of "finished paper and
board," as listed, there are substantial differences. Some of them are
¢OYvious and easily noticeable--one paper is smoother than another, or
whiter, or stiffer or tougher. Other differences are harder to see.
Nevertheless, they are all important to the purposes which the different
papers are intended to serve.

The important point from a planner's position is that these diff-
erences are not acclidental or animportant. They result from materials
avallable and processes used. If the local conditions make one kind of
paper much more feasible than another kind, the logical sourse to pursue
is to determine first whether the readily-made kind of paper is market-
able, or whether extra steps should be taken to develop other more-
needed papers.

The key to understanding the possibly confusing array of different
papers lies in the phrase used above, "the purposes which the papers are
intended to serve."

If a paper is to be printed upon, it must be able to take printer's
ink without smudging or soaking through; if it is going to be printed upon
both sides, it must be relatively opaque, so that one side can be read
without interference from the other. If g paper 1s to be used for calli-
graphic writing with a brush, it requires a more absorbent quality than
a paper to be used for pen-and-ink writing. If a paper is to be used for
wrappings, it must be stronger. So, it is possible to see the character-
istics of paper as specific properties in such matters as appearance,
strength, physical structure and protective qualities.

Through long usage, some of these characteristics have been com-
bined into papers which serve certain general purposes. For instance,
writing papers must have certain properties, including smoothness,
opacity, ability to hold ink. Printing papers have a group of specific
needs, including uniformity, ability to take special ink in a special
way, and so on. Over the centurles, these different combinations have
been more or less standardized and identified as grades of paper, so
that to mention a particular grade is to refer thereby immediately to a
particular set or specific propertlies.

A list of these grades and their key properties is included in
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Part II, on technical aspects; see Page 104. 1In the same section of the

Manual, there is a list also of the specific properties which papers may

have, such as the kind of surface, ability to withstand bending, bur-tin:.
strength, porosity and color.

Each of these characteristics affects the isefulness of the vaper

"and the market--and with the exceptions noted, il the market requires or

will support the effort, a small-scale papermaking industry can almost
certainly be developed to achieve a reasonable and satisfactory version
of the kind of product needed.
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CHAPTER 3

An Introduction to the Papermaking Techniques

This Manual explains both simply and in some detail the different
ways paper can be nade and the different steps and kinds of equipment in-
volved. It is not intended ac an instruction book by which a reader can
learn enough about the craft to set up his plant and start producing.
However, it zoes into enoush detail to nresent a realistic picture of the
possibilities and problems to be taken into account in the evaluation of
whether to undertake a cottage industry program in papermaking.

In addition, because most countries have present papermaking indus-
tries at some level of activity, the Manual is designed to suggest ways
by which an existing technology can be improved--particularly in terms of
quite recent advances in knowledge and technique which may make possible
a level of papermaking which might have been out of the question previously.
By a reading of the different methods and equipment now available, officials
and technicians of a given country may take from the various alternatives
whatever combination best meets thelr needs.

It cannot be overstressed that papermaking can be as simple an
operation as desired, even though to get mass production and perfect uni-
formity of quality there are alternative processes and equipment avallable
which can make papermaking as complicated as any which modern technology
has devised.

THE BASIC PROCESS FOR MAKING PAPER

The drawings on Pages 18 and 19, showing a child's way to make paper,
offer a simplified introduction to papermaking. However, it will be clear
that there is unfortunately a grezat deal more to the commercial production
process than those simple steps. While the child will have paper, it will
not be very good paper--and of course he will have started with a lot of
his work already done for him, since he was using a raw material that al-
ready had the papermaking fiber in a semi-prepared state for him.

The chief substance in paper is cellulose, a chemical compound
(CgH1g05) which occurs almost always as a fiber in plants. Fortunately
for the papermaking process, cellulose can be separated frorn. the rest nf
the substances of the plant by mechanical or chemical means without being
harmed as a fiber. The chief unwanted s ‘bstance is .(ignin, the bonding
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agent. The first problem, therefore, i1s to separate the cellulose trom
lignin and into distinct {ibers. The secund is to prepare the {ibers 1u
such a way that thev will bond or "felt" back together into sheets of
paper.

The one characteristic that distinguishes paper trom other material:
is that the individual cellulose fibers are "{elted" back together Lo pro-
duce a sheet after being pulled apart in their natural state and lrayed.
For this reason, sheets of formed nlastic are nat paper--nor arc such
materials as papsrus, the Himalayan birch or the "rice paper" of China,
which are really very thin slices of bark or pith used in their origzinal
formation.

Because different fibers require different treatments, especially
for the making of different kinds of papers, there is no standard way of
making paper. However, in general, the following steps apply:

l. Preliminary mechanical treatment of f{iber -- Depending upon
whicn fiber it is and its condition, it may require cutting, cleaning,
washing, Zlaying, sorting or other processing to make it suitable for the
next operation.

2. Chemical treatment of fiber -- The raw material is subjected
to chemicals for a retting action or equivalent, to break the cellulose
fibers away from their natural formation in the raw material, and swre-
times to bleach the stock.

3. Rinsing -- The chemicals must be washed out of the fiber.
4. Mechanical bulping and beating -- Either by hand or by grindins

equipment, the Iibers are nammered and tflayed until they are broken into
separace {ibers and, preferably, frayed. At this point the fibers become
Wpulp." Further mechanical action breaks the fibers still more and re-
fines them; this is the '"beating."

5. Chemicals added -- For some kinds »f .aper more than others,
chemicals are added at the beating point to provide sizing (to make the
paper less porous and thus better able to hold ink on the surface); to
provide more opacity or osther qualities (as by adding a clay {iller); to
provide color f{or the paper; or to otherwise aftect tle type of paper
being made.

6. Formation of sheet -- By laying a solution of the pulp over a
screen, and forcing the fibers to bond or mesh (felt is the technical
term) while the excess water is drained away, a moist sheet of new paper
remains on the uvcreen.

7. Drying -- The moist sheet is either dried on the screen or
taken off by "™eoucning" (pronounced "koo'chinz”), after which the moilsture
is pressed out as much as possible and the sheet is dried.
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YOU Can Make
Paper Yourself

Anyone can make a sheet of paper by
following the simple directions or
these two pages. Even if ycu do not
want to make paper yourself, you can
get a general idea of the process in
its simplest form by looking at these
two paged. While production of paper
in any quantity will require much
more technology than shown here, a
child in school car make paper this
way--as a classroom project. (These
pages may be reproduced as a booklet
or film strip, or the drawings may be
used with your own words to give
other people some understanding of
the factors involved in papermaking.)

STEP 4 -- Stir the "shlurry"” in the tub
encugh tc make sure that the fihers
are well mixed. Then dip the mould
.nto the tub, turning it under water
so it is horizontal. Lift it out of
the water, still horizertal, catching
the "slorry'" on the screen inside the
deckle. Give it a small jerk while
keeping the screen still level, and
the fibers will "felt'" better and make
the paper stronger.

<<= 1O
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STEP 1
wo or

-- Cut old rags into pieces
three inches square. Put them
into a slighktly rough-surfaced bowl
with a little water, and beat the rags
until they bec-me separate, frayed
fibers. To test, put a small amount
of fibers in a glass of water. If
there are no lumps when the pulp thins
out, the beating is completed. Waste
paper or any raw fiber (discussed in
this Manual) can be used.

p "~
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STEP 5 -- Hold the mould flat untijl
the water drains, leaving a formed
sheet on the screer.. Then take off
the deckle, and turn the mould upside
down on a piece of clotn felt. With
care, peel off or "couch" the sheet.
You then have the mould free to make
anot er plece of paper. If you wish,
you may leave the sheet ~n the mould
until it is completely cry. On most
screens, it will peel off easiiy then.
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STEP 2 -- Put the pulp into a larger
bowl or tub with enough water to make
a "slurry" about as thick as cream.
If you have chemicals to add--starch
or other "size"™ to make the paper
take ink better, or a dye to give the
paper color--dump in the right amount
(which you discover by research, or
in other words, by trying). But you
can make some kinds of paper without
adding any chemicals.

STEP 6 -- It you peel off the sheet
when wet, cover it with another felt,
and then make and add new sheets the
same way. After there are several
sheets, the pile should be put under
a press of some kind to squeeze out
as rmuch water as possible. If the
sheets are then separated from the
felts and pressed agai. (different
sheets being put on top each time)
the surfaces will get smoothear.

STEP 3 -- Take your "mould" or screc:
to dip into the pulp. The mould i-
wooden frame with a screen fastened
top of it; the screen is woven meta)
wire (but not iren), or woven fiber .,
even a coarse cloth. On top of the
screen is another frame which can be
lifted off; this frame is like a fen:.-
around the screen, about two inches

high. This top frame is called a
deckle.

STEP 7 -- After the sheets are
pressed, they will be strong enough
to be lifted up. They can be hung
over a pole or line to dry, or they
can be laid out flat. If three or
four sheets are dried frogether, they
will not curl as much. Then you wili
have paper--not as good as if you did
a lot of special things to it, and
had more skill--but it will be real
handmade paper.
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8. Si.lng and coating -- The dried sheet may “e dipoed into a vat
of size or otherwise treated to give its surface desirable qualities.

9, Finishing -- The sheet »f paper may be polished or glazed by
hand, or pressed through rollers (called a calender) to achieve a desired
smoothness of surface.

10. Trimming -- The paper is finally cut into desired sizes of
sheets.

There are thundreds, if not thousands, of refinements in tite major
steps described above--depending upon the particular fiber, the kind of
paper desired, the volume of production involved, the <ind of machinery,
the chemicals available, the climate, and many other f{actors. As has teen
said, there are wmore independent variables in paper--more different nazeri-
als, methods, qualities desired, and results obtainable--than in any « ther
kind of manufacture. Even in the more narrowly-limited technology of hand-
made paper, there still are as many varying techniques as there are |1inds
of fibers used and papers made.

In Part 1I, the 10 stens enumerated above will be discussed in more
detail in terms of actual »ractice--not only in such countries as Japan
and India, where paper is now being made by cottage industry, but also in
the United States, in terms of processes which may be applicable to small-
scale industry. It will be understood that by no means all of the differ-
ent processes described under each step are actually undertaken by any one
producer; quite the contrary, he may perform only one of the operations
described under each step, depending (again) or his f{iber, tne paper
desired, and the level of his technclogy.

TECHNOLOGIES MAY BE COMBINED

In all of the apparent differences of the levels of technology,
it is important to remember one very nelpful fact about papermaking--the
crudest processes in one step may Ve combined with the most advanced
technique in another step. It is possible to have a pulping operation
which is anywhere cn a wide scale, from (a) veing part of a cottage indus-
try to (b) part of a mechanized industry to (c) no induscry at all if the
importing of pulp is a feasible matter. And yet, however the pulp is
obtained, a cottage industry can exist for the actual making of the paper.

Thus, either fully-mechanized pulping operations or entirely hand
methods may produce a slurry which may then be made into a sheet of paper
by the simplest form of hand paper-lifting in the traditional vat. There
are any number of combinations inbetweer, and the practice in any one
operation can be changed whenever it is determined to be easier or better.

Readers of Part II, therefore, should not be confused by the great
variety of processes avallable. They need concern themselves only wi:h
the one or two types in each step of the operation which would seem to be
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applicable to their conditions. So long as their total operation somehow
performs each of the steps required to make and refine the nulp, fonm tie
sheet and dry it, they will have paper. There is no such thing as the ounc
“"right" way to do the job--and what is the best way in any onc case wil)l
have to be determined by experiment and tesETKE, as will be made clear 1a
this Manual.

The descriptions of both hand and mechanized processes include
those which are generally applicable. The variations in the processes be-
come quite technical, depending upon the fibers used and the end-products
desired; and research into equipment and the processes themselves is con-
stantly changing the technical details and even establishing new processes.

For these reasons, the material should not be considered as defini
tive in any way, or even substantial enough to base a plan. For these
reasons, also, no attempt is made to get reallyv technical in detail. The
descriptions do suggest the generxral scope of the nroblem, so that the
processing element can be taken into account with the other factors in
making a judgment as whether to proceed further wvith an investigation of
the feasibility of mounting a handmade paper industry.

‘

One conclusion may safely be drawn from the length and complexity
of lists of fibers and the processes: there are processes already devel-
oped for making almost any cellulose fiber iato pulp, and there is no
need for research to discover radically different processes even though
the raw material at hana wmay be unusual. A competent paper engineer,
borrowing perhaps from experience in other underdeveloped areas, can
almost certainly come up with an existing process which will serve ade-
quately. (This is not to say that there cannot be improvements in
processes to get better pulps and more fiber-per-pound from the raw
material, or to increase efficiency. Nor is it at all impossible that
a new process can be developed by experience. But this comes later, and
should not get mixed up with the problem of selecting a process for the
new small-scale papermaking industry.)

PULP AND PAPER MAKING NOT THE SAME

The term "“pulp® orizinally meant the cellulose fiber in its com-
pletely beaten state, ready to be made into paper. In the traditional
making of paper by hand, no distinction is made between a "“pulp" at an
early stage of beating and a more completely beating "pulp" at a later
stage of processing. In the advanced paper technologies, however, the
distinction is being made increasingly. There is a growing practice of
having "pulp mills" which specialize in preparing the fiber to a certair
point only, with other milis--often even in different countries--buying
the pulp and processing it further into the material from which they
then make paper. Many investigations of papermaking in the underdeveloped
countries, and especially those by the Food and Agricvlitural Organization
(FAD), have concencrited on "pulp" and "paper" as two separate matters,
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Because cne of the suggestions of this Manual is that some cottage
industries may find it economic to buy rather than make their pulp, it will
perhaps be clearer in the Manual if the processes identified as *pulping”
are limited to those meant by the more modern usage. Pulp, then, is de-
fined as the cellulose fiber at the point when it is first reduced or
broken down to its basic structure, with extraneous elements removed as
much as possible.

When the pulp is further beaten and refined, and when chemicals are
added to it for sizing, coloring, etc., the resulting substance (while
still a pulp, in the true sense) will be referred to in this Manual as
Ystock." It is also one of the suggestions of this Manual that some areas
may find it useful to prepare the stock at some central facility, so that
a papermaker can buy a moist brick of stock, take i1t to his cottage, add
the proper amount of water, and have the ®slurry® which is put into the
papermaking vat or poured into the papex box for the actual sheet making
and final processing.

To summarize these distinctions as they will be used in this
Manual, so that later confusion may be avoided:

PULP -- The result of the pulping process, with extraneous

- substances removed and with the fiber broken down and
cleaned, but still needing further beating to be really
suitable for papermaking., Pulp may be produced in one
place and even dried into sheets for transporting to a
papermaking operation.

STOCK -- The result of the beating and stock preparation pro-

~ cesses, with the pulp beaten further and reiined, and
chemicals added as necessary, to the point of being
ready f-~r making paper.

SLURRY -- The stock with the necessary amount of water added to
make a solution or suspension, into which the mould {s
dipped and lifted for forming the sheet of paper.

PAPER LIFTING -- The process which actually forms the sheet of
paper from the slurry and deposits it (by couching) for
final processing.

PAPER FINISHING -- The processes such as drying, sizing, calen-
dering and trimming which complete the making of the
ordinary grades of paper.

PAPER CONVERTING -- The processes such as adding special chemi-
cals or laminating, which convert the ordinary type of
paper into a special-purpose paper.

PAPERMAKING -~ The term which covers all the processes listed
above, including pulping for convenience. A pulping
industry may also be referred to separately as may be
useful.
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While these distinctions may seem complicated or unnecessary at
this point, they will serve a purpose throughout the rest of this Manual.
It is suggested that the papermaking industry may wan® to standardize
these distinctions as its processes become more a mixture of the tradition-
al and new technologies.

One other term should be clarified as well: for purposes of this
Manual at least, the product resulting from the paper lifting processes
treated here is *"handmade® paper, even though a mechanical pulper or beater
might have been used, or the sheet formed in the "paper box." Inasmuch as
the sheet will almost always be distinguishable {rom machine-made paper,
this distinction may confidently be expected to hold.

“CPEN ALR
DRYING

LINING AND YASHING JICESTION

Fig. 8. SCHEMATIC FLOW DIAGRAM OF TRADITIONAL HAND-MAKING OF PAPER: (1) the
fiber is grown; (2) usable part is gathered; (3) washed, sometimes retted;

(4) dried in the sun; (5) “cooked" tn digesting vessel over fire; (6) washed
again; (7) pulp goes to beater; (8) size is added; (9) alum is added; .
(10) from beater, slurry goes to vat, is lifted onto screen as paper; (1l1) the
sheet is pressed to get water out; (12) sheet is pasted against iron wall,
heated by fire through flue system; (13) when dry, pasper is completed.
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CHAPTER 4

Papermaking Fibers

The chief raw material in the making of paper is the fiber. Fortun:
ately for the communication and material convenience of the world, nearly
any living plant can make some kind of paper, and there are enough plants
which yield good papermaking fibers to make the assertion reasonably valid
that almost every country has a source of raw materials for papermaking.

Without it being in any sense exhaustive, a list of some 377 diffe:
ent fibers is included in this Chapter as having been reportedly used for
paper of some kind somewhere in the world.

What is of more importance than mere numbers, however, is the fact
that recent technological advances in papermaking have opened the way to
efficient usage of some of the most common of matertials--and that among
these materials are such wastes as straw and bagasse. In some instances,
these advances have been in large-scale technology, but one of the major
suggestions of this Manual is that the new findings may be so applicable
to local adaptation that they warrant a new examination of the whole paper-
making tradition and potentiality ‘n most countries of the world.

Conifers (softwood trees) today are used for 85 to 90 per cent of
the world®'s pulp production and cotton, waste rags and waste paper account
for much of the remaining part--but this fact has tended to overshadcws
twe very important developments:

l. Much work has been done to demonstrate that there are no real
technological reasons why hardwoods and agricultural crops (orx
more especially their residues) cannot be used satisfactorily.

2. Around the world, pulp and paper mills are going up and opera-
ting with these fibers and processes, demonstrating the truth
of the point above.

PRINCIPAL POTENTIAL FIBERS

The principal fibers (besides the ones mentioned above) which seem
to show the greatest promise today are the following:

1. Abaca’(manila), sisal, other leaf fibers -- Useful in papers
which must possess high tear resistance, such as bulk goods bags.
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2. Bagasse -- This sugarcane residue can be made into papers and
voards of a variety of grades, including fine writing and printing papers.
Practical methods of separating and using the pith have been found.

3. Bamboo -- liigh quality printing and writing papers and good
wrapping papers can be made.

4. Broadleaf trees (including eucalyptus) -- Blended with other
fibers, they are generally suitable for all papers except conventional
<raft (very strong wrapping) papers.

5. Esparto -- This Mediterranean grass i{s used for fine papers.
6. Sabai grass -- Now comprising more than 20 per cent of the

paper fibers used in India, this grass will make high quality papers.

7. Seed flax tow -- Excellent for fine papers (includiag cigarette
paper) and speclalty papers such as condenser papers.

8. Straw -- With suitable processing, this can make fine papers;
yields low-quality wrapping paper and boards by cheap processes.

In addition, perhaps as important as the knowledge of the useful-
ness of these fibers separately, is the fact that these fibers seem to
make even better papers, in many cases, when they are mixed with each
other or with conifer pulps. For instance, bagasse or straw neutral
sulphite pulps, added to kraft wood pulps produce better papers tnan krait
alone; straw processed by soda of sulphate lmproves quality papers. Abaca”
and flax pulps added to bagasse produce papers of extremely high tear
resistance.

Since the new advances are mostly in this mixing of fibers and in
the making of pulp, the techniques may be used for a small-scale industry
making handmade paper, perhaps just as well as they are used by mechanized
mills. The ways this may be done are discus:a:d at length in the remainder
of this Manual, and they suggest the possibility of a new kind of paper
technology which would remain very much indigenous to the ccuntry which
assimilated it into its existing papermaking tradition, but which would
take advantage of the new findings of large-scale technology.

Particularly, it may be possible to improve both the yield from
the fibers and the quality of the pulp on indigenons plants in a given
country, so that what was once rejected as not feasible may now be quite
worthwhile. A local research organization should be avallable to study
the possibilities and to make tests (as expla’!ed later in this Manual) or
expert assistance should be sought fiom other ources, once it is vstab-
lished that the potential for papermaking is enough to warrant such a step.
(See Appendix IV for sources of additional information.)
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PROPERTIES OF FIBERS

Among the characteristics or properties which raw mgterials have in
terms of their suitability as a fiber for papermaking are these (not in any
necessary order of importance): (1) percentage of cellulose fibers which can
be separated from the other substanc:.:

of the plant in usable form for paper-
TABLE 1: MAJOR CHARACTERLSTICS making; (2) percentage of other sub-
OF FIBROUS MATERIALS 3tances in the raw material -- lignin,
Type of Cellulose |Eage of dirt, plith, nodes, ash, etc.--which
Fiber Percentage [Pulping® affect the processing because of their
varying degrees of difficulty of re-
Straws, esparto( 50-54 l moval; (3) length of fiber; (5) drain
Rice straw 46-49 1 age properties of the fiber after it
Stalks, reeds 52-58 2 is pulped; (6) color of fibers and
Bagasse 59-62 2 susceptibility to bleaching or dyeinsg
Woody-basts (7) hardness, or ability to withstanr
a. woody stems 40-48 4 pulping action, which affects the ty,. -
b. bast fibers 70-80 3 of pulping process which must be used
Leaf fibers 70-80 3 (8) bonding or felting strength afte;
Bamboos 60-63 4 beating; (9) wall thickness of the
Conifer woode 33-62 4 fiber, which affects the denseness,
Deciduous * 54-61 4 fineness and strength of sheets; (10)
Rags 70-80 2 presence of hemicelluloses (polysac-
Waste paper 75-90 1 carides other than cellulose) which
% l= eagy; 4= hard affects ability to absorb water and

thus affects beating process and
strength characteristics of paper.
From characteristics such as these, and from the different processes used to

take advantage of them or overcome them as the case may be, the different

kinds of paper result. (The paper properties involved are discussed in Chap. 9.:

The two principal qualities of raw materials from a general planning
standpoint are (a) the cellulose content and (b) the relative ease of pulp-
ing, which is determined by many specific qualities in combination. TABLE 1,
MAJOR CHARACTERISTICS OF FIBROUS MATERIALS, above, indicates the average
variations for these two qualities. It should be borne in mind, however,
that these are subject to considerable variation because of local condi-
tions and techniques of processing.
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Check List of Fibers Suitable for Making Paper

Compiling a complete list of fibers suitable for papermaking
apparently has never been attempted, presumably because (a) in one sense
it could include nearly every kind of growing plant, (b) in practical
terms, it is difficult to judge whether the reported use of an unusual
fiber is meaningful, (c) new fibers are being tested constantly around
the world, and (d) judgments of fibers previously rejected are subject to
revision.

However, because it seems useful to present in this Manual as com-
plete a list as possible of papermaking fibers which may have potential
value to government officials and technicians in the underdeveloped areas
of the world, a compromise is being attempted, starting on the next page.

All fibers which could be found to have been mentioned by reliable
sources in connection with papermaking have been included, with abridged
notes on the processes and products involved, as appear useful, from the
original source. An authoritative recent article, '"Papermaking Fibers,"
by Irving H. Isenberg, in Economic Botany, 1956, was used as the basic
source; entries taken from this article are credited with a (1) at the
end of each. This was supplemented by an extensive searcihi through a
variety of representative published material, both old and current. Those
which had additional or different data are credited by the number in
parentheses after the entry. (The bibliography of the materials used
appears at the end of the list, with a key to the numbers.)

The result is a list which perhaps proves at least a comprehensive
starting point for those who may want to check their own countxy's fiber
resources against the world's experience. Where they find a fiber
locally available which has a history of use elsewhere, they may write
the appropriate officials for further information.

It should be noted that the kinds of paper reported as made frowm
the fiber, and the processes used, are not necessarily limiting, especi-
ally in a small-scale papermaking operation. In addition, even minor
differences in fibers (due to local growing conditions and variants of
the plant), in climate, in water, in equipment, etc., may alter results.
This table will give general clues a3 to what is possible and advisable,
but research and experimentation under local conditions may find quite
different purposes and results from those shown.
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ABACA' or MANILA FIBER (Musa textilis) -- used to make special grades.
Japan, U. 5. make lightweight sheet for stencil paper. Also
used fcr tea bags; has gone into flour sacks and similar arti-
¢i2% because it is flexible, sitrong and tough. Much of the
fiber enters paper industry from old cordage and rough textile
waste to make the so-called rope papers. One ill in Costa
Rica produces abaca’pulp and blends it with kraft waste paper
to produce nmultiwall bag paper. May be in use in Philippines.

(1) (2).

ABURA (Mitragyna macrophylla) -- soda process, makes pale brown paper
of fair strength and quality; grown in Nigerta (5).

ACACIA (Acacia negra) -- planted in quantities in Rio Grande do Sul
for tannin extracted from bark. Quality of wood is similar to
eucalyptus, with more pentosans (12).

ACUREL (Trichilia oblanceolata) -- soda process, makes rather bulky

pale brown, fairly soft opaque paper of good strength; grown in
Trinidad (5).

AFARA (Terminalia superba) -- soda process, makes fairly strong,
brown paper; grown in Nigeria (5).

AGIA, see MOTHI.

ALASI or JAVAS (Linum usitatissimum) -- used in India (6).

ALDER, EUROPEAN BLACK (Alnus glutinosa) -- probably pulped in Germany
(1).

ALDER, RED (Alnue rubra) -- pulped in Pacific Northwesterm U. S.
(1) (2).

ALGAE, FRESH-WATER GREEN (Conferva) -- most familiar species known
as Crow-silk. A book produced from this fiber in 1799 |is
still as good as when made, according to Dard Hunter. Also
known as Hair-Weed and Water-wool (9).

AIMENDRO (Coumarouna oleifera) -- tropical wood found in Panama and

ALOE, see HEMP, MALRITIUS.

ANDIROBA (Carapa guianensis and Carapa procera) -- tropical wood
found in Brazil and Surinam (5).

ANGELINO ACEITUNO (Nectandra concinna) -- found in Venezuela (5).
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PAPERMAKING FIBERS

ANGELIQUE (Dicorynia pearaensis) -- tropical wood found in Surinam
(5)

ARERE (Triplochitcn nigericum) -- soda process, makes strong, light
brown paper; Nigeria. (5).

ASH, ALPINE (Eucalyptus gigantea) -- pulped in Australia (l).

4SH, BLACK (Fraxinus nigra) -- small amounts enter mills with mixed
hardwoods in U. S. (1).

ASH, EUROPEAN (Fraxinus excelsior) -- it is not known whether this is
pulped (1).

ASH, MOUNTAIN (Eucalyptus regnans) -- pulped in Australia; used for
newsprint; only old trees (about 300 years) are satisfactory

(1) (4).
ASH, SILVERTOP (Eucalyptus sieberiana) -- (1).
ASH, WHITE {(Fraxinus americana) -- small amounts used with other hard-

wecads in U. S. also found in Canada (2) (16).

ASPEN (Populus alba) (Populus canadensis) (Populus italica, -- pulped
in central and southern Europe (1l).

(Populus nigra) -- pulped in centrol and southern Europe and
in Italy with outstanding sucress (1) (6).

(Populus tremula) -- Finland, Norway and Sweden supply pulp
from this (1).

ASPEN, QUAKING (Populus tremuloides) -- in North America, made into
groundwood, sulfite, soda. kraft and neutral sulfjte semi-
chemical pulps. When bleached and mixed with longer fibered
bleached ctock, is well adapted for book, envelope and high
grade printings (1) (16).

ASPEN, LARGETOOTH or BIGTOOTH (Populus grandidentata) -- in North
America, made into groundwood, sulfite, soda, kraft end neutral
sulfite semi-chemical pul;s. Also called paper-poplar or soft

poplar (1) (2) (9).

BABHAR GRASS, ce€2 SABAI.

BAGASFE, SUGAR CANE (Saccharum officinarum) -- used fer bleached pulp
by Pomilio method and for board and corrugated paper in Brazil,
Bleached pulp being produced in Philippines. Has also been
pulped in many other areas and by several processes. Among these
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'PAPERMAKING FIBERS -

areas are Argentina, China, Colombia, Cuba, Hawaii, India, Mexi-
co, Peru, Puerto Rico, South Africa, Taiwan and U. S. 1s used
for newsprint and fluting paper in South Africa (1) (2) (8)
(16).

BAMBOO (Bambusa arundinacea) -- pulped in limited quantities in Thail-
land (1). .

(Bambusa tulda) -- used in India (1).

(Cephalostachvum pergracile) -- (2).

(Dendrocalamus uamiltonii) (Dendrocalamus longispathes) -- pulped
in India (1).

(Ochlandra travancorica) -- Indian bamboo having longest fibers.
In India bamboos use sulfate process, although one mill uses
sulfite process (4).

(Pseudostachyum polymorphum} -- pulped in India (1).

(Teinostachyum dulloca) -- pulped in India (1).

(Thyrostachys siamensis) -- pulped in limited quantities in
Thailand (1).

RAMROO, BALKI (Bambusa balcooa) -- (1).

BAMBOO, DABA or KANTA (Bambusa arundinacea) -- one of the most commonly-
processed of bamboos (1l).

BAMBOO, MULL or MITENGA (Melocanna bambusoides) -- pulped in India and
Pakistan (1).

BAM3CO, SALIA (Dendrocalamus strictus) -- pulped in India (1).

BANANA (Musa sapientum) -- its fiber is not so long or strong as abaca’

(1).

BAOBAE TREE (Adansonia digitata) -- found i{n Tanganyika and other parts
of Africa (1). {Also being grown increasingly in other warm climate

BAR or VAD or PIMPAL (Ficus varieties) -- inner barks of young branches
used in India (8).

BARA-BARA (Diospyros guiannensis) -- soda process, gives brown paper
of good strength; from British Guiana (5).

BARAMALLI (Tabebuia species) -- soda process, paper furnished is un-
bleached, fair strength with some shive; from British Guiana (5).
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PAPERMAKING FIBERS

BARLEY (Hordeum sativum) -- straw from cultivated barley is pulped
principally in Europe (1).

BASSWOOD (Tiliz americana) -- soda pulp, found in Canada and U. S.
(16).

PO

(Tilia glabra) -- probably used in small amounts mixed withn
other hardwonds (1).

(Tilia michauxi) -- variety of white basswood, probably used in
small amounts mixed with other hardwoods (1l).

BASSWOOD, WHITE (Tilia heterophylla) -- probably used in small amounts
mixed with other hardwoods (1).

BEARGRASS (Yucca elata) -- pulped in U. S. and used for specialty
purposes (1).

BEECH (Fagus a“-“ropunicea) -- soda pulp, found ‘n Canada and U. S.
(2) (16).

BEECH, AMERICAN (Fagus grandifolia) -- small amount pulped in U. S.
(1).

BEECH, EUROPEAN (Fagus silvatica) -- used considerably for pulp in
central Europe, especially for dissolving pulp (1).

BHANG, see HEMP.
BHENDL (Hibiscus variety) -- bark of stenr is used (8).

BHENDI, RAN TURAI (Abelmoschus esculentus) -- outer bark of stem is
used; from India (8).

BIRCH (Betula alba) -- pulped in Scandanavian countries (1).
(Betula pubescens and verrucosa) -- Finland, Norway and Sweden

supply pulp tfrom this (1).

BIRCH, GRAY (Betula populifolia) -- perhaps pulped in Canada and U. S.
(1). ’

BIRCH, PAPER or WHITE (Betula papyrifera) -- principal birch species .
pulped in U. S. and Canada; cooked with mixed solution of sodium
sulfite and sodium sulfide (1) (15) (16).

BIRCH, RIVER (Betula nigra) -- perhaps pulped in U. $. and Canada (1l).

BIRCH, SWEET (Betula lenta) -- sulphite and soda pulp, pulped in U. S.
and Csnada (1) (2) (16).
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BIRCH, YELLOW (Betula lutea) -- sulphite and soda pulp, pulped in
U. S. and Canada (1) (2) (16).

BLACKGUM or BLACK TUPELO (Nyssa sylvatica) -- one of principal species
constituting major portion of pulp hardwoods in scuthern U. S.

(1) (2).

BOLS MULATRE (Pentaclethra filamentosa) -- soda process, gives pale
brown paper of good strength; found in Trinidad (5).

BOMBACACEAE (Bombax) -- small amount goes into chemical pulp in
Thailand (1).

BRAZIL NUT (Bertholletia excelsa) ~-- tropical wood found in Brazil
(5.

BRAZILIAN LOURO (Aniba cf. riparia) (Aniba duckei) (Ocotea sp.) --
tropical wood found in Brazil (5).

BUCKEYE, OHIO (Aesculus glabra) -- pulped in U. S. (1).

BUCKEYE, YELLOW (Aesculus octandra) -- pulped in U. S. (1) (2).

BULLETWOOD (Manikara bidentata) -- tropical wood found in Surinam,
British Guiana and Puertoc Rico (5).

BUL-RUSH or JUNGLI or PAN KANIS (Typha elephantina) -- whole plant
except tops used; found in India (8).

BUTTERNUT (Juglans cinerea) -- small amounts are pulped in mixture
with other central hardwoods in U. S. (1) (2).

CANDELERA (Cordia collococca) -- tropical vood, found in Venezuela (1).

CANTALA or MAGUEY (Agave cantala) -- enters paper industry as waste
from cordage industry (1l).

CARABALI (Albizzia caribaea) -- tropical wood found in Venezuela (5).

CAROA (Neoglaziovia variegata) -- one of chief sources of domestic
pulps in Latin America.. Fiber ftom leaf is pulped in Brazil and
used in lightweight papers. (l).

CASTOR BEAN (Ricinus communis) -- has been suggested as fiber source
but not yet in such service; wrapping paper from stem (1) (2).

CATALPA (Catalpa bignonoides) -- pulped with mixed hardwoods in U.S.
(1) (2).
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CATALPA, NORTHERN (Catalpa speciosa) -- pulped with mixed hardwoods
in U. S. (1) (2).

CATIVO (Prioria copaifera) -- tropical wood found in Panama (5).

CATTAIL, COMMON (Typha latifolia) -- down of tie fruit used for
insulation purposes and may possibly enter the paper industry
as a waste material; production of pulp in North Korea (1) (15).

CEDAR, ALAoKXA YELLOW (Chamaecyparis nootkatensis) -- (2).

CEDAR, INCENSE (Libocedrus decurrens) -- found on West Coast of U. S.
and Mexico; sulphite and sulphate pulps (2) (16).

CEDAR, PORT ORFORD (Cnhamaecyparis lawsoniana) -- (2).

CEDAR, RED (Cedrela fissilis) -- found in forests of Brazil (2) (13).

CEDAR, WESTERN RED (Thuja plicata) -- (2).

CEDRC BRANCO (Cedrela huberi) -- tropical wood found in Brazil (5).

CEDRO ESPINO (Bombaconsis quinata) -- tropical wood found in Honduras
(5).

CEDRO GRANADINO (Cedrela tonduzii) -- tropical wood found in Panama
(5).

CENTURY PLANT or PITA (Agave americana)-- enters paper industry as
waste from cordage industry; also used in India (1) (8).

CHAKRABHAND, MUDRA, TUTHINAR (Abutilon indica) -- outer barkdf stems
is used; found in India (8).

CHANDKUDA KARVAT, see JALKAL TREE.
CHAVAI, see PLANTAIN.

CHERRY, WILD BLACK (Prunus serotina) -- pulped occasionally by the
alkaline process and perhaps by neutral sulfite semi-chemical

(1) (2).

CHESTNUT (Castanea sativa) -- pulped especially in France and Italy
(1) (2).

CHESTNUT, AMERICAN (Castanea dentata) -- both unextracted wood and
chips which have been leached to remove tannins have been used.
This was probably the first species in commerical semi-chemical
pulps (1).
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PAPERMAKING FIBERS

CHESTNUT, COMMON HORSE (Aesculus hippocastanum) -- perhaps used in
southeastern Europe (1).

4
CHUPON (Pouteria carabobensis) -- tropical wood found in Venezuela

(5).

+

COCOANUT (Cocos nucifera) -- a fruit fiber (10).

CORN, AFRICAN (Sorghum vulgare) -- cane from this has been proposed
for pulping (l).

CORN, MAIZE or INDIAN (Zea mais) -- has been pulped for board purposes
in U, S. but apparently is no longer utilized. Corn stalks have
been found suitable for paper and board, either alcone or in
blends, but economical methods must be found for collecting,
storing, preserving and cleaning them (1) (2) (6).

COTTON, AMERICAN UPLAND (Gossypium hirsutum) -- the seed hair, both
staple and linters, of several species and varieties of cotton
has been used extensively in paper industry. Today the princi-
pal use of cotton fiber in paper industry is for rag content
bond and similar grades, although some old rags get into roof-
ing felts. Source of supply is old rags or cuttings, although
linters are being used to some extent. Several countries,
especially in Europe, make fine grades of paper from cotton
fiber, including filter paper. The bast fiber can be used, and
several investigators have experimented with pulping of the
whole stalk. It is not known whether this bast fiber is
presently being processed (1) (2) (8) (l4).

COTTONWOOD, EASTERN (Populus deltoides) -- in North America, made
into groundwood, sulfite, soda, kraft, and neutral sulfite
semi-chemical pulps (1) (2).

COTTONWOOD, NORTHERN BLACK (Populus trichocarpa hastata) -- in North
America, made into groundwood, sulfite, soda, kraft and neutral
sulfite semi-chemical pulps (1) (2).

COTTONWCOD, SWAMP (Populus heterophylla) -- in North America, made
into groundwood, sulfite, soda, kraft and neutral sulfite semi-
chemical pulps (1). .

COURHARIL (Himenaea courbaril) -- tropical wood found in Honduras,
Surinam, Puerto Rico (5).

(Hymenaea davisii) -- tropical wood found in British Guiana (5).

CROW-SILK, see ALGAE
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CUCUMBERTREE (Magnolia acuminata) -- pulped in mixture with other
hardwoods in U. S. (1) (2).

CYPRESS, BALD (Taxodium distichum) -- sulphate and sulphite pulps;
found in eastern U. S. (2) (16).

DAPHNE (Daphne cannabina) -- the bast fiber is used in Nepal in hand-
made papers; used tnere for postsge stamps. Sometimes called
Nepal paper, a very fine grade. Most of the paper used in Tibet
is made from fibers of this plant and Edgeworthia gardneri (1)
(5) (9) (11).

(Daphne involucra) -- the bast fiber is used in Nepal ia hand-
made papers (1).

(Daphne pendula)-- used for Nepal handmade papers (1l).

DETERMA (Ocotea rubra) -- tropical wood found in Surinam (5),

DHAK or PALAS (Butia frondosa) -- inner bark of yocung branches used;
grown in India (8).

ELDER, BOX (Acer negundo) -= probably pulped occasionally in mixture
with other hardwoods (1),

EIM, AMERICAN or WHITE (Ulmus americana) -- used especially as felt-
wood for manufacture of fiber roofing felt (1) (2).

ESPARTO (Lygeum spartum) -- pulped primarily in United Kingdem, but
also in France, Italy, Spain, and Algeria. Used for fine print-
ing papers in England (1) (3) (14).

(Stipa tenacissima) -- grows in southern Spain and in Algeria,
Tunisia and Morocco (1) (9) (14).

ESPAVE’(Anacardium excelsum) -- tropical wood found in Panama and
Venezuela (5).

EUCALYPTUS (Eucalyptus rostrata) -- sulphate process; grown in
Israel (15).

(Eucalyptus saligna) -- pulp produced in South Africa; soda
process, light, buff-colored sheets, slightly harsh texture,
weak; also used in Brazil (1) (5) (12).

EVERGREEN, see MAGNOLIA, SOUTHERN.

FIDDLEWOOD (Vitex gaumeri) -~ tropical wood found in British
Honduras (5).
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FIR (Abies firma) (Abies homolepis) (Abies mariesii) (Abies mayriana)

FIR,

FIR,

FIR,

FIR .

FIR,

FIR,

FLAX

(Abies sachalinensis) (Abies veitchii) -- all are pulped in
Japan; manufactured into groundwood, sulfate and sulfite pulps

(1.

ALPINE (Abies lasiocarpa) -- manufactured into groundwood, sulfite
and sulfate pulps; used in U. S. (1).

AMABILIS (Abies amabilis) -- manufactured into groundwood, sulfite
and sulfate pulps; used in U. S. (1),

BALSAM (Abies balsamea) -- manufactured into groundwoud, sulfite
and sulfate pulps; finds considerable use in eastern North Ameri-

ca (1) (2).

DOUGLAS (Pseudotsuga taxifolia) -- pulped by sulfate, sulfite
processes in U. S. and Canada (1) (2) (16).

GRAND (Ahies grandis) -- manufactured into groundwood, sulfite
and sulfate pulps; used in U. S. (1).

NOBLE (Abies procera) -- manufactured into groundwood, sulfite
and sulfate pulps; found in U, S. (1).

RED (Abies magnifica) -- marufactured into groundwood, sulfite
and sulfate pulps; found in U. S. (1).

SACRED (Abies religiosa) -- manufactured into groundwood, sul-
fite and sulfate pulpc; pulped in Mexico (1).

SILVER (Abies pectinata) -- manufactured into groundwood, sul-
fite and sulfate pulps; used in central Europe (1) (2).

WHITE (Abies concolor) -- manufactured into groundwood, sulfite
and sulfate pulps; used in U. S. (1) (2).

-- tow of seed flax straw used to produce cigarette and fine book
papers in U. S, and Canada (5).

COMMON (Linum usitatissimum) --bast fiber has been in paper-
making for centuries. This fiber in paper industry for many
years only in form of old rags or textile waste, but recently
the "straw" from linseed flax has been pulped after passing
through breaker rolls. Resulting pulp contains not only bast
fiber but shives or hurds (woody cells of stalk). The thin
papers are used primarily for cigarette tissue but also for
condenser tissue. The bast fiber alone goes into currency,
rag content bond, and other fire papers; used in France, Ger-
many, Italy, Netherlands, United Kingdom, U. S., Canar.a, and
probably other countries (1) (2).

LILY or FLAX RUSH (Dianella tasmanica) -- has broad leaves; yields
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good fiber for papermaking; found in Tasmania and Australia (9).

FLAX, NEW ZEALAND (Phormium tenax) -- called by misnomer '"New Zealand
flax'" or "hamp'"; used for textiles, rope ai'd papermaking. The
fibers are retted, teased, dried and exported unless made into
ropes by local industries in New Zealand; also pulped in Austra-
lia. The name Phormium is in France appliied to paper of the
appearance and quality of that made from New Zealand flax, though
merely consisting of jute fibers or sulphite pulp with waste
paper (1) (9).

FLOR AZUL (Vitex kuylenii) -- tropical wood found in Honduras and
Guatemala (5).

FOTUL (Jacaranda copaia) -- soda process; strong, pale brown paper,
unbleached, fair strength but nc shive; found in British Guiana
(s).

FRIJOLILLO (Pseudosamanea guachapele) -- tropical wood found in Suri-
nam (5).

GAMP1 (Wikstroemia canascens) -- used by Japanese to make handmade

sheets for nearly everything. The bast fiber is similar to that
of mitsumata but is obtained only from wild plants (1).

GANJA, see HEMP.

GEHU, see WHEAT.

GHANAS PAN, see HEMP, BOWSTRING.

GINGER, or HALAD or HARDAR (Curcuma varieties) -- grown in India (8).

GONCALO ALVES (Astronium graveolens) -- tropical wood found in Vene-
zuela (5).

GORAKH AMLI (Adansonia digitata) -- inner bark is used; grown in
India (8).

GRASS, LEMON (Cymbopogon citratus) -- after oil extraction, lemon grass
residue is pulped and formed into board #n Guatemala (1).

GRASS, SABAI (Eulaliopsis binata) -- one of primary raw materials for
paper industry in India; pulped by a soda process; makes high
quality papers (1) (4).

GRASS, ULLA (Themeda gigantea) -- pulped for strawboards in India;
also found in Australia (16).

GREENHEART (Ocotea rodieri) -- soda process, pale brown paper; found
in British Guiana (5) (13).
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GRONFOELOE (Qualea albiflora) -- tropical wood found in Surinam (5).

GUARUMO (Cecropia) -- tree found in Colombia. Because of its abundaun-

—

ce and frequent occurrence in pure stands, it should be an im-
portant factor in any pulp and paper derelopment in tropical
America (4) (13j.

GUAYABO DE MONTE (Terminalia guyanensis) -- tropical wood found in

Venezuela (5).

GUAYACAN (Tabebuia guayacan) -- tropical wood found in Honduras (5).

GUM, BLACK, see BLACKGUM

« GUM, BLUE (Eucalyptus globulus) -- pulped in Portugal, Spain, Morocce

GUM,

GUM,
GUM,

GUM,

GUM,

Gm‘( »

and Chile. Also used in manufacture of roofing felts in southern
Califormia of U.S. (1).

(Eucalyptus globulus labillardiere) -- used in Brazil and Austra-
lia; mixed with imported chemical wood pulp in one factory in Sao
Paulo; wrapping papers in India. Bleached soda pulps from
eucalypts can be used to provide up to 1007 of the furnish in the
manufacture of high-grade writing and printing papers (Australia).
Experience in Latin America has shown that bleached sulphate
pulps from eucalypts can be similarly used. In Australia and
Latin America up to 607% of unbleached eucalypt sulphate pulps are

used for making wrapping and certain types of bag paper, and up
to 307% in manufacture of multiwall bag paper. Up to 807 of
eucalypt sulphate pulp has been used in the furnish for kraft
liner boards and up to 507, in the liner furnish for lined board

(3) (9) (15).

COTTON (Nyssa aquatica) -- sulphite and sulphate pulp; found in
southeastern U. S. (16).

FOREST RED (Eucalyptus umbellata) -- used in Brazil (l).

MANNA (Eucalyptus viwminales) -- perhaps pulped in Australia (1).

RED (Liquidambar styraciflua) -- sulphite and soda; found in U.S.
(16).

RED RIVER (Eucalyptus camaldulensis) -- used in Italy (1).

SALIGNA, see EUCALYPTUS

HAIARI-BALLI (Diplotropis) -- soda process, moderatelv strong, rather

speckled, grayish-brown paper; found in Britist Guiana (5).
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HALAD, see GINGER.
HARDAR, see GINGER.

HEMLOCK (Tsuga diversifolia) (Tsuga sieboldii) -- pulped by Japanese
(1)

HEMLOCK, EASTERN (Tsuga canadensis) -- sulphite, sulphate and mechani-
cal pulps; pulped in U, S. and Canada (1) (2) (l6).

HEMLOCK, MOUNTAIN (Tsuga mertensiana) -- undoubtedly mixed with west-
ern hemlock in the mill; found in U. S. and Canada (1).

HEMIOCK, WESTERN (Tsuga heterophylla) -- most important pulping species
in Pacific Northwest region of U. S. and Canada; sulphite, sul-
phate, mechanical pulps (1) (16).

HEMP (Crotalaria juncea) -- usea in India (7)

HEMP, AMMBARI (Hibiscus cannabinus) -- bast fiber known also as kenaf;
useed in India. Also has been used in U. S. for rope paper
manufacture and possibly in other countries, entering as oid
cordage or rough textile waste (1).

HEMP, BOWSTRING (Sansevieria zeylanica) -- may enter paper industry
as cordage waste; leaf fiber is used in India (1) (8).

HEMP, COMMON (Cannabis sativa) -- bast fiber used for rope papers;
most of fiber enters industry as textile or cordage waste (1).

HEMP or GANJA or BHANG (Cannabis indica) -- practicall; same as
Cannabis sativa; grown in India (8).

HEMP, MANILA -- produced in Philippines; original source of class of
papers known as Manilas which are very desirable for wrapping
and other purposes, being very smooth, clean, soft and flexible,
taking an excellent and characteristic finish and being quite
strong. Many Manila papers today contain none of this fiber,
being clever imitations (16).

HEMP, MAURITIUS or PITEIRA or ALOE (Furcraea gigantea) -- enters
paper industry as old cordage or rough textile waste (1).

HENEQUEN (Agave fourcroydes) -- enters paper industry as waste from
cordage industry (1l).

HICKORY or PECAN (Carya sp.) -: undoubtedly enters American industry
mixed with other central hardwoods (1).

HICKORY, SHAGBARK (Carya ovata) -=- (2).
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HOG PLUM (Spondias lutea) -- soda process, strong brown paper with few
specks; from British Guiana (5).

(Spoudias mombin) -- soda process, pale grayish-brown, tough
opaque paper of good strength; Trinidad (5).

£ o~

HOLLY (Ilex ogaca) -- {Z3.

HOP VINE, COMMON (Humulus lupulus) -« bast riber has appeared in
paper in central Europe during war periods (1).

HORNBEAM (Carpinus betulinus) -- probably pulped in Germany and other
countries of central Europe (1).

HUBUBALLI (Loxopterygium sagotii) -- tropical wood found in Surinam
).

HUROWASSA (Pithecolobium trapezi.olium) -- soda process, pale brown
paper of fair strength; from British Guiana (5).

IMBAU%A (Cecropia sp.) -- used in small amount for groundwood in
Brazil; produces woodpulp with a length of fiber similar to
that of poplar and chestnut but with higher yieids than those
of broad-leaved trees more commonly used in the industry (1)
(13).

IMBUIA (Phoebe porosa) -- tree found in Brazil (13).

ITIKIBOUROBALLI -- soda process, bulky, pale brown paper of moderate
strength; found in British Guiana (5).

JAVAS, see ALASI.

JIGGER (Bravaisia floribunda) -- soda proeess, pale brown, opaque
paper of strength; found in Trinidad (5).

JUNGLI BAJRI, see BUL-RUSH.

JUCE (Corchorus capsularis) (Corchorus olitorius) -- Bast fibers of
these two Indian species furnish the jute fiber of commerce.
Jute fiber from jute butts, old sacks and bagging, and rough
textile waste has been used in certain grades of paper for many
years. One grade of board is still known as '"jute" even
though it no longer contains jute fiber. Jute fiber is weaker
than flax and hemp and is easily rotted by water; it does not
bleach but takes dyes readily; is not used for white paper.

(1) (8) (14).

JUTE, BIMLIPATAN, see HEMP, AMBARL
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KAKARALLI (Eschweilera laevifolia) -- soda process, soft brown paper
of moderate strength; found in British Guiana (5).

KAPAS, see COTTON, AMERICAN UPLAND.

KAPOK (Ceiba pentandra) -- floss of kapok enters certain grades from
waste sources (1) (2).

KARAHORA (Schefflera depressa) -- soda process, strong, pale brown
paper; found in British Guiana (5).

KAURI, QUEENSLAND (Agathis palmerstoni and microstachya) -- is pulped
by sulfite process in Brazil and northern Argentina, and for
groundwood in Brazil (1).

KAUTABALLI (Licania venosa) -- soda process, pale brown paper, soft,
rather bulky, and of poor strength; found in British Guiana (5).

KELA, see PLANTAIN.
KENAF, see HEMP, AMBERI.
KETKI, sec KEVADA.

KEVADA or KETKI (Pandanus odoratissimus) -- lesf fibers are used;
found in India (8).

KHAJAT1, see MOTHI.

KHOI (Streblus asper) -- native bark used to make handmade papers of
Thailand (7).

KORAI GANDULA, see MOTHA.

KOZ0 or PAPER MULBERRY (Broussonetia papyrifera) -- used by Japanese
to make handmade sheets. Small amounts of handmade paper made
in Vietnam, Cambodia and Laos. 1t is duplex, the layers being
of similar composition, but lower layer is thicker and harder,
both being sized with rosin, sodium silicate and alum. It is
used in China in sericulture for the silkmoths to lay their
eggs on. Dard Hunter said the finest oriental paper is made
from paper mulberry (1) (9).

KUMHIA (Careyas arborea) -- inner bark of tree used; grown in India

(8).

KURUKORURU (Diplotropis sp.) -- soda process, soft, pale brown paper
of good strength; from Britist Guiana (5).
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LARCH, EUROPEAN (Larix decidua) =-- small amounts are pulped by sulfate
process in central Europe (1) (2).

LARCH or TAMARACK (Larix laricina) -- small amounts pulped by sulfate
process; used in U. S. and Canada (1).

LARCH, WESTERN (larix occidentalis) -- small amounts pulped by sul-
fate process in U. S. and Canada (1) (2).

LAUAN WOODS -- there is talk of producing pulp from certain of the
lauan woods in the Philippines (l).

LAUREL (Cordia) -- tree found in Brazil (13).

LAUREL BLANCO (Cordia alliodora) -- tropical wood found in Honduras,
British Honduras and Nicaragua (5).

LICURICE ROOTS (Glycyrrhiza glabra) -- extracted roots have been used
in board manufacture (1).

LINEN -- linen fiber like cotton is tubular, but has thicker walls
which are jointed like a cane or rush. They are long, strong,
and flexibie and form compactly, making a strong, hard paper of
great durability (14).

LOBLOLLY-BAY (Gordonia lasianthus) -- small amounts are probabiy used
in mixture with other southern hardwoods (1l).

LONG JOHN (Triplaris surinamensis) -- soda process, light pinish-
brown paper of fair strength; from British Guiana (3).

MAGNOLIA, SOUTHERN, or CVERGREEN (Magnolia grandiflora; -- pulped in
mixture with other hardwoods in L. S. (1) (2).

MAGUEY, see CANTALA.

MAHOE (Sterculia caribaea) -- soda preccess, opaque, pale brown paper
of good strergth but with some snive; fourd in Trinidad (5).

MAHOGANY (PLANTATION GROWN) (Swietenia nacrqphylla) - tropical wood
found in Honduras (5).

MALLOW, INDIAN (Abutilon thecphrasti) -- bast fibers may enter the
paper industry from cordage or textile industries (1).

MANILA FIBER, see ABACA.

MAPLE, BIGLFAF (Acer macrophyllum) -- probably pulped occasionally
in mixture with cother hardwoods (1).
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MAPLE, BLACK (Acer nigrum) -- pulped in U, S. and probably Canada (l).

MAPLE, RED (:cer rubrum) -- pulped in 'lI, S. and probably Canada (1)
2).

MAPLE, SILVER (Acer saccharinum) -- pulped in U. S. and probably Canada
(1 (2).

MAPLE, SUGAR (Acer sacharum) -- wood of sugar maple pulped in U.S. and
probably Canada (1) (2).

MAPLE, SYCAMORE (Acer pseudoplatanus) -- probably pulped occasionally
in mixture with other hardwoods (l).

MARISHIBALI .. soda process, rather soft, pale brown paper of fair
strength; found in British Guiana (5}.

MARUL. see HEMP, BOWSTRING.

MARUPA (Simaruba amara) -- small amount for groundwood in Brazil (1l).

MASA (Tetragastrix balsamifera) -- tropical wood fourd in Puerto Rico

(5).

MESSMATE STRINGBARK (Eucalyptus obliqua) -- pulped in Australia (1).

MIWX VETCH (Astragulus) -« used in Tibez (9).

MILKWEED, COMMON (Asclepias syriaca) ~-- floss has served as a kapok
substitute and may enter paper industry as waste material. The
bast fiber from stalks has been studied and perhaps could find
use in specialties (1l).

MILKWEED, SWAMP (Asclepias incarnata) -- floss has served as a kapok
substitute and may enter paper industry as waste material. The
bast fiber from stalks has been studied and perhaps could find
use in specialties (1l).

MILLET (Panicum miliaceum) -- may be pulped in China (1).

MITSUMATA (Edzeworthia papyrifera) -- shrub is cultivated to obtain
bast fiber in Japan; Japanese use to make handmade sheets for
everything; Dard Hunter said this is one of the most important
fibers of the Orient (1).

MORA (Dimorphandra mora) -- soda process, strong, pale brown paper;
found in British Guiana (5).
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MORA AMARILLA (Chlorophora tinctoria) -- tropical wood found in Guate-
mala, Honduras, Venezuela (5).

MORABALLL (Peltogine) -- soda process, pale brown paper of fairly good
strength; found in British Guiana (5).

MOROTOTO (Didymopanax morototoni) -- small amount used for groundwood
in Brazil (1l).

MOSS, SPANISH (Tillandsia usneoides) -- used for insulation and may
find its way inadvertently as a waste into the paper industry

(L.

MOTHA (Cyperus Rotundus) -- whole green grass is used in India (8).

MOTHI (Girardinia heterophylla) -- bast fiber used in India (8).

MOUJ, see PLANTAIN.
MUDRA, see CHAKRABHAND.

MUIRA-JUBA (Apuleia molaris) -- tropical wood from Brazil (5).

MULBERRY, PAPER, see KOZO.

MUNJ GRASS (Saccharum munj) -- from India (8).

MUTHA, see MOTHA.

MYLADY (Aspidosperma cruentum) -- tropical wood found in British
Honduras (5).

NADDI -- discarded papers, used in India (7).
NAGPIJR1I, see HEMP, BOWSTRING.

NARGUSTA (Terminalia amazonia) -- tropical wood found in British
Guiana, British Honduras, Panama (5).

NEPAL PAPER, see DAPHNE.

NETTLE, COMMON STINGING (Urtica dioica) -- probably entered the rope
paper industry as used cordage or fish nets, in Europe (1l).

OAK (Quercus robur) -- pulped in France (l).

OAK, CHESTNUT or ROCK (Quercus montana) =-- pulped in U. S. (l).

OAK, NORTHERN RED (Quercus borealis) -- (2).

QAK, WHITE (Quercus alba) =-- difficult to pulp and bleach; found in
Canada and U. S. (2) (16).
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OAT (Avena sativa) -- straw is pulped from this, principally in
Europe (1).

OGIA (Daniella ogea) -- soda process, light brown, opaque paper of
good strength and quality; found in Nigeria (5).

OKRA (Hibiscus esculentus) -- perhaps used in small quantities (1).

OLIVE TREE (Olivillos) -- small type of olive tree in Chile; wood is
used tc make paper, chiefly newsprint (9).

ORO (Irvingia barteri) -- soda process, soft, rather weak, dark brown
paper with some shive; found in Nigeria (5).

PALAS, see DHAK.
PAIMS OF DIFFERENT VARLETIES (Pal@gg) -- leaves, stalks used (8).

PAIM, 1ROPICAL (Raphia ruffia) -- raffia paper made from this;
makers have named it "Madagascar" (country of its origin).
Produces fine paper of warm, natural tcne, suitable for etchings
and engravings and is intended to serve same purposes as China
and Japanese papars. Fibers are also used in cigarette paper.
It is the same as bass, used for binding purposes in gardening

(9)

PAIMETTO, or CABBAGE PAIM (Palmite guarany) -- reed-like plant of
Brazil, used there for papermaking. Cooked with a little lime
(without pressure) this plant produces fine white fibers of
very excellent quality (9).

PAN KANIS, see BUL-RUSH.

PARAPARA (Jacaranda copaia) -- small amounts used for groundwood in
Brazil (1).

PEAT -- peat paper is made from peat by C. E. Nelson's process; said
to be better than ordinary wrapping. First factory to exploit
this idea was opened in U. S. in 1906, but was liquidated in
1945 (9).

PECAN, see HICKORY.

PEPPERMINT (Eucalyptus salicifolia) -- (1).

PEROBA ROSA (Aslidosperma polyneuron) -- tree found in Brazil (13).

PIMPAL, see BAR.

PINE (Pinus insignis) -- from Chile. Only this and Parana’ pine can




[MJ)

PINE,

PINE,

PINE,

PINE,

PINE,

PINE,

PINE,

PINE,

PINE,

PINE,

be considered as outstanding sources of the type of pulp re-
quired for certain grades of papers characterized by mechani-
cal strength (13).

(Pinus montezumae) -- Mexican pine, a source, not major, of
sulfate kraft) pulp in North America (1).

(Pinus patula) -- spreading-leaved pine from which pulp is pro-
duced in South Africa. It is an "exotic introduced from Mexico"
).

(Pinus pseudostrobus) -- Mexican pine sometimes used as a source,
not major, of sulfate (kraft) pulp in North America (1).

(Pinuc sylvestris) -- Finland, Norway and Sweden supply pulp
fror this (1).

AKAMATSU or JAPANESE RED (Pinus densiflora) -- probably pulped
in Japan (1).

BUNYA (Araucaria bidwilli) -- pulped in small amounts in Austra-
lia (1).

CLUSTER, see PINE, MARITIME.

EASTERN WHITE (Pinus strobus) =-- source, not major, of sulfate
(kraft) pulp in North America (1) (2).

HOOP (Araucaria cunninghamii) -- pulped in small amounts in
Australia (1).

JACK (Pinus banksiana) -- one of chief sources of sulfate
(kraft) pulp in North America (1).

(Pinus divaricata) -- found in Canada and northern U. S.;
sulfite pulp, also sulfate (2) (16).

LODGEPOLE (Pinus contorta latifolia) -- used in making sulfate
(kraft) pulp in North America, not a principal source (l).

(Pinus murrayana) -- sulphite and sulphate pulps; found on
Coast region of North America from Alaska to California (16).

LOBLOLLY (Pinus taeda) -- sulfate (kraft) pulp; one of chief
sources of supply in North America (1) (2).

LONGLEAF (Pinus palustris) -- one of chief sources of sulfate
(kraft) pulp in North America (1) (2).

MARITIME or CLUSTER (Pinus pinaster) -- made into kraft pulp in
France, Portugal and ltaly (1).
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MONTEREY (Pinus radiata) -- pulped in Australia and New Zealand,
commonly known there as radiata pine. Also pulped in Chile; can
probably be acclimatized to various areas of Latin America. Not
pulped in ts native Califormia (1) (2) (13).

NORWAY or RED (Pinus resinosa) -- found in Canada and northesast-
ern U. S.; sulfate pulp (2)(16).

OCOTE (Pinus oocarpa) -- tropical wood found in Honduras (5).

PARANA (Araucaria angustifolia) -- pulped by sulfite process in
Brazil and northern Argentina and for groundwood in Brazil. Only
this and Pinus insignis are outstanding sources of the type of
pulp required for certain grades of papers characterized by
mechanical strength (1) (2} (13).

PITCH (Pinus rigida) -- used in making sulfate (kraft) pulp in
North America, not a principal source (1) (2).

POND (Pinus rigida serotina) -- source, not major, of sulfate
(kraft) pulp in North America (1).

PONDEROSA or WESTERN YELLOW (Pinus ponderosa) -- used in making
sulfate (kraft) pulp in North America, not a principal source

(1) (2).

SAND (Pinus clausa) -- source, not major, of sulfate (kraft)
pulp in North America (1).

SCUICH .- (2) ®
SCRUB, see PINE, VIRGINIA.

SHORTLEAF (Pinus echinata) -- one of chief sources of sulfate
(kraft) pulp in North America (1) (2).

SLASH (Pinus caribaea) -- one of chief sources of sulfate
(kraft) pulp in North America (1) (2).

SPRUCE (Pinus glabra) -- source,not major, of sulfate (kratt)
pulp in North America (1). '

SUGAR (Pinus lambextiaia) -- (2).

SWISS MOUNTAIN (Pinus montana) -- pulped in Italy (1),

VIRGINIA or SCRUB (Pinus virginiana) -- used in making sulfate
(kraft) pulp in North America, not a principal source (1).
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PINE, WESTERN WHITE (Pinus monticola) --a source, not major, of sul-
fate (kraft) pulp in North America (1) (2).

PINE, YELLOW WESTERN, see PINE, PONDEROSA.

PINEAPPLE PLANT (Ananas sativa) -- may enter industry as waste in
various tropical countries which extract fiber from leaf of plant
for textile .urposes. The very narrow diameter of the ultimate
fiber may be of intrinsic value in certain specialty grades (1)

(2) (8).

PIQUIA (Caryocar villosum) -- tropical wood from Brazil (5).

PITA, see CENTURY PLANT.

PITA FLOJA (Aechemae magdalenae) -- (l).

PITEIRA. see HEMP, MAURITIUS. .

PLANTAIN (Musa paradisiaca) -- fiber not so long or strong as that of
abaca’ Musa varieties such as kela, mouj, chavai are used in
India €1) (8).

POLAK (Ochroma sp.) -- hard: soda process, light brown paper of good
strength; soft: soda process, bleached pulp produced hard, tough
white paper; from British Honduras (5).

POPLAR (Populusn .uaximowiczii) -- probably pulped in Japan (1).

(Populus sieboldii) -- probably pulped in Japan (l).

POPLAR, BALSAM (Populus tacamahaca) -- in North America, made into
groundwood, sulfite, soda, kraft and neutral sulfite semi-chemi-
cal pulps (1) (2).

POPLAR, BLACK, see ASPEN, POPULUS NIGRA.
POPLAR, PAPER or SOFT POPLAR, see ASPEN, LARGETOOTH.

POPLAR, YELLOW (Liriodendron tulipifera) -- pulped in U. S., chiefly
with other hardwoods (1) (2).

POSSUMWOOD (Hura crepitans) -- found in Panama, Surinam, Venezuela (5).

POTATO PLANT, COMMON (Solanum tuberosum) -- bast fiher from stalk has
been studied extensively and may have been used in central Europe
during emergencies. Potato sStalks or stems have been used in
Germany to an increasing extent to provide vegetable fibers for
the paver industry. As the cellulose fron the stalks can be
made into paper, several factories have been equipped to deal
with this product on a large scale, though it has proved to be
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more valuable in the cellu-wool or textile industry where price
i{s not such an important factor (1) (9).

PRIMAVERA (Tabebuiadonnell smithii) -- tropical wood found in Honduras
(5).

QUAM (Schizolobium sp.) -- soda process, rather soft, light brown paper
of fair quality (5).

QUARUBA (Vochysia sp.) -- small amount in groundwood in Brazil (1).

(Vochysia guianensis) (Vochysia hondurensis) -- tropical woods
found in Brazil, Surinam, Nicaragua (5).

RAGS -- cuttings from textile mills, "dust" on floor sweepings and
from cuttings in clothing plants make good paper, beat more
easily. Waste rags are used for fine, permanent papers.

RAJATE BIEN (Vitex cooperi) -- found in Honduras and Guatemala (5).

RAMETA (Lasiosiphon eriocephalus) -- inner bark of plant is used,
in India (8).

RAMIE or RHEA (Boehmeria nivea) -- fibers used by early Chinese paper-
makers believed to have included bast fibers of various species
of this genus. To what extent used today is not known. Also
known as grass-cloth plant. Possesses one of strongest known
of fibers, but difficulty of removing gummy substance from the
"ribbon" is considerable. In Europe is used normally only for
textiles and paper *o be used for bank notes, and in U. S. for
cigarette papers (1) (6) (8) (9).

RAN TURAI, see BHENDI.

RANBHENDI (Malachra capitata) -- bast fibers are used, in India (8).

REDBAY (Persea borbonia) -- undoubtedly pulped in mixture with other
hardwoods (1) (2).

REDGUM, see SWEETGUM.

REDWOOD (Sequoia sempervirens) -- some of this is reduced to fibrous
material by the Masonite explosion process. The bast fiber has
been formed into sheets for battery separators. Found on West
Coast of U. S. (1) (2) (16),

REED (Arundc donax) -- source of pulp in Italy and Argentina, possibly
other areas (1).

REED, DANUBE (Phragmites communis) -- pulped in Italy and Rumania,
perhaps in other areas (1).

RHEA, see RAMIE.
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RICE or RICE STRAW (Oryza sativa) -- straw from cultivated rice is pulped
in China, Indonesia, Argentina, Iltaly, Brazil, U. S., Spain, Egypt,
and possibly other regions. Is made into strawboard in India;
whole straw, not tops, is used. Dard Hunter said this makes poor

paper (1) (8).

ROBLE BLANCO (Tabebuia pentaphylla) -- tropical wood found in Honduras
(5).

ROSELLE (Hibiscus sabdariffa)(Hibiscus altissima) -- perhaps used in
small quantities (1).

RYE (Secale cereale) -- straw from cultivated rye is pulped, princi-
pally in central Europe (1).

SABAI or BABHAR GRASS (Ischoemum angustifolium) -- whole grass or
leaves, rope is used, in India (8).

SALAL WOOD (Boswellia serrata) -- newsprint has been made from a
mechanical pulp prepared by grinding salai wood and a bleached
bamboo kraft pulp as the chemical fiber. In India (1).

SAL (Shorea robusta) -- wood of common Indian species is pulped in
small amount (1l).

SAMBABAIA -- a giant fern tree of Brazil, 'used to produce a good
wrapping paper (9).

SANGRE (Pierocarpus vernalis) -- tropical wood found in Venezuela

(5).

SASSAFRAS (Sassafras variifolium) -- may be pulped with other species
(1) (2).

SIDA (Sida)-- bast fibers of certain species may enter paper industry
from cordage or textile industries (1).

SIMARUBA (Simaruba amara) -- tropical wood found in Surinam (5).

SISAL (Agave sisalana) -- enters paper industry as waste from cord-
age industry (1) (2). :

SPRUCE (Picea excelsa) -- Norray, Finland and Sweden supply pulp from
this (1).

(Picea orientalis) -- pulp made from this in Turkey (1).

SPRUCE, AKAEZO (Picea glehni) -- Japanese make pulp from this (1).
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SPRUCE, BLACK (Picea mariana) -- Picea genus is probably the most
universally favored for pulping because the wood combines the
desirable qualities of light colocr, relatively low pitch content
and long fiber. It produces an excellent groundwood, sulfite
or sulfate pulp. A favorite in Canada and U. S. (1) (2).

SPRUCE, BLUE (Picea parryana) -- sulphite and sulphate processes;
found in U. S. and Canada (16).

SPRUCE, EZOMATSU (Picea jezoensis) -~ Japanese make pulp from this (1).

SPRUCE, ENGEIMANN (Picea engelmanni) -- sulfite, sulfate, mechanical
pulp; used as ouch as possible in U. S. and Canada (1) (2) (16).

SPRUCE, HARIMOMI (Picea polita) -- Japanese make pulp from this (l).

SPRUCE, IRAMOMI (Picea bicolor) -- Japanese make pulp from this (1).

SPRUCE, NORWAY (Picea abies) (Picea excelsa) -- (2).

SPRUCE, RED (Picea rubens) -- a favorite in U. S. and Canada (1) (2).

SPRUCE, SITKA (Picea sitchensis) -- sulfire, sulfate, mechanical pulpj
used as much as possible in U. S. and Canada (1) (2) (16).

SPRUCE, WHITE (Picea glauca) (Picea canadensis) -- sulfite, sulfate,
mechanical pulp; good for practically every purpose where ground-
wood pulp is required; Canada and northern U. S.

SPRUCE, TOHI (Picea hondoensis) -- Japanese make pulp from this (1).

STRAW, see under name of plant.

SUGAR CANE, see BAGASSE.

SUNN (Crotalaria juncea) -- The bast fiber enters the industry for
rope papers from used cordage and rough textile waste (1) (8).

SWAMP BLACKGUM, see SWAMP TUPELO.

SWAMP TUPELO or SWAMP BLACKGUM (Nyssa sylvatica biflora) -- used for
pulp hardwood in southern U. S. (1).

SWAMPBAY (Persea palustris) -- undoubtedly pulped in mixture with other
southern hardwoods (1).

SWEETBAY (Magnolia virginiana) -- pulped in mixture with other hard-
woods in U. S. (1),
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SWEETBAY, SOUTHERN VARIETY (Magnolia australis) -- pulped in mixture
with other hardwoods in U. S. (1).

SWEETGUM or REDGUM (Liquidambar styraciflua) -- generally used as a
pulpwood in southern U. S. (1) (2).

SYCAMORE (Platanus occidentalis) -- soda pulp; small amounts may £ind
use with other central hardwoods (1) (2) (16).

TAIWANIA (Taiwania cryptomeroides) -- large tree used for pulp in
Taiwan (l).

TAMARACK, see LARCH.

TATAJUBA (Bagassa gioamemsos) -- tropical wood found in Brazil (5).

TAUARI (Couratari pulchra) -- tropical wood found in British Guiana
and Brazil (5).

TEAK (PLANTATION-GROWN) (Tectona grandis) -- tropical wood found in
Honduras (5).

TEMANQUEIRA (Zanthoxylum rhoifolia) -- small amount in groundwood in
Brazil (1).

TETRAMELES (Tetrameles) -- small amounts used for chemical pulp in
TREE-OF-HEAVEN {Ailanthus glanduloso) -- used occasionally with othe
hardwoods in U. S. and is pulped in Japan also (l1).

(Ailanthus altissima) -- (2).:

TRYSIL (Pentaclethra filamentosa) -- soda process, strong, grayish-bira.n
paper; found in British Guiana (5).

TUPELO, BLACK, see BLACKGUM.

TUPELO, SOUR, or OGECHE LIME (Nyssa ogeche) -- in Southern U. S. (1).

TUPELO, WATER (Nyssa aquatica) -- (2).

TUTHINAR, see CHAKRABHAND.

UTARNI (Doemia extensa)-- outer bark is used; from India (8).

VACO (Magnolia sororum) -- tropical wood found in Panama (5).

VAD, see BAR.
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PAPERMAKING EIBERS:

VALXAL TREE or CHANDKUDA KARVAT (antiaris taxicaria) -- inner baxk is
useda; grown in India (8).

WALLABA (Eperua falcata) -- soda process, soft grayish-brown paper of
good strength; British Guiana (5).

WALNUT, BLACK (Juglans nigra) -- (2).

WANASORO (Cecropia juranyiana) -- soda process, brown paper of good
strength (5).

WASTE PAPER -- most grades can be repulped to make a cheaper new grade
of paper.

WATTLE (Acacia decurrens) -- this has a bark rich in tannins and is
being pulped in South Africa (1).

(Acacia mollissima) -- used for bleached sulfate pulp manu-
facture in South Africa for printing, writing and envelope grades
of paper (&4).

WHEAT (Triticum vulgare) -- straw from common wheat is pulped in many
countries, especially in Holland, Italy, Germany, United Kingdom,
Argentina, Uruguay, Hungary, Algeria, Portugal, Spain, Turkey,
possibly in others. About a half million tons of straw pulp are
produced in U. S., but little, if any, is bleached and used for
high-grade papers (1) (2).

WHEAT or GEHU (Triticum . ativa) -- whole straw except tops is used
in India. (8).

WHITE MOHO (Hibiscus sp.) -- soda process, pale brown paper of good
strength and quality (5).

WIKSTROEMIA (Wikstroemia viridiflora) -- small amounts of handmade
paper from this in Vietnam, Cambodia and Laos (1).

WILD CHATAIGNE (Pachira insignis) -- soda process, tough, fairly bulky
opaque paper of good strength; Trinidad (5).

WILLOW, BLACK (Salix nigra) -- pulped in small amounts in U. S. Pre-
sumably some is pulped in Argentina and Turkey (1) (2).

WILLOW, WHITE (Salix alba) -- (2).

WISWISKWALIE (Qualea sp.) -- see Gronfoeloe.
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'PAPERMAKING FIBERS

YARURU (Aspidosperma excelsum) -- soda process, weak, soft, rather

dark brown paper (5).

YELLOW MANGUE (Svmphonia globulifera) -- soda process, soft, opaque,

bulky, brown paper of fairly good strength; Trinidad (5).

YELLOW SANDERS (Buchenavia capitata) -- tropical wood found in Puerto

3‘
4.
5.

10.

11.

12.
13.

14.

15.

16.

Rico (5).
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CHAPTER 5

Alternate Pulping Processes and Equipment

Particularly in terms of making better-quality and stronger papers,
the basic theory of pulping and beating fibers is to draw them out as
much as possible, shred them, and fray them, rather than cut them. This
is a complex and (if by hand) a laborious operation to achieve good beating.

The dozens if not hundreds of different ways of producing pulp may
be divided into two broad and obvious categories--traditional or hand,
and modern or technological. While the traditional methods are given the
most detail below, the modern techniques are also important because (a)
they may in some cases be adaptable to smaller and simpler operations and
(b) there may be many countries which should consider full-scale pulping
operations, both for major papermaking products and for export (in which
case, pulp would be readily available to cottage industry).

There are fundamentally three different processes which may be
involved in making of pulp: (1) the natural processes such as retting,
bleaching and decomposition which occur when the raw materials are left
in the water, or perhaps in the air, or in a moist, warm place, as the
case may be for different fibers; (2) mechanical processes, involving
cutting, beating, hammering, flaying, rubbing and grinding to break the
fibers away from extrancous materials and to shred or fray the individual
fibers; (3) chemical processes, or digestion, by which various chemicals
either in open vessels or under pressure and with or without heat, act
upon the raw material to separate the cellulose fiber from other materials
(without substantially affecting the cellulose, which is a singularly
inert chemical compound). All three of these methods are often combined--
in the ancient processes as in the moderm ones--and the combinations are
verhaps endless.

TRADITIONAL KAND PULPING METHODS

In the traditional or hand me“hods of making pulp, no distinction
is made between the pulping proces: and the beating process. By natural
action (such as letting fibers soax in running water) or by chemical
action (such as interlaying lime or lye with the fibers), or by mechani-
cal action (such as hammering the fibers with stones), the purpose is to
bring the cellulose fiber to the state which will best make the desired
paper.
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Fig. 9. STAMPER, HEAD UP Fig. 10. STAMPER, HEAD DOWN

Over the course of many centuries, different tecbniques have been
developed for handling specific fibers. The more important among these are
described in simplified and general terms below, beginning on Page 65, and
a reading of all of them will provide a cross-section of what is possible.
How an area which has not had a papermaking tradition should best process
iz Libers it has available, or how a new fiber should be processed by a
cottage industry which has already established i1ts process for its present
fibers, is arrived at by a combination of (a) common sense, (b) experience
which may be learned from others;, (c) trial and error and (d) research.

If the new fiber is one which is now used elsewhere in small-scale industr.
an inquiry to the government concerned will provide information. As an in
dication of where these fibers are now being processed, the list starting
on Page 31 lists as many countries as possible.

Also, it should be recognized that some of the more advanced mech-
ical and chemical processes, described in .the next section, may be adaptable
to hand processing, as research may demonstrate.

Methods of beating -- The central part of the pulp-making process by
hand is the beating, which, as noted earlier, covers both the pulping and
beating pracesses which are considered separately in more advanced technigu::
There are two distinct methods which may qualify as "hand processes" in
beating, although one of them sometimes uses animal power. The simplest
form consists of literally beating the fibers with sticks or stones or ham-
mers of some sort, held in the hand, until the fibers break apart and are
actually frayed. This is still the equipment for some of the best handmade
paper produced in Japan. A very great amount of muscle power is required
to pound the fiber to a satisfactory pulp for even a few sheets of paper.

The f£ibers may also be rubbed against rough stone. They should not
be chopped, however. While the pieces may be cut to lengths of a few ‘
inches, the fibers should not be cut too small because the purpose is to
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separate the fibers and fray their edges; usually, the longer the fiber,
the better they '"ifelt'" or hold together in the sheet, and the stronger
the paper.

The secone. form of beating involves the use of a semi-mechanized
device, called a "stamper" in traditional European papermaking and a
"dhenki* in Indian usage. If quantity production of pulp is desired, and
power-driver beating equipment (discussed later) is not available as a
central facility, it may be advisable to consider some sort of stamping
equipment. In essence, as Figures 9 and 10 show, the device amounts to a
huge "hammer" of stone or wood, which is lifted by leverage, and then
dropped onto the fiber, over and over until it is pulverized. The prin-
ciple is like a mortar and pestle. lanpower or some arrangement for
mechanical or animal power lifts the hammer head and then lets it fall.

One varjation of this is a huge wheel which keeps turning in a
stone-lined trough--grinding and pulverizing the fibers underneath it.
(See Figure 11.) An animal can keep the wheel moving around a central
tethering post, as is sometimes done with oxen at water wells. (There is
a mechanical version of this, called a Kollergang, which effectively pulps

Fig. 11. ANIMAL POWER TURNS A STONE TO PULP THE FIBER UNDERNEATH
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a fiber by rolling granite stone wheels around a rounded bottom to set
Uy a slewing motion; this improvement might be tested in a small-scale
operation.)

Another device, recently developed, makes it possible to shred the
fibers by means of spikes or claw-like points on a wheel which can be
turned by a bicycle pedal. This may provide a relief from very heavy work
if it is adaptable to local fibers.

Besides the felting action, the method and degree of beating affects
the "freeness! of the pulp which results. A well-beaten pulp soaks up and
retains more water than a poorly-beaten fiber, so that eventually the pulp
lcoks like thick jelly and feels greasy like butter. This condition is
called "hydration'! and the pulp is called "wet." A "wet" pulp does not
drain off its wates easily on the paper-lifting screen, and it makes a
stronger paper. A "“free® pulp, on the other hand, drains its water quickly
on the screen, and results in & paper that is soft, absorbent and weak.
Whére such paper is desired, there is no reason to beat the fibers unduly.
For ordinary papers, there is a midpoint between "free” and "™wet," and
part of the knowledge of papermaking rests in knowing how much beating to
do for the particular fiber to make the particular kind of paper desired.

MODERN METHODS OF PULPING

There are increasing numbers of different processes being developed,
and it is impossible to explain or even catalog them all in a Manual such
as this. However, the principal processes are named and described briefly
below, together with some indication of fibers for each, as an introduction
to the reader who must have some understanding of the various alternatives
available as he makes a decision on whether to undertake papermaking, and
at what level and to what extent. More detailed information is wvailable
in two FAO publications, "World Pulp and Paper Rescurces and Prospects,
1954 (especially Appendix II), and Forestry end Forest Products Study No. 6,
"Raw Materials for More Paper" (1953).

The moderm pulp-making processes are of two basic tyﬁes, mechani cal
and chemical; however, they are now combined so frequently in so many ways
that there is a third middle type which is probably more significant than
the two original types.

Mechanical processes: The process by which the major pulps in
newsprint and other cheap papers are made (and thus the biggest-volume
pulps in terms of world use) is called groundwood. It is literally a pro-
cess by which logs of trees are pressed together against a revolving
grinding stone and reduced to fibers. No chemicals or steam are required,
but electric power consumption is considerxrable, and the process is thus
most economic where there is cheap electricity. The equipment involved
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is probably too large and expensive to consider as a central facility for

a cottage industry alone; also, the timbering operations to obtain the logs
would be too great for such a purpose, and the resultant paper too cheap a
grade to be ideal for cottage industry. However, a full-scale pulping
operation for other purposes, and tied in with a going or projected forest
industry might be feasible, and cottage industry might use some of its

pulp in a mixture. Other fibers, such as bamboo, may prove to be able to
use the groundwood process.

Semi-chemical or steamed groundwood -- This is substantially the
same as groundwood, except that the logs are steamed before being ground.

Disk and rod mills -- These are mechanical devices with revolving
disks or bars of iron inside a boiler, grinding down and breaking up wood
chips or other fibrous raw materials, sometimes with simultaneous steam.
The action is not as coarse as the groundwood process, and better fibers
result,

The mechanical processes yield a higher percentage of fiber for the
material (75 to 957) than the chemical processes (45 to 507,), but they are
harder on the fiber, and thus generally make poorer paper. In addition,
the lignin (the substance which binds the fibers together in nature) is
not removed, and the color of the paper is poorer than in the chemical
processes.

Chemical processes -- The method first used for cooking rags was
the soda process, so called because it uses a solution of caustic soda in
water; at high temperatures, this will dissolve all the other constitu-
ents of wood except the cellulose. Tc make it an economic operation, the
soda must be recovered, and this makes the process a complicated one. The
process is considered best today for pulping grass and straw, whereas
wood pulping is better under the sulphate process. This process uses sul-
phur and sodium compounds (originally sodium sulphate, hence the name of
the process) and gives higher yields and better strength characteristics,
and can be used for a wider variety of papers. Also it is easier to re-
cover chemicals used. It is an expensive installation--although apparent-
ly no serious attempt has been made to use a small and simplified version
of the equipment for cottage-industry volume. The kraft process is a
version of the sulphate, giving especially strong fibers. The sulphite
process cooks with calcium bisulfite and sulphuronus acid, and there are
variations aow which indicate that it may be useful for some of the fibers
available in the underdeveloped areas--as for instance bamboo in India.
However, it is mt as versatile a process as the sulphate.

There is a continuous process which requires no pressure vessels
and is suitable for making bleached »ulp from annual plant fibers such as
straws, bagassc and agricultural residues; called the caustic soda-chlorine
process, it uses a weak caustic soda scluticn followed by chlorine, using
them in about the same proportion as they are produced by electrolysis of
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common salt. Mixed with other fibers, they may be used from newsprint
through high-grade and glassine papers. The oldest chemical process is
lime, still used as a retting process in a pit and also for cooking under
pressure; while it is very adaptable to small operations, it is limited
in the quality cf pulps it can produce.

A commercial continuous process for pulping using caustic soda to
produce a semi-pulp suitable for use in corrugating boards and then using
wet gaseous chlorine to make fine pulps is called Celdecor; it is being
used in a number of countries, particularly on straw, and is used also to
pulp bagasse.

The only pulping process which can be recommended for processing
as broad a range of fibers as eucalyptus wood; bamboo, bagasse and straws
is a pressure process using either kraft or neutral sulfite chemicals for
cooking, with the concentraticn of chemicals and pulping conditions being
ad justed to the character of the raw materials.

Acid pulping processes are not good for agricultural residues be-
cause they leave the fibers relatively weak and brittle.

Combined processes -- These processes start with a mild chemical
action which loosens the binding substances between the fibers, and then
puts the fiber through a mechanical process to break the cellulose free.
While they obviously require both chemical and mechanical equipment, and
thus are more expensive to install on the face of it, they offer some
interesting possibilities for the underdeveloped areas. The cold caustic
soda process treats wood chips with cold caustic soda liquor and follows
with refining in a disk mill. The Forest Products Laboratory, Madison,
Wisconsin, U.S.A., reports that extensives experimentation has shown that
the process can take hardwood chips and produce pulps with properties he-
tween groundwood and neutral sulphite semi-chemical pulps, and thus are
suitable for printing papers and corrugating board. The chips are stepped
in a solution of sodium hydroxide at atmospheric conditions for approxi-
mately two nours and then fiberized in a disk mill. The neutral sulphite
semi -chemical orocess has been demonstrated to make pulps of good quality

for bond papers, for news and printing papers, for linerboard and food-
board. The pulps are light in color when unbleached, and they gain
strength upon bleaching. And the process lends jtself to relatively small
units and a mininum plant investment (although still most substantial Ly
cottage industry standards). Besides hardwoods, the prccess will handle
straw, bagasse, grasses and other agricaltural residues.

A new and almost ideal process for the pulping of agricultural
residues is the simple and relatively inexpensive mechano-chemical pro-
cess, in which digestion is carried out in an open vessel at the same
time a mechanical impeller '"pumps" the chemical liquors into and out of
the straw. The process is simple to operate, and uses different chemi-
cals for different pulps. Straw cooked and circulated for 1 hour at
about 98°C. in one case 3ave as good a pulp as a 5-hour cook at 140°C.
by cooking alone. The process is especially suitable for the production
of fine pulp from straw, bagasse and similar agricultural residues.

- 63 -



IMPROVING THE QUALITY OF PULP

After the fibers are pulped, it is often necessary to subject them
to a bleaching operation--adding chemicals, sometimes with heat, or by
electrolytic processes. The bleach lightens the color of the pulp and
thus the resultant paper; it is intended to make the paper as white as
possible and keep it so indefinitely, without harming the strength of the
fibers.

From an economic point of view, the bleaching agents do this at
the cost of shrinking the pulp in weight, and of course the chemicals
cost money themselves. However, they may properly be considered a second
step in pulping--saving costs in the first chemical or mechanical opera-
tions. Thus, the question of whether the lignin should be entirely re-
moved in the first pulping operation or partly in the bleaching is an
economic question which can be answered only by the specific facts of the
particular situation. Bleaching operations are generally faster and sim-
pler than the added work which would have to be done by mechanical means,
but they may cost more--and they may lower the quality of the pulp.

It should be noted that the bleaching elements--and indeed all of
the chemicals used in the pulping process--create safety hazards. Chlor-
ine is a poisonous zas; caustic soda can cause burns and blindness if
splashed in the eye.

After the pulps are made and bleached as necessary, they are
usually passed tiirough a screen or sieve, to insure that all foreign
substances and unpulped fibers are removed. This is also called a
"knotter" in hand operations, to remove knoited fibers and foreign sub-
stances before the stock goes into the vat.

REPULPING

If the pulp and paper »peration are in a combined plant, the

pulp simply moves over to the beaters, for the next phase of the process.
However, it is perfectly feasible to dry out the pulp to transport it

at a minimum cost (avoiding charges for the weight of the water which has
been removed). When the paper producer receives the pulp, as will be
explained in the next chapter, he "repulps" it and proceeds with his own
operations. The repulping is done in the beater, although there is a
specialized machine called a repulper.

Thus it is possible for a cottage industry to rely upon pulps pro-
duced elsewhere and shipped in. Whether it is better to do it that way,
or to produce the pulps locally, will depend upon factors discussed in
detail in Chapter 13.



PROCESSES FOR PULPING SPECIFIC FIBERS

The methods described below include both traditional and.modern
technological processes. While they by no means cover all the fibers
available or the only ways of reducing the particular fibers discussed,
they do generally cover those which would be of the most interest to cot-
tage industry in underdeveloped areas.

Rags -- 0ld rags have historically been a principal source of
paper fibers; they are especially goond because the using of the cloth and
its repeated washing serve to break down the fibers substantially, so that
much of the work of pulping is done beforehand, from the standpoint of the
papermaker. MHowever, because rags are likely to be dirty and oily or
greasy, and to have buttons, pins and other materials attached to them,
a great deal of effort is involved in sorting, dusting, cutting, and wash-
ing. For large-volume operations, there is mechanical equipment available
to perform these steps. A traditional method is to take the cleaned and
cut rags and, after moistening them, pile them together in a warm, damp
place to decay. They may be left there three weeks or more, until the
vegetable glutin which must be removed from cotton fibers has fermented
enough to be easily washed away. Then the rags are boiled, washed clean
and handbeated to a smooth pulp.

3y more modern methods, the rags are boiled in digesters with a
mixed solution of lime and soda, under a steam pressure of 40 pounds to
the square inch, with the cooking continuing from 12 to 14 hours. This
process loosens any coloring, grease, dirt and glutin, so that they may
be washed away afterwards. After the washing, there is a bleaching opera-
tion, either with bleaching powder or an electrolytic bleach, and again
there is a washing to remove the excess bleach. At this point, the pulp
is called "half-stuff.” It is ordinarily drained off, to become a white
and compact mass of fibers; usually it is allowed to stand in the drainers
for a week or more, to subdue the fibers. Then the pulp is put through a
beating process.

Mulberry -- While the ancient methods have developed some variations,
the process amounts substantially to this: (1) steaming the sticks or
shoots to strip away the barks and separate the brown surface from the in-
side part of the bark; (2) the barks are then soaked for some hours or
boiled again, often with caustic soda, soda ash, lime or other alkali, for
two or three hours; (3) the barks are then left in clear (usually running)
water to bleach for a day or two; sometimes chemical bleaches are used;
(4) the material is then cleaned by hand, with the dark skin being scraped
away, leaving the clean inner bark as the fiber; (5) the barks are then
pounded by hand; (6) the bark is cooked in open vessels, for two or three
hours with gbout 107 alkali, after an initial soaking period; the alkali
may be caustic soda, soda ash, lime or hydroxide leached from wood ashes
with hot water; (7) the cooked fiber is washed for several days in clear,
cold running water--qualities believed important to insure good paper,
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and to accomplish a bleacir as well as remove the cooking chemicals;

(8) impurities are picked away by hand; (9) the pulp is beaten, either

by hand or mechanical beater; (10) an adhesive called "tamo," made from
the roots of a plant similar to the hollyhock, is added, to insure later
that the sheets of paper will pull apart in the drying prccess, even
though no felts are used. In some of the variations, there are bleaching
processes which require from seven to 11 weeks; in the old Chinese method,
the inner bark was boiled in lye until separated into fibers, and when
these were washed clean, the fibers were worked by hand into a pulp and
then beaten fine with a mallet on a table.

Bamboo -- Although treated in various anclient ways to make paper,
this fiber is also being pulped by modern processes.

In the traditional method, bamboo canes are stripped of thelir
leaves and shoots, tied into bundles, and steeped in a pond until the
green outer skin or bark can be remcved. Then, split open by hammering,
the bamboos are iaid into a dugout trench or a pit lined with stones;
layexrs of the cane are alternated with layers of lime. The pit is filled
with water, and the bamboo soaks for several months, after which it is
washed thoroughly in cieayr water to eliminate all of the lime. In a semi-
disintegrated state from this processing, the bamboo is further beaten
by hand or mechanical power to make it suitable for sheet-forming.

Cooking by the soda process is the newer method, with alternative
amounts of soda and cooking times involved. One Indian process includes
two cooks--one being with 57 caustic soda in an open boiler for four
hours, and then (after thorough washing and crushing of hard portions)
digestion in small quantities with 157 caustic soda at a 50-pound pressure
per square inch for four hours--after which it is washed and lightly
beaten to loosen the lumps, and bleached with 127, bleaching powder. This
results 1n a grayish-white pulp with a yield of about 4@j. This pulp may
then be suitably beaten for sheet-forming in from three to four hours.

An alternative cook is carried out at 60 pcunds pressure for 10 hours,
with 30 pounds of 76} caustic soda per 100 pounds of pulp. In Burma, the
sulphite process has been used with a yield of more than 507, and with
less bleach required than in the Indian process.

Waste paper -- First it must be sorted out into different types,
since some trimmings of high-quality unused white paper can make a good
repulped paper, while newsprint for instance can be used only for making
paper boards. The point is that the®fibers in waste paper were once
pulped and beaten to what was presumably the best treatment for them; any
new treatment now, a second time around, overdoes it and weakens the
fibers. Waste paper is first generally screened or dusted and washed to
remove dirt and impurities. Then it is digested by either (a) the cold
process--27 caustic soda, allowed to soak at least 24 hours at room
temperature, or (b) the hot process--5% lime of good quality, boiled 4
or 5 hours, and then washed to remove some of the lime. The pulp can
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then be put in a beater or trampled under foot or pounded and rubbed.

After washing, it is bleached with a light solution of bleaching powder.
When printer's ink is present, stronger solutions of chemicals are needed.
Lime and caustic soda can also be used, and there are special chemical
disbursing agents which increase the amount of ink that can be washed away.
Where tine ink is not ra2moved, the paper is grayish. With modern machinery,
waste paper is simply put in a repulper or beater (see next section), being
in effect treated as pulp.

Straws -- Such cereal straws as wheat, rice, nats, »arley, and rye
straws are relatively easy raw wmaterials to pulp, either by traditional
or modern cnemical methods. In the old Chinese process, the rice straw
first receives a preliminary pounding and is then buriad in a treaca aiies
being saturated with lime. When the straw is disintegrated, the fibers
are placed in porous cloth bags. These are “eld in a runaing stream to
cleanse away all the lime. After that, they are beaten gently (brushed)
and rubbed. Rice straw can be pulped simply by trampling and rubbing,
without stampers. A more modern way is to boil the straw with 157 alkali
for six hours, and then wash and bleach with 107% of bleaching powder.
Straw can also be digested with caustic soda, lime or soda ash under
pressure of about 50 pounds, at 150°F., for 2 to 5 nours. When treated
this way and bleached, it vields a white paper pulp which is nearly pure
cellulose, making a fine writing paper. 1t can be easily pulped in the
beater {see next section). Under most processes, the nodes caus.: trouble,
creating black spots like the point of a pin in the final paper; they must
be washed and strained away as much as possible, and wvith modern equip=
ment the problem can be completely overcome.

Bagasse -- There are differeant types of bagasse (the residue of
sugar cane) and many current attempts to find the best vay to nrocess the
fiber. It is easily reduced, washed and hleached to pulp, and has a good
yield if the pith is removed; in addition, the paper improves with the
removal of the pith. Although the acid sulphite process is not recommend-
ed, bagasse can be pulped by any of the usual commerical pulping methods.
It requires approximately 7 tons of fresh bagasse (50 per cent moisture
content) to make one ton of pulp. Normally a bulky and coarse »ulp with
poor strength, bagasse is one fiber -vhich should be particularly studied
in terms of mixing with other fibers. Writing parers can be made with
up to 907, bagasse and the rest softer fibers; somewhat mors is better
for printing pppers. For wrapping paper, long fibers added to bagasse
combine to give excellent results. Adding bagasse to wood pulp makes a
firm sheet of paper and reduces the amount of beating required with wood
pulp alone. Use of mineral fillers with bagasse produces good opaque
paper, and harder paper, because the fine fibers of the bagasse pulp re-
tain the fillers as well. (See Page 75 for discussion of fillers.)

Esparto and other grasses -- After cleaning and preliminary chop-
ping, the grass is cooked in pressure boilers, from 2 to 5 hours under a
pressure of approximately 50 pounds, with 157 caustic soda or with a
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mixture of caustic and sodium sulphide. The boiler is usually the
"vomiting" boiler or digester, whichhas a false bottom. The liquids
bubble up through pipes and then spread through the fibers again and
again as they fall to the bottom. The digested mass is then washed,
pulped, bleached and screened. In modern plants, the final washing and
bleaching are carried out in the beater (see next Chapnter).

Jute -- The raw materials, usually in the form of old rope and
gunny sacks, burlap, or as jute cuttings, are nandled in the same way as
old rags. The jute is then cooked in a cylinder rotary boiler, with lime
or sometimes caustic soda veing added. Afterwards, it is again ftreated
as are rag pulps. Jute may also be retted bty allowing to steep in lime.
While some bleaching is required for tie pulp in any case, the amount
needed for making white paper is not only uneconomical but 't so weakens
the fiber that it is not practical for the purpose.
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CHAPTER 6

Alternate Stock Preparation Processes and Equipment

In modern pulp and papermaking, as has been explained, tlie fibers
may have had considerable mechanical beating while being processed into
pulp, but this should be distinguished from the beating process which
follows the pulp-making process.

This perhaps may be made clearer by saying that pulp is not paper.
Pulp is only or: of the materials that goes into the making of paper.
Beating--whiza is literally what the word savs, a beating of the pulp by
some mech:anical means--is the £irst part of the process of making paper
itself by combining pulp with all of the other materials.

The function of beating is not altogether understood, except that
it improves the ability of the fibers to make good paper. The idea of
the beating is to separate the fibers more thoroughly, split them, fray
them, and otherwise pull them apart to the utmost while still keeping them
connected, so that the thin, almost curled edges will "felt" or intertwine
with one another and form the solid sheet of paper with strength to reisst
tearing, creasing and crumpling, or whatever.

Among the various conditions and characteristics which result from
beating these are the most important:

Felting power -- This is the ability of a fiber to entangle with
other fibers; long and flexible fibers deo this better than short and
stiff ones, and thus make stronger and more elastic paper. The way a
fiber is beaten may safeguard the natural qualities of the fiber or des-
troy them--as in the obvious instance of cutting long fibers into shorter
pieces. Sometimes shorter fibers will "felt" better tian longer fibers
because they are made elastic and frayed to provide more interleaving
surfaces, whereas the long fibers may not be properly treated. 1t is
important to learn the best way to treat a given fiber to get the desired
paper-. .

Flocculation -- This is in many ways the same thing as felting
powar, except that involves more than fibers themselves; it is the way
fibers aggregate or come together to form a-sheet--because of their felt-
ing power, or because of any mechanical assistance such as the vatman's
shake, or chemical adhesives which may be added. Good flocculation makes
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Fig. 12. A HOLLANDER BEATER WITH THE PULP-BEATING ROLL DISENGAGED

a denser, stronger sieet. Flocculation increases with increase in tewmnera-
tures as well as with fiber scrength and the amount of beating,

e

which is to say, soft ind able to soa’t 14p liquids readily; in other papers,
the opposite is tine case. While chemicals can reduce or zven eliminate

the paper's ability to absorb, the way the fibers are nrocessed is also
important. Fibers beaten quickly and cut short, without frayed surfaces
for felting, make absorbent paper; {ibers Laaten slowly and with dall
surfaces to avoid cutting, work up Into a harder sheet which 1is increas-
ingly water-resistant and increasingly traansparent. Ina the actual pilping
and papermakinz process, distinction is made between free or fast 3ulp
(which drains water easily) and wet or slow or 3reasy pulp or stuff (which

has had wazer beaten into it to such an extant that it will not draxn it
away, developing a feeling something like butter).

Fibrillation -- This is the actual process of reducing the fibers
to their fibrillae; if there has not been enouzh beating, the fiber is
called raw, and will not make a 3vod sheet because it cannot felt.
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Beating equipment -- The first really mechanized beater, called the
Hollander because it was invented in Holland, succeeded the stamper about '
200 years ago, and its principle is still basic to the beater or "beating
engine'" as it is sometimes called. The Hollander is shown in Fig. 12; a
smaller Hollander is shown from a different angle in Fig. 13. The two
important principles involved are (1) a partition is put into a tub to
insure, with the motion of the beating equipment, that the pulp will keep
flowing, so that all parts of the solution will have their turn at being
beaten, and (2) the beating apparatus consists of rows of iron bars both
on the turning wheel or roll and on the bed of the but, at angles to each
other, so that the fibter caught between them as the roll turns is chewed
and frayed. Fig. 12 shows the Hollander with the roll disengaged. The
roll can be lifted or lowered to accomplish more or less chewing of fibers
It is often said that "the paper is made in the beater‘--the know-how as
to the right kind and duration of chewing to provide is the secret of
papermaking--because too little chewing will accomplish nothing on the
fiber, whereas too much will destroy the fibers,

The length of time the pulp requires to be beaten, like the amount
of chewing at any one time, depends upon the fiber and the kind of paper
peing made. It may continue with one batch foxr one hour or several hours,
although with straw pulp it is sometimes said it is difficult not to over-
beat the pulp in a beater. With handmade papers, this may be left to
the judgment of the beaterman or the papermaker; in the more mechanized
paper mills where uniformity is a necessity, the processes are worked out
in detail and the beating is timed.

Usually, any other materials that are to 20 into the stock are
added to the pulp in the beater, with the result that they become per-
fectly mixed with the pulp.
For any one run of paper in
a mill there is a formula,
in effect, calling for the
exact amount of each kind of
pulp, the amount of the siz-
ing, dye, '"loading agent" or
filler, and any other mater-
ial which may be included
to meet the specifications
for the particular kind of
paper to be produced. This
may or may not be exact in
cottage industry papermaking.
(The substances added at
this point are discussed in
detail in the following sec-
tion.) If the paper is to
oe made of a mixture of diff-
erent fibers, they are usu-

Fig. 13. A SMALL BEATER FROM ANOTHER ANGLE 211y combined in the beater

at this point.
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Fig. 14, DRAWING SHOWING THE JORDAN REFILNER

Tor tae Hetter srades of paper, the stock goes Srom the beater tc
another xind of beater called a refiner--usially a *jordan,!" shown in
Fig. l4. Inside the conical shell is another conical piece. There are
lonz, thin steel bars something like the edge of an ice skate on the
touching suriaces of these two cones, and as the stock is forced between
them, every pundle of fiber is necessarily shneared or pulled apart--so
that by the time the stock passes on through, it is thoroughly mixed and
uniform. For some kinds of pulp, the jordan or refiner is supplanting
the Hollander; this is especially true of grass fibers, so that it may be
that under some circumstances, a modified jordan can serve as a ceatral
facility to do the pulping for a cottage industry.

In any event, wihen the stock leaves the jordan (or the Hollander,
if no jordan is needed), it is ready to be made iato paper. To insure
the tighest quality stock, sometimes a final screening is added at tuis
Doint to elimiiate all lumps, dirt or knotted fibers that could mar the
finished sheet of paper.

SUBSTANCES .*DDED TO PULP TO M.KE PAPEF

.

while the pulp is still in the beater or refiner, chemicals may be
added ts it and mixed thoroughly, to accomnlish a variety of different
purposes; (1) sizinz, to make the paper less porous, so that writing ink
will not soak up> and blur; (2) adhesives, to make the paper strongzer and
otherwise improve its qualities; (3) loading azents or filler, to give a
paper more substance and opacity, and sometimes to save the cost of the
more expensive fiber; (4) dyes, to add color (or bluiag, to increase
whiteness); (5) insecticides and other nreservatives, where necessary,
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and (6) special chemicals to change the paper into special-purpose paper,
as for instance "glassine." The first five o inese tvpes of chemicals
are discussed here; the fifth is included in Chapter 11, dealing with
special papers and paper products.

l. Size -- The adding of sizing chemicals is helpful in changing
a pulp or stock from one which would otherwvise make "waterleaf" or absorb-
ent paper into a water-resistant paper, to the degree desired for the par-
ticular purpose. The opposite of waterleaf is "hard sized." Most print-
ing papers need a little absorbency to help the printing inks dry or set;
writing paper must resist the writing ink as much as possible. Size also
improves the surface of papers and gives it stifiness and rattle, desirable
in some papers. Size is of different types, based on different principles;
some sizing materials work best when added to the stock in the beater, and
some must be put on the surface of the paper after it nas been made and
dried. The size put into the beater is called "engine size;" the xinds
put on the paper afterwards are called "tub size' or *"surface size."

From the standpoint of a national economy or of the printing in-
dustry, size not only makes paper perform better; it actually saves
imoney on the amount of ink needed for nrinting. One recent test showed
that cellulose gums with good binding properties £or paper may save up
from 30 to 43 »er cent of the amount of gloss ink needed on some papers.
The axtra cost of a properly sized paper may well be worth it to the
printer if ne can cuve w2"ing his ink soaked up in the paper.

A morz direct question of ¢-~onomics arises for the papermaker
nimself. Engine sizing is cheaper to do than tub sizing, particularly
vn the cottage industry level, because tub sizing is a hand operation.
However, sometimes there is no point in sizing the whole sheet, including
inside fibers, when only the surface needs the treatment.

There are certain problems or considerations in terms of sizing
which affect the operation: (a) emulsification, or keeping the size
well mixed so it will be evenly distributed; (b) th2 use »f fortilied
size, meaning svathetic resins which make less size do morej; (c) the
elimination of any acidityv remaining in the stock as a result »f thae
use of size; (d) the length of time the size shoul!d be in the beater,
or, in other words, at what point iz should be added, and (e) the effect
of acidity on the retention c¢f loading agents or fillers added later.
Different answers to matt2rs such as these affect the characteristics of
the paper and the economics of the process.

The most common engine sizing chemical is rosin, which is a resin
coming from pine trees in the manufacture of turpentine; there are diff-
erent grades, varying in color. (Wax sizes are also used.; Rosin size
is obtained by cooking rosin with alkali to make a soap--6 parts rosin
to 1 part soda ash and 12 parts water being one formula. This size will
not cause trouble in the vat, whereas animal sizes (discussed under sur-
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face sizing, later) will stick to the mould, the vats ana the felts. The
rosin 3ize, thinned in warm water, is added directly to the beater, usually
after wny coloring elements are intrcduced. After the size is thoroughly
mixed, but not until then, alum is introduced to precipitate the size and
bind it to the fibers. Some size should be kept on hand, because freshly-
made size is not too good; moderately old size is better.

2. Adhesives -- These are chemicals added to make the paper stirong-
er. Recently there has been great interest in this subject, and certain
substances--notably Guar and locus bean gum--have been found to have parti-
cularly effective adhesive qualities. Not only do they help make the paper
stronger, they simplify the effort of beating in some instances and help
later in sheet formation. Guar is heing talked about as the long-sought
way to '"pour hydration out of a barrel," i. e., achieve the effects of mech-
anical beating by simply adding a chemical.

Another substance used to strengthen the paper at this point is
starch--which is also used as a size in surface sizing, as will be discussed
later. In the beater, starch helps bolster the bursting strength of paper,
reduces its surface fuzziness, and the tendency to dust when paper is con-
verted to other products.

In the Far East, a sor® of glue called tamo is extracted from the
root of a plant similar to the hollyhock. Grown by the papermakers in
their own gardens, tamo makes it possible to peel wet sheets from the pile,
to dry, without tearing any, even after considerable pressure. Other vege-
tables produce adhesives which help the fiber in solution.

Alum, noted above in connection with the sizing process, not only
"sets'" the size but has an effect on ceclors which may have been added; it
makes reds and blues generally stronger and brighter, but weakens colors
such as yellows and greens.

Silicate of soda (water glass or soluble glass), made by fusing
silica, such as sand or quartz, with carbonate of soda, can also be
added to the stock in the beater *to increase the strength of papers. It
dries hard and white and gives an increased rattle and firmness to papers.
Resistant to oils, it is especially useful in printing papers; in larger
amounts it miakes grease-resistant papers.

One recent development in additives 1s synthetic resins which
impart a high degree of wet strength to paper--that is, the paper will
not dissolve or pull apart even when wetted considerably. This has many
applications, obviously. While chese resins are often identified as
sizing by the chemical firms raich produce them, they are not true sizing
in the sense that they resist actual water penetration; the water soaks
in, but does not affect the strength of the paper beyond use.
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Loading agents or fillers -- Paper made from stock which has no
filler is somewhat transparent, depending upon the fiber and the thickness
of the paper. To overcome this (especially for printing papers which must
be opaque, that is, keep the printing on the other side from showing through,
the stock is "loaded'" with chemically-inert materials. The filler also makc:
the paper's surface smoother and has other advantages--including the fact
that the filler usually costs less than the amount of fiber it saves. How
ever, the cheapest fillers have a substantial disadvantage: they make the
paper weaker and softer. The problem is to get the paper loaded correctly
to achieve the right balance of the characteristics most desired.

China clay, or kaolin, is the commonly used agernt, and one which
weakens the paper. However, it is goed for newsprint and book paper.
Among agents which do not weaken the paper as much arec gypsum; plaster;
satin wnite, made of calcium sulphate and alumina agalite, pearl hardening
and barium sulphate. Powdered talc is also used; however, it s much
harder on cutter knives and on printing plates, when used in large pro-
portlions.

The qualities of a loading agent include the following: (a) it must
not contain free acid or chlorine compounds; (b) it must be finely graded,
of uniform consistency, and free from sand and grit; (c) it must not have
a color which will adversely affect the color of the finished paper, and
(d) it should have a high index of refraction, since this is what determinc
how opaque it will make the paper.

To add the filler to the beater, it is usually agitated with water
in a separate tank to make it into a thin cream. OQOften it is mixed with
the rosin size before either is put in the beater, since apparently this
combination helps the fibers retain or hold onto the filler. It is not
advised if the combined solution is conveyed to the beater by pipes, since
it clogs. The best way is to have the mixing tank just above the beater.

4. Dyes -- Originally, paper was colored by dipping sheets into
dve, as textiles are sometimes dyed. Where there is a beating process,
it is almost always better to introduce the dye into the stock.

The kind of fiber makes a great difference here as in every other
step of the papermaking process; some fibers soak up dye, some react to
it in a way to change the color, some retain the dye and some do not;
some use too much dye for the results obtained. It may be also a factor
of the dye itself--and sometimes an exﬁénsive dye may be cheaper in the
long run if it works vetter with the fiber than a cheaper one. In any
event, it takes skill to use the right dye and to make it work evenly in
the paper. (Lt should be noted that a dye in the beater usually is deeper
in color than it will be in the finished paper.)

Most dyes used in papermaking today are anilines, even though many

of them fade quickly when exposed to sunlight. Pigment dyes, used in the
highest quality papers, are color fast; however, they tend to weaken the
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sheet if used too mrich to obtain deeper colors. And because their cover-
ing power is low, they cannot be used satisfactorily with unbleached fibers.
Formerly, they tended to be dull in their shades, but recent improvements
have made some of them as bright as the anilines.

Some of the aniline dyes--especially the acid dyes--do not naturally
soak up into the fibers and must be set by fixing agents such as size and
alum. Also, they are soluble in any temperature and if accidentally wetted
after finished, they will '"bleed," that is, the color will rub off. Papers

which are to be used for special purposes or made into particular products
should avoid such dyes.

5. Preservatives -- Where there are special problems from insects
and plant growths, it is possible to treat the stock so the opaper will re-
sist the ravages, although care must be taken not to unduly arfect the
color or other properties of the paper. Toxicity in the paper itself--
the effect such chemicals might have on human use of the paper, including
accidental chewing or swallowing--must be taken into due account. These
are matters to be explored with technically- qualexed persons in terms of
the existing condition.

AVOIDING WASTE IN PRODUCTION

While sometimes chemicals involved in the pulp and papermaking
process are on the expensive side, there are ways of recapturing or re-
covering many of them, in sizable amounts. This is both an expense factor
(in terms of equipment or labor necessary) and a savings factor (in terms
of what may be salvaged) which should be taken into account when the de-
termination is being made as to the process to be used in making the pulp.
(See Chapter 13.)

The processes generally involve special filters. However, there
is a simpler approach which will often avoid the problem: whenever
possible, the waste waters stould be reused in the same phase of the
process. In other words, water squeezed out of pulp to dry it for ship-
ment should be used to create the next batch of pulp, to take advantage
of the chemicals it contains. If the materials are all reclaimed toge-
ther at the end of the whole process, the sorting out of the various
chemicals and fibers involved may not be worth it.

TRANSPORTING PULP OF STOCK TO PAPER-PRODUCING UNIT

It will be suggested later in this Manual that the pulping and
papexrmaking operations might well be separate. To achieve this, the pulp
or stock must be prepared for transporting to the new location for paper-
lifting.

It is possible, by forcing the stock through a relatively simple
device, to eliminate most of the water and produce a lightweight moist
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Fig. 15. WITH WATER ADDED, THE STOCK 15 MLIXED INTO A SLURRY

brick or slab of pulp which can be carried a considerable distance and be
stored 1ndefinitely witnout damage or deterioration (esnecially if bacter
ial control is included in the beating, as necessary). Some pulps make
better dbricks than others, because ot their drainave characteristics. Cars
must be taken not to »nress the nulp too much, lest a felting action accur
ana a ncw pulping process ve necded o loosen the {ibers again.

The ultimate producer o7 the paver would obtain (perhaps buy) the
moist brick, take 1t to his paper-liifting unit, simply add water os
direccted, and mix thoroughly to make the slurry for the {inal pag. making
process. Fig. 15 shows the {iual process of mixing water into stock o
make a slurry.

As noted earlier, ii the nulp or stock were Hought Irom another
sroducer--perhaps even imported--it would come dried, often in a sheet
resembling bulky paper. This would be put into a beater (sometimes speci
fically called a repulper) to reconstitute the pulp or stock. If a small
vortion of this stock were then to be transported by o cottape p.oducer
to his own unit, it would be made into a brick in the same way as describes
above.



CHAPTER 7

Alternate Paper Lifting Processes and Equipment

Once the stock is completely prepared, as described in the previous
chapters, it is then ready to be made into paper. All the processes for
making the sheet itself involve substantially the same primciple: the
fibers and other materials in the stock are kept uniformly suspended in
water--i. e., made into a slurry--and then made to "felt" or bond together
into a sheet when the water is removed. The different ways this is done
affects the characteristics of the paper.

Against machine-made paper, true handmade paper has distinctive
and highly valuable characteristics, if made with care and quality. A
poor handmade sheet can be very poor indeed, not usable for its intended
purpose--but a properly-made hand sheet brings premium prices and is used
for the most extcting purposes, as for instance postage stamps and currency.
It is difficult to explain in words the innate quality of the best handmade
paper beyond its great strength and permanence. The technical terms are
yild" and '"cloudy,' meaning a non-uniformity of appearance that still has
quality, of the same sort that makes the hand-tailored variations of cloth-
ing superior to the regularity of machine-made suits.

The making of the sheet of paper itself by machine is not included
in this Manual because the size and complexity of the equipment involved
are such that the operation could not be classified as a cottage industry
by any definition. This is different from pulping and stock-preparation
equipment, since in some sizes and processes, these pulping and stock-
preparing operations might well be conducted as centrgl facilities for
cottage industry units.

Whatever degree of mechanization may be involved in obtaining pulp
and stock, therefore, the basis of a cottage industry in papermaking will
rest on the actual '"paper lifting" or sheet forming process. Until the
appearance of this Manual, this process consisted of a variety of ways by
which a skilled papermaker brought a screen (usually called a mould; com-
plete with its frame) into the stock suspension and induced the fibers to
felt into a sheet. Now, however, the '"paper box" offers an alternative
process to this traditional method. Both of the processes are discussed
in this Chapter.
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In either process, the first requirement is the same--to keep the
stock agitated, once it leaves the "beater room,'" until it is actually
formed into sheets. Usually, in the larger operations, the stock goes
to what is called a "stuff-chest," which is an enclosed vat partly filled
with water. 1Inside the stuff-chest is an agitator--a pole or paddle or
paddle-wheel of some sort--to keep the fibers moving about and continually
evenly mixed. This particular operation might well be mechanized if
possible, although by hard labor it can be done without power. Even when
the stock is transferred to the actual tub, vat or other vessel in which
the paper-lifting will take place, this mixing must continue, if a uniform
paper is to result.

The stock must be transferred' from the beater to the stuff-chest
and to the vat (or perhaps directly to the vat, without going first to be
stored temporarily in the stuff-chest). This transfer can be done mechan-,
ically--in the same way water is lifted from a river for irrigation--if
it is not possible to have the beater operation at a higher level than the
paper-lifting so that gravity flow may be used. 1t is reported, however,
that even in the most efficient handmade-paper mills of Japan, the stock
is placed in the vats without the help of mechanical means. It would seem
that in this operation, the application of even simple "materials-handling"
ideas and techniques would help reduce the labor cost of papermaking more
than enough to warrant the change.

[

Better paper formation takes place when the stock is warm--from
80° to 95°F. being ideal. A variation of more than 15 degrees from the
minimum or maximum (in other words, lower than 65° or above 110o approxi -
mately) will cause serious difficulties. For this reason, the vat in
which the stock is placed for the actual papermaking is often heated by
a pipe along its side or inside it, or by a fire underneath it, in cold
climates--~and kept under the shade in hot climates.

How much water should be added to the stock will depend upon the
kind of fibers involved and the kind of paper desired, as well as the
techniques applied to the paper-lifting. However, a solution containing
at least 75% water is probably the minimum. Where water is a consideration
because of its scarcity, it may be re-used, as will be noted more fully
later. In the modern Indian method of making paper by hand, some lime is
added to the water at this point.

THE HAND-LIFTING METHOD OF SHEET-FORMING

In some of the older techrniques of paper lifting, the beaten pulp
is floated on water (either in a dammed-up place or a running stream) and
the mould is worked there, without any need for a vat to contain the
stock solution. However, in most instances, a vat of some sort is involved.
This- can be a simple wooden tub of some sort or it can be metal, stone or
cement. Cypress wood is considered best. Depending upon the exact techni-
que, there are ledges of sorts along the edge or side of the vat, for
support of arms and equipment. The size of the vat depends mostly upon
the size of sheet made; it must be large encugh for the mould to fit into.
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Fig. 16. VATMAN AT HIS VAT, COUCHER IN THE BACKGROUND

The vatman, as he is called in the papermaxing tradition--or the
paper lifter, to be more precise--usually stands rather tnan sitting or
taking any other position; the work is hard, and the lifting action is
enough to take the full strength of the body. 1t is simple to say gen-
erally what he does, but it takes a paper lifter from 5 to 10 years to
really acquire the skill involved in making a strong, uniform sheet of
paper day in and day out.

What he does is dip the mould into the vat, at an anale; then he
straightens out the mould and brings it up to catcih an amount of the
solution on top of the screen, in the fence-like deckle. This is called
the "vatman's stroke." (See Fig. 16; the man in the frent, left corner,
is the vatman, just completing his '"stroke.'") Depending upon his skill
and the type and tnickness of paper being made, he gets enough stock the
first time, or he throws some of it off, or he repeats the process more
than once. As part of the process, he performs a series of ‘'shakes,'" or
twists of his arms or wrists, in all four horizontal directions (left,
right, forward and back) to felt the fibers better. The whole operation
takes only a few seconds. [If he does not do it right, he has a sheet too
thick or too thin, or wedge-shaped because the mould was tilted--and
perhaps weakly-felited besides.

Since it takes from 5 to 10 years to muster the vatman's stroke,
this has meant that areas without a long tradition of papermaking and
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Fig. 17. THE PAPER BOX AND SCREEN Fig. 18, (a) BOTTOM OPEN (b) VALVE-TYY»

thus without trained vatmen, have faced the necessity of instituting
long-term training centers and a delay of several years before acceptable
paper can be made.

THE PRINCIPLE AND OPERATION OF THE "“PAPER BOX"

This new device eliminated the need for the special skill in
paper lifting and thus opens the way for small-scale paper production in
any area willing to undertake the normal amount of research and techno-
logical development for a new industry using local materials. Besides
making possible the manufacture of paper in areas that are presently handi -
capped by lack of skilled vatmen, it even makes possible satisfactory
making of paper in schools for daily use.

The "box" is exactly what the name suggests, a box. The size of
its sides will depend upon the size of sheet it is to make, because it
is a few inches larger each way than the sheet size. The height of the
box depends upon the fiber used and the method of making the pulp or stock,
as well as the type of paper desired. On the average, it should be perhaps
12 inches.

On the inside of the box, near the top, a ridge of wood is fastened,
to make a tight resting place for the mould; when the mould is in place,
the screen should be about 3 inches from the top. The frame of the mould
should be fairly watertight against the insides of the box. Fig. 17, above.
shows the box, with dotted lines indicating where the mould rests across
the inside.

The box has a bottom which is watertight, but which can be released
to let the slurry out quickly. (There should be a tub or drain to catch
the released slurry ) Fig. 18 shows the box with the bottom open.

These are the steps involved:

(1) With the bottom closed, fill the box with slurry until ‘he

slurry is just over the screen in the mould.
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(2) Pour a measured amount of siurry into the top of the box,
stirring it as necessary to make sure the mixture is evenly distributed.

(3) Then let loose the slurry in the bottum of the box. This must
be done quickly, but without jerking the box itself. The bottom slurry,
rushing out, creates a vacuum which sucks the water in the top slurry down
hard through the screen, felting the fibers firmly on their way down. A
formed sheet is left on the screen.

(4) Lift the mould out, and couch the sheet.

The development of this box is a demonstration of how the techno-
logies of the East and West may combine to achieve a new useful tool. The
box is actually a combination of the old Nepalese or Chinese principle of
paper lifting and the mechanical test-paper maker used in American paper
mills and laboratories.

In the oid Oriental method, a mould was lowered into a vat of clear
water until the screen was partially covered. Then the slurry was poured
into the mould and evenly distributed. With great force, the mould was
then lifted out of the water, creating vacuum and suction action. The
American test-paper maker is a cylinder, with a valve at the bottom to re-
lease the water and thus make a vacuum. By adding this labor-saving action
to the Oriental action, the box is able to achieve satisfactory results
without the hard work and great skill involved in lifting the mould from
the water.

These specific points should be noted to insure the best operation
of the box:

1. It is important that the mould frame fit fairly tightly against
the insides of the box, so that part of the slurry will not go around the
outside of the mould frame and thus possibly affect the vacuum action.
However, the mould should lift in and out of the box easily.

2. There shovld be handles of some sort on the mould to allow it
to be lifted easily. When these are in the box, they should not fold
over onto the screen. As one simple solution, rope pulls may be attached,
long encugh to drape over the outside of the box when the mould is in
place, -1s shown in the accompanying sketch.

(3) when the slurry is poured in the bottom of the box, it should
fill to a point just above the screen when the mould is in place. If there
is too much vacuum created with this amount of slurry, the solution is to
make the box smaller or move the mould-rests further down into the box,
so that the screen will be lower and it will thus take less slurry to cover
it. The box will not work, however, if the slurry does not cover the
screen. Without slurry being that high, te form a closed top for the
screen, the measured portion of the slurry would simply strain through the
screen while it was being poured from the top.



-

%/

4. The instructions above call for filling the bottom part of the
box with slurry. While water could be used in the lower part of the box,
perhaps more easily than the slurry, the result would be a loss of valuable
chemicals and some small portion of the fibers as they escaped below the
screen and mixed with the water as it drained away. However, if there are
facilities for reclaiming these materials from the waste water, it will be
perfectly feasible--and perhaps much easier--from the paper-forming point
of view to use water in the box.

5. It is always a problem in paper lifting that the remaining
slurry after each lifting becomes more dilute because most of the water
drains back into the slurry after the pcortion of the pulp is removed. In
the box process, it is possible to overcome this problem scientifically,
in instances where the uniformity of the paper being made justifies. The
measured amount poured in at the top of the box can be increased each time
on a basis worked out to insure that the amount of poured slurry contains
the same amount of fiber and filler as before.

6. The box, as shown, has the entire bottom drop out to release
the slurry. Experimentation with certain fibers will show that less of a
vacuum is required, and that a trap or valve of some kind, with a smaller
opening, may work. This will be particularly true in the larger-size boxes
for the bigger sheets.

7. 1In those uses where the bottom of the box drops, the box must
of course be so held up above the vat or catch-all in such a way that the
bottom is free to swing quickly open without jarring against anything
which would shake the box itself.

8. Whether the slurry should be as thin as possible or as thick
as possible to insure an even distribution above the screen when it is
poured in, will depend upon the way the slurry is handled. The point is
to insure a uniform sheet by having the slurry uniformly mixed above the
screen. .

9. Inasmuch as the box represents a new technique, any experiments
and uses of the box will be helpful to others. Therefore, every effort
should be made to report fully and carefully just what fibers in what
solutions and with what strengths of vacuum prove to make the best paper.

Local Research Needed on Box

4

It is quite certain the box can make an acceptable sheet of paper,
one which is more uniform and perhaps stronger than that produced by hand
by any but the highly-skilled vatmen.

However, it should be made very clear that the box has not yet
been field tested on the same slurries as those used to form the best
handmade papers. It may prove to be that the felting action of the box
will produce a somewhat different paper than the hand-mouldinz operation
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--perhaps worse, perhaps better. (Also, box production may be slower than
the best that can be done by a skilled vatman.)

In any case, local research will be necessary to determine the best
combination of three variables in making paper in the box:

1. The best local fibers, how best beaten (to what degree of filli-
bration, etc.) by locally-available processes.

2. The proportion of water in the slurry, and the total amount cf
slurry measured into the box to make the kind of paper desired.

3. The amount of slurry needed below the screen to create just
the proper vacuum--not too weak or too strong--to felt the desired paper.
A "“wet" pulp generally requires more vacuum than a "free" pulp.

Once these variables are determined, it is relatively sinple after
that to maintain stanadaards that will achieve uniform sheets. All boxes
making certain-sized sheets (preferably with centraliy-provided moulds
and screens) will be of the same size, and thus filled with the same amount
of specified slurry below the screen. All producers of a certain kind of
sheet will be instructed to pour a specified measure of slurry into the
top of the box. And the resultant sheet will be uniform with other sheets
made in other boxes in other cottage units.

Different kinds of fibers, in different amounts in the slurry, and
with different amounts of slurry to create the vacuum, will result in
different kinds of paper. Since the increase in sucticn under older
processes tends to make a paper "wild," it is likely that this particular
variable can be controlled by the amount of vacuum created.

Some fibers which have been passed over because they cause certain
troubles under existing processes may perhaps be re-examined profitably
for the t : process. For instance, rice straw sometimes causes trouble
on the large-scale, mechanized papermaking machine; it may prove to be
fully satisfactory with the box, because of the different strength and
action of the vacuum. On the other hand, the box may create dertain diff-
iculties if the vacuum is too great. For instance, mineral dyes tend to
suck out of the bottom of a sheet if there is too much suction while the
sheet is being formed.

THE MOULD AND SCREEN

The mould or screen upon which the sheet of paper is actually formed
is the same for either the hand lifting or box process, although actual
operations may indicate that a certain kind of screen is better in the box
for a particular fiber.

As already generally described, the mould is a frame on which is
fastened a screen or mat of some sort to catch the fibers while the excess
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Fig. 19. THE LAID TYPE OF SCREEN Fig. 20. THE WOVE TYPE OF SCREEN

water drains “hrough. In the hand-lifting process, a "aoeckle! is used wi:'
the mould to hold the slurry on top of the screen until the water drains.
The deckle is not needed in the box process, because the sides of the box
serve the same purpose.

The frame is made of mahogany, white wood or oak, often reinforced
at the bottom by harder woods or a non-ferrous metal such as brass; at the
very least the corners are generally reinforced with metal. Depending upoa.:
the kind of screen the frame will ca.ry, there are supporting ribs across t}-
frame for the screen to rest upon.

The deckle is constructed of the same materials as the frame; it i
removable, either altogether separate or hinged. The height of the deckle
depends upon the amount of stock to be lifted. Its inside horizontal
measurements are slightly larger than the desired sheet size because the
paper will shrink somewhat upon drying. When the paper lifting is taking
place, the deckle is held tightly against the frame, to hold the stock solu:
tion inside it; usually the sides of the deckle are wide enough to let the
vatman have his thumbs there without overlapping the inside of the deckle
and thus affecting the formation of the sheet. Because some of the solutjior
gets under the edge of the deckle and thus '"feathers out" the edge of the
resulting shest, handmade paper has a "deckled edge" on all four sides--at
least until it is trimmed away, as it usually is. In Western countries
where handmade paper is a luxury item, the deckled edge is prized as dis
tinctive, and machine processes have been devised to make imitation (and
generally poor imitation) deckled edges.

The screen itself is of various types and materials. Traditionally,
and to some extent even today, in the Orient, the screens were fashioned of
bamboo, grasses and reeds, tied together with animal hairs or fibers. This
is called a "laid" mould or screen, with characteristic lines forming a
pattern such az that shown in Fig. 19. The very first screens were probably
a simple coarse cloth, however, and in some processes such as "wove!" screeu-
(Fig. 20) are still used--the Japanese to some exte- it using a woven horse-
hair mat resting on top of a laid mould. Except f£cr this Japanese wove
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mould, it is difficult or impossible to use the Oriental cloth woven mould
in a vat operation, because it sags too much under the force needed to lift
the stock solution. (Where used in the Orient, this type of mould is part
of the process of paper lifting from pulp floated on water.) Modern wove
screens are made of metal wire--stainless steel is best if it is fastened
to the frame and need not be flexed. Aluminum, brass or other wires except
common iron wires are also suitable, but iron wire is not because it will
leave rust stains in the paper. Plastics may be used as the "wire," and

it is possible to mould a whole screen in one piece of plastic, particularly
where flexibility is needed. 7The reason some screens must be flexible
while others need not be is explained in the next section on the "“couching"
process.

The moulds and screens are of two basic types, rigid and flexible.
The rigid mould has the screen fastened to it, so that the two are really
parts of on: tool. The flexible mould simply has supports enough, as part
of the frame, that the screen or mould cover can be lail across the top of
the frame for taking off with the sheet of new paper and rolled up (as
part of the couching process, to be explained next). Sometimes the deckle
is hinged to the frame to allow the screen to be slipped in and out.

Especially in the woven screens, the numbers of wires to the inch--
and thus the size of the openings for the water to drain trhrough--depend
upon the fiber and technique again. In Amer’ican machine paper-forming,
the following meshes to the lineal inch are used (i.e., to find the number
of openings in a square inch, multiply the number by itself). pulp, 18-40;
building board, 8-40; board; 40-60; roofing, insulating, wrapping papers,
18-70; newsprint, 60-65; book, 65-80; glassine, 65-75; sulphite bond,
65-75; rag paper, 60-75: rissues, 70-225. The thickness of the wire used
varies considerably. It is obvious that the best mesh for a particular
fiber and desired paper will have to be determ' ned locally.

It is, in fact, perhaps worth considering whether the government,
Pulp and Paper Institute, central facility or cooperative might not make
such a determination on behalf of all papermakers working together, so
that a uniformity in size and quality might be more closely realized. These
screens could be metal or plastic and made in quantities; or, of courss,
they may provide a cottage industry in themselves, to produce screens in
quantity and uniformity.

PUTTING A WATERMARK IN PAPER

Watermarks are the thin patterns or words which can be seen in a
sheet of paper when it is held to the light. They are made or caused
simply by placing a raised surface on the moulding screen, so that less
stock can settle at that point--with the result that the paper is thinner
there, and thus more translucent.

All that is required to make a watermark on a sheet, therefore, is
a metal (or plastic) device, raised in the pattern which is desired for
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Fig. 21 WATERMARK DEVICE ON SCREEN

the watermark. In other words, if
the wcsd "RAGY is to appear as a
watermark, the letters would be
fashioned of bent wire in the size
and style desiicd. These, then,
would be fastened to the moulding
scr2en, on the side which receives
the stock suspension. rig. 21
shows the mould screen with the
device attached. Fine wire is used
to hold the metal figure to the
screen. While the device can be
removed without too much trouble,
to put on a new watermark for the
next customer, probably a paper-
maker snould have a different screern
for each watermark he uses with any
frequency. [Lf he has a complicated

device he is likely to use again, probably he should not disturb it. The
various purposes which a watermark can serve in a small-scale industry are

discussed on Page 207.

CCUCHING THE SHEETS

After the fibers bive felited on the mould or screen, to make the
still-moist sheet of paper, the usuuil next step is to transfer the sheet
to some other support, so that the mould can be used to make the next sheet.

3
~—

Fig. 22. COUCHER PEELING OFF SHEET

-87-

Some processes, it is true, leave the
sheet o»n the particvlar screen until
it is more or less dry--in wnich case,
a number of screens are needed. How-
ever, in most processes, ''couching"

is a necessary operation, performed
in one of two ways depending upon the
type of mould. If the mould is rigid,
the mould is deftly turned upside
down so that the sheet will fall oft
without damage. Depending upon the
kind of fiber and its treatment, it

is put onto a piece of felted cloth
or upon another fresh sheet of paper
wi'thout cloia interleaving. If the
mould is flexible, the sheet and
screen both are taken off in this way,
witn the screen landing on top; the
screen is then rolled up as a mat,
leaving the new sheet of paper f{lat.
Fig. 22 shows the flexible screen
being lifted off. Sometimes the vat:
man does this cperation himself, but
it is more efficient to have a
'couch:r" do it, leaving the vatman
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CHAPTER 8

Alternate Finishing Processes and Equipment

A sheet ot paper can be dried and fianishes simply by letting it
stay on the movlding screen in the air antil dariod, as has been noted,
and as 1s snown .. Fig. 230 However, 1t 1s possible Lo apply a variety
af nrocesses to the dryving and finishing ol the sneet, to achieve quite
dliferent "Iianishes'! or surface characteristics, and even alicoct the

internal structure and properties ot the sheet. Some of these processes
are quite rudimentary, and some are guite elabcorate and involve complex
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Fig. 23. SHEETS OF P.\PLR DRYING CN THEIR SCREENS WITHOUT COUCHING
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machinery--deperding upon the "Iinish'" desired. Fortunately, for many
ases, the finishes which require little or no miachinery are cven morce
desirable than the machine-precisioned finishes shich reguire the heavy
equipment.

THE DRYING PROCESS

After the sheet is couched, there stiil is a good deal of water
remaining ic it, and 1n most cases also it is too tragile and weak to

allow handling A numbuer of steps are required to ciiminate these condi-
tions
The pressing -- First, the "post" ot sheets is pressed to get out

ail the water that can be removed. This varics from such methods as
putting heavy weights such as stones (or peanle) on a board on top of the
post, to quite powerlul hvdraclic presses. One fairly simple prezs employ-
ing le.erayge is shown in Fiyg. 24, as 15 also the basic screw press, Flg. 2%,
The e juipment required will vary with the kind of fiber and paper, the num
ber or sheets in the tost, the climate, the kind of drving cquipment usea

in the later -peration,

Ordinartly, nressure is applied slowly so that the sheets will rot
be crushed. Fibers reguiring felts need more pressure than otherwise.
Usuallyv, also, the water is mechanically stroked away trom the edges of
the felts which stick out past the sheets--because this loose water would

imply be soaked back once pressure is removed. The length of time the
pressure is maintained depends upon the particular action of the sheets,
in Japan, wovrking with tamo, the load is held for about 14 hours to permt
the mucilage to ferment and thus help the separation of the sheets (which
do not have felts between them).

There is a difference in drying between soaked felts and fairly dry
felts, because the wet tfelts involve pressure as such, whereas the dry ones

.

Fig. 24. PRESS USING LEVERAGE Fig. 25. PRESS USING SCREW PRESSURE




tnvolve capillary action. There i3 also a difference between trying to

do all the pressing in one long, heavy effort or doing a serivs of pressj o
For one thing, a second. "dry" pressing will inake the paper smoother--.and
the longer the puper is under the press, the smoother the paper tends to
become.

Repeated pressings, chanying the order of the sheets in the post cadch
time, will continue to improve the surface or the paper.

Left-dryving -- After the sheets are pressed as dry as possible, om
way to complete the drying is to hang the sheets on lines or poles or on
flat canvés trays in a house or other closed area., and then change the
temperatiure humidity 1n the room to insure the proper amount and speed ot
drying. Ordinarily, this means that the drving starts in a cold room, with
the temperature then being rassed to 90° or 100°F., there should be some
louvres or other vente by which the moist air may escape. 1f the tempera
ture drops or the moist air is not removed, the paper may stain and lose
its value. This process sometimes continues for some davs. Afterwards,
with the temperature returned to normal, the paper remsins some days longe
to "mature." In countries with hot and humid climates, the drying condi-
tions and t.mes may be varied considerably. 1t may prove to be the case
that other methods are preferable.

The sheets are usuaily dried in groups of 4 to 8 hung together on
a line or over a pole. This prevents the wrinkling which occurs when they
are dried separatelyvy. [If the sheets should be wrinkled anvhow, they can
be put back under the ;ress to be smoothed dovn. Formerly, the sheets wert
dried over cow hair ropes in many instances; this made the paper flair out
so now paper ts orten dried by holding its cornerz.

Paper which is loft-dried tends to have a rougher and harder surfac:.
a more cockly appearance, and greater strength than machine-finished paper.
This is because it has no tension when it is being dried and has not had
the smoothing eficvct given by the paper machine.

wall-drying -- A technigue {or drying which is quite common in the
Orient involves spreading the pdper flat against boards or brushing it
against smooth masonry walls in the sun. Depending upon climate, this ma:
take about two days. A improvement on this technique is the use of two
parallel walls, with room between for a fire which heats the walls and thwe
speeds the paper-drying (Fig. 26). When the sheets are -all-dried, they
are held rigid ard {lat, with the result that one side o. the paper is un-
usually smooth, especially if the surface of the wall is polished. The
other side is cough and bears brush marks {f it has been brushed on; if
a rubber rol'er is used, the difference between the two sides will be
minimi zed.

cmproved wall-drving -- An improvement in the wall technique, one
which can be used indoors, is shown in the photograph, Fig. 28. It con-
sists of two sheets of iron, making a narrow tent or ianverted V at the e
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Fig. 26. DRYING WALLS, FIRE BETWEEN Fig. 27. [IRUN DRYER, FIRE BETWEEN

with the ends sealed; the fire is built at one end, and a {lue takes the

gases away at the other, witin the warm circulating air inside heating the
walls on whica the paper is pasted.  Steam can also be ased. It is possible
to make the drver oI inexpensive wood and plaster, or even mud mixed with

oils (those that w~ill not soak into the paper). The walls are polished to
make their surface verv smooth.

Iron drvers -- The Japanese and some few other papermakers now use
iron drvers as «well as the wall-drvers. One type consists of two sheets
of iron lying horizontal about a foot apart, slightly curved, with coals
burning between thc two sheets, Fig. 27. After the paper is pressed, it
is spread on top ol the upper iron sheet with a large brush, and it dries
almost instantly.

It is important that paper be properly dried--vhich means neither
too muchh moisture retained nor removed. I{ too much is removed, the paper
is brittle and unstable, since contact with moist air will enable it to
scak up water and thus curl at the edges. Over-dried paper is also more
likely to develop trouble from static electricity, particularly trouble-
s.me to a printer. Paper whi-in is too moist will wrinkle.

SURFACING OR FINISHING OF SHEET

Once the paner is thoroughly dried, the final operations are per-
ormed to make the surface otf the sheets capable of serving their intended
purpose. £, for iastance, it is a writing paper, it must take ink, and
therefore it is sized. 3Similarly, it must be smooth, s0 that must be
achieved by chemical or mechanical means. There are three principal types
of finmishing: (1) sizing, () mecharical smoothing (or texturin:) of the
surface, and (3) coating with chemicals. (E:xcept for specialty papers,
this is not feasible for hand processing, and is not discussed here. See
Chapter 9.)
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Tub siziny -- Fven though the paper may have been engine-sized (see
Pare 73) and especially if it has net, paper is "tub-sized" after 1t is
dried. The word comes from the fact that the process ~as originally done
1e tubs or wvats, although now it is often accomplished by o machiw . Firliae
starcies or animal glae are used as the chemicals; the rosins of the vas e
stzing are nat sultable. Glue, beins more exponsive, s generaliy bimi toed
to higsh gquality writiog papers.  Starches may be derived from such arains
and roots as corn, rice, wheat, notatoes, cassava, Lapiloca; special starcies
made by treating orainary starches «ith acis and alkaline solutions, <an
be used for high-grade papers. Animal sice is really o solution ol pelatine,
prepared by scaking animal hides in water, although commercial olues can
be mixed i, The preparation of animal sive 1s exacting, because 1t can
appreciaply artect the quality, color and strengta of the paper.

e avairlability >0 sizing chemical and solutions 1s itself the basis
Tor o Cottoce industry to support the papermakine industry, if the scale s

Larse enough.,

The result of tub sizing is to make tne paper tougher, while making
the fibers more flexible, so that the finishing neration can achieve a fiae,
smooth suriace.

Fig. 28. MODERN VERSION GF DRYING WALLS: FIRE AT ONE END, VENT AT UIHER
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Paper to be sized must be dried, but no too drv (about 85 to 907
bone dry, i. e., 1O moisture maximum). Either too dry or tho moist, it
will not absorb rhe size properly. The amount of tub sizing that the paper
can abeirb depends also upon the amount of engine sizing previousiy done.
Generally, rhe more engine siting, the less surface size is nceded. While
it 1s cheaper to do engine sicing, and while the rosin sice will give the
paper resistance to moisture and limit the sorcad of writing ink, rosin
sice does not help achieve Zincness of surtace or the ability to withstand

S5
repeated erasing, as does tub size.

)

I

¢

Originally, the sizing was done simply by dipping a dricd shect ot
paper in a tub of wanmn or hot size and lifting it out to drain; then it was
huag up to dry again. A good workman could spread a number of sheets at
once and be certain that they all were in contact with the size, by dipping
them into the size on sticks. After that, the sheets werc piled together
and put through a press, wb ch salvaged some of the size for re-use. This
practice, however, casused a great deal of damage to the sheets, so much so
that the sizing room of the carly Occidental paper mills ~as known as the
®siaughter house."

Today, the sizing is done better on a machine composed ot a flat
trough or vat (in which the liquid size is contained) and an endless felt
passing through it on rollers. Sheets put on iy felt go into the size
and come back up fully covered with the size.

The drying of{ animal-sized papers requires great care; loit drying
is best at low iLemperatures. This brings out very {ine qualities in the
paper. [If this is not possible, warm blasts of air can speed the drying.

Glazing -- A smooth stone such as an agate, or a big conch shell,
has been used from early days to burnish a smooth surface on the paper,
making it almost glass-lile. This action also makes the sheet better able
to take ink, by closing the fibers together on the surface. At the very
least, it serves ta rub away any obvious surtface defects such as loose f{ibers.

A less arduous method of achieving the same purpose is the use of a
glazing hammer, and it provides a mere uniform surface. ’isually powered by

1

GLAZING
BOARD

AGATE

STONE

CONCH g

SHELL

Fig. 29. GLAZINC TOOLS Fig. 30. A CALENDER
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water, through leverage, this was a large hammer weighing at least 50 pounds
which rose and fell on an iron plate or anvil, on which sheets of paper
were placed.

The glazing tool--agate, flint, onyx--is ideally from 3 to 6 inches
in length, about 2 1/2 inches in width and an inch thick, with the bottom
cut at an angle to help it move over the paper (Fig. 29). In early days iun
Europe, women were said to be able to glaze up to 3,000 sheets a day this
way. It was found that adding a little taliow or grease would make Lhe
stone slide more easily; and while this was true, not only did not smooth
the paper but damaged it by rubbing in the greasv substance This is not,
therefore, a labor-saving device which should be encouraged.

Calender -- The successor to hand glazing has been the calender--
in 1ts simplest form a pair of wooden rollers through which a sheet of
paper passes under pressure and is thus smoothed (Fig. 30). Improvements
have been made in the surfaces of the calenders, in the introduction of
heat to the rvllers (heat makes the fibers easier to affect and smooth down?

and in the ability to adjust the top roller to take different thicknesses
of paper. '

CUTTING AND PACKAGING

After the paper is completely processed, it should be trimmed to
the required uniform size and then neatly packaged to prevent damage to
the sheets (especially at the edges), as well as to make the product nore
attractive in the marketplace. However, in the early stages of a cottage
industry, it may be that chese operations can be dispensed with. Certain-
ly there is still paper ' :ing made and sold in the world today which is
simply rolled up and delivered to the printer, who does his own trimming.

If the paper is being handled by some centralized agency prepared
to control quality, there should be a sorting and inspection operation,
and a way of marking acceptable papers under a trade mark or other device.
(See also watermarks, Page 207). The defects which occur in paper and
which make the inspection necessary are discussed in the next chapter.
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CHAPTER 9

Paper Properties

As a comtined result of all the steps taken in the making of
paper, the finol product emerges with a very definite set »f properties
or characteristics.

It may give cthe reader a summarvy of the preceding technical de-
scriptions to indicate those materials and operations which have the most
effect on the ultimate character of the pap. “:

1. The choice of the fiber--its initial properties and the con-
dition in which it was first received.

2, The type of pulping process used.
3. The kind of sizing, the quality and amounts used.
4. The type of bleaching, beating and refining.

S. The amounts and kinds of filler or loading, and how intro-
duced. .

6. The kinds and amounts of water used.
7. The kinds and amounts of colcering used.
8. The presence or elimination of extranecous substances.

9. The technique of paper 'ifting, and the thickness built up
in the forming process. :

0. The degree and length of pressing in the water removal.
11. The kinds and length of drying.

12, The techniques of finishing, including coatings, and the
kinds of materials used.

13. The care in cutting and handling.
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14, The care and suitability of packaging.

15. The care in transporting.

16. The care and conditions of storage.

From the differing combinations of the above come the different
properties of the paper. While there are perhaps as many differuvnt propet
ties as there are multiples of the processing variables, tn general it is

possible to group them under these four types ci characteristics:

l. Surface characteristics (the texture, the color, the way the
paper reflects light, etc.)

2. Physical characteristics (thickness, weight, opacity, length
and width)

3. Mechanical properties (strength to withstand tearing or
pressure, etc.)

4. Permeability properties (ability to withstand or accept
fluids, temperature changes, etc.)

It {s important to take such properties into account, both in the
planning of papers to make and in the production. The market will usually
be interested in paners of a certain kind; or at least if a paper is sold
under a grade classification that indicates it has certain properties,
there doubtless will be trouble if the claims do not prove true.

PRINCIPAL PROPERTIES

The principal properties which handmade papers may possess are
listed below. Not all papers will have even a majority of these pro-
pertics, and some are mutually exclusive. In addition, some properties
listed are primarily scientific distinctions set up for testing purposes
(see Chapter 10). Where a term in the definition is underlined, that
word too is defined in the list. To keep the definitions short, it
should be urderstood that a sheet of paper is meant in each instance:

(]
Abrasiveness -- scratching or cutting texture of the surface--good in

sandpaper but bad in printing papers because it causes undue wear of tync.

Absorbency -- ability to soak up liquids.

Air permeability -- ability to allow air to pass through sheet (so
package can "breathe") or keep it from passing through (to retain odors,
flavors).
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PROPERTIES OF'_PAPER

Apparent density -- the weight of the sheet, figured by dividing the basis
weight by the thickness or caliper.

Appearance -- the way the eye sees such properties as the color, finish,
cleanliness and formation.

Basis welght -- the weight of the shect, tijgured on a standard "basis,"
usually a certain size for one 500-shect ream; see also Introduction to
list or paper grades on Page 105.

Bending strength -- ability to keep from breaking under an amount ot bending.
Bonding strength -- ability of sheet to withstand "picking" tendency of a

sticky printing ink to lift part of the surface away.

Erightness -- ability of the sheet to reflect light,

Brittleness -- ability to withstand breaking by bending; refers to casy
breaking under little bending, as distinct rom bending strength (e.z., an
old piece of paper may be brittle).

Bursting strengtha -- ability to withstand breakiayg under pressure.

Caliper -- thickness of a sheet, usually measured in thousandths of an
inch.

Color -- the diflZerent zones, hwes, nigmentations of the sheet; also means

"cood" color when white and clean, or '"poor" color when yellowish or dirty
white.

Composition -- genvrally what the sheet is made of, and how it is formed.
Compressibility -- ability of a sheet to take or withstand pressure, as in

printing.

Compression strength -- see compressibility.
Contraction -- ability of the sheet to shrink with drvness or cold, as

distinct from expansion with moisture or heat.

Contrast ratio -- the amount H{ lig“t which id rertlected by a sheet when
laid on a black suriace, vs. tae amount reflected when laid on a white
surface.

Creasing strength -- ability to retain tensiie strengthi after being creased.
Curl -- tendency ot sheet to wave or warp in unusually moist atmosphere.
Necklie-edge -- the thin, feathered edge of a handmade sheet, caused by con-

struction of paper lifting equipment.

Deiects -- see list following, on Page 116.
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PROPERTIES OF PAPER

Density -- see apparent density; not to be confused with porosity.

Dielectric -- ability to resist conducting electricity (generally a res it
of presence or absence of conductive foreign elements in the paper).

Dirt -- presence of forelgn matter in sheet with a marked contrasting
color,

Durability -- ability to keep its origiral propersies under continual
usage; not to be contfused with permangcnce.

Elasticity -- ability to revert to original shape after deforming pressuic
is removed; not to be confused with stretch.

Electrical conductivity -- see dielectric.
Erasability -- ability of a sheet to withstand erasures in rorrecting

writing or typewriting, i. e., to keep suitable appearance despite erasuv..:

Expansion -- see contraction.

Extensibilitvy -- see¢ stretch,

Feel -- the general reaction of a paper to the touch, in terms of its
finish and general quality.

Finish -- the general term for the different textures or surface proper
ties of a sheet. Sece list following, on Page 102.

Folding endurance -- sce bendiny endurance; the difference is that folding
is a harder punishment.

Formation -- the way the solid substances of the sheet have come together,
whether uniformly or in "bunches" or "clouds," and affecting many qualities
of uniformity.

Fuzz -- rough surface caused by fibers sticking out from the surface of
sheet (this is generally a defect).

Gloss -- the abilitv of a surface to reflect light, especially in considc.
able degree due to a polished surface.

Grain -- the predominant direction in which the fibers lie; handmade papers
seldom have it.

Greaseproofness -- ability to present the passage of greases and olls through
the sheet.

Hardness -- ability to withstand markings by objects pressed agalnst shee!
also, stiffness, hard to crumple in hand, or producing a strong rattle.
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PROPERTIES OF PAPER

Hygro-expansivity -- ability to expand or contract when its moisture con-

tent is changed (see contraction).

Initial tearing strength -- abilifty to resist the start of a tear
edge of a sheet,

Ink absorption -- ability to "take" printer's ink, either t.: soak

at the

it up tfov

quick drying, as in newsprint, or to keep it on the surface, Zor certain

gqualities of printing.

Loading -~ the amount of mineral matter such as clav used as a filler in
making the sheet. .

Luster -- see gloss.

Meat juice resistance -- the ability of a sheet (usually wrapping paper)

to keep the blood of butcher's meat from scaking through.

Moisture content -- the percentage of water in the shect.

Moisturc-nrooiness -- the ability to prevent moisture Irom soaking through

a sheeat.

Mold proofness -~ ability of paper to withstand bacterial growth.
Odor-prooiness -- ability of sheet to prevent odors {rom passing t

Odor -- the "smell" which a sheet may have.

hrough.,

0il absorption -- the ability ot a sheet to soak up oil.

0il content -- the percentage ot oil which a sheet may have.

Pattern -- the design or formation or redecorative eifect of some surfaces.
Permanence -- ability of paper to retain its properties over long neriad

ol time.

Permcability -- the resistance ot a sheet to the spreading-out of a lijuid
or gas which soaks into the paper.

Pigmentation -- amount of color on the surface of a sheet; the amount of
actual dveing substance in the sheet.

Ply adhesion -- the bonding strength of two or more layers of sheets of

paper laminated or Zlued together in some way.

Porosity =-- the structure of the sheet in terms of the existence o con-
th

nected air voids, and the sice, shape and relationship of
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'BROPERTIES-OF PAPER

Printing opacity -- the ability of a sheet to prevent the printing on vue
side to show through to the other.

Printing nroperties -- a collection of different properties which atftedt
ability of a printer to handle the sheet and get the desired printing resuic

Printing smoothness -- the degree to which a sheet has no unevenness of sut
face to prevent the printing type from leaving a corplete and @ven impressioe

Protectivity -- the ability ot a sheet to prevent alteration to priating o
writ (ng on the surface, or to reveal that such alteration has taken place
(for bank checks, iegal papers).

Rattle -- the degree of noise which a stect makes whea 1t s shaken--as
evidence of stiffess, hardness, tvpe of !liber, motsture content, etc.

Reflectan.e -- the ability of a sheet to reflect light.

Resilience -- ability of a sheet to recover rram o distortion of its shape
(see elasticity).

Resistance to penetration by a liquid -- ability te nrevent o Liguid from
penetrating the surface of a sheet, or from sovaxing through.

Resistance to wear -- ability to withstand abrastion, or more yzoaerallw an.
kind of use.

Scufi resistance -- ability to withstand the hard rubbing >7 an abject ot
a specific point.

Shearing strenzth -- ability of sheet to resist cutting.

Size, sizing -~ ability to resist penetration of liquids or vapors,
especially water, because of sizing chemicals which are part of the paper
(not put on the surface later).

Smoothness -- the degree of variation from an "absoluteiv! flat surface.
Specific volume -- the volume per unit mass of paper measured nder stan-

dard conditions.

’

Standard sizes -- the width and length of a sheet, in terms of agreed-apon
sizes.

Stiffness -- the ability to resist bending.

Strength -- see various xinds of strength: bending, bonding, eto.

Stretch -- the ability of 4 paper to increase its length under tensile st

or pulling; this is important in prirting and wrapping.
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PROPERTIES

Tearing streagth -- ability to withstand tearing (see initial tearing

strength.

Tencile strength - ability tu withstand pulling.

Texture -- the feel of the surrace to the touch, or the appearance of
pat:erns or irregulatities to the eve; generaliy, sce list of finishes,
below.

Thermal conductivity -- ability to conduct or resist conducting heat.

Translucency -- degree to which light may be transmitted thvrough a sheet
(as distinct from transparent).

Transparent ~- degree to which objects can be seen and distinguished
through a sheet.

Vapor permeability -- the ability ot a sheet to allow or resist the pass-
age of vapor. :

Water absorption -- ability to soak up or resist soaking up water, spaci-
fically.

Waterprooiness -- ability to resist penetration by water.

Wet tensile strength -- the ability of a shee. to withstand pulling after

being wetted, either temporarily (as in towzls) or permanently (as in
vegetable parchment).

Wettability -- ability of a surface to absorb a particular liquid (as a
desirable quality).

weight -- see basis weight.

VARIOUS FINISHES OF PRINTING AND WRITING PAPERS

The "finish" of a sheet ot paper is the texture or pattern of the
surface, and aside from its aesthetics, it is important because of the
effect it has on printing and writing.

The following list of finishes indicates in general the major types,
together with some of the printing uses. (Although the printing terminclogy
is too complex tc be explained in this Manual, the data may be of use to
persons involwved in the printing processes. For the same reason, {inishes
which cannot be satisiactorily achieved by hand papermaking are neverthe-
less included; the producer or marketer of handmade paper will at least
have some rererence to the full range of finishes involved in printiang.)

Antigue -- suxface relatively rough, usually on bulky stock. Excellent
for oldstyle type awd line engravings by letterpress, not suitable for
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 FINISHES OF PAPER

halftones letternress. Some are suitable for offset halftones and shect
fed gravure. Good for books, folders, booklets.

Coated -- generallv papers with a substance covering the basic stock, tu
make it smoother or glossier for improved printing quality.

Cocklie -- a ripple-like and slightly-polished finish on tairly hard-
surfaced writing papers.

Dull coated -- coated for good printing surface, for fine-screen halftones
letterpress, but with a minimum of gloss.

Duglex -- the two sides are of diiferert color or fintsh, as a blotter wi:ih
a coated side for the message.

Eggshell -- finish that feels about ltke an eggshell, witn same printiusg
qualities as antique.

Embossed -- papers which have decorative designs or patterns of various
kinds impressed in them (e.g., a basket weave).

Enamel -- a highly polished coated paper, usually on one side (although
term is becoming used to mean any coated stock).

English finish (E. F.) -- smoother than machine finish, less than super-
calendered, is low in gloss; takes letterpress halitones up to 120 line
well, is used widely in magazines.

Glazed -- a high!y-»nolished paper, in book, bond, cover, boards and scme
wrapping papers; generally they have a burnished appearance.

Gloss -- a paper that reflects light (i. e., from a shiny surface).
Laid -- a watermark effect in paper consisting of thin lines running 10

to 15 to the inch in one direction and a heavier line running approxima-
tely at one inch intervals across. Generally limited to better quality
writing papers and text printing papers, in machine-made papers.

Leather finish -- simulates leather in feel and appearance, and to some
extent in durability.

’
v

Machine coated -- a paper coated as part of the basic papermaking opera-
tion, and thus less expensive (and iess coated) than regular coated stocks
Takes 120-line letterpress halftones.

Machine finished (M. F.) -~ in smoothness, between eggshell land E. F., good
for letterpress halftones up to 100 (or maybe 110) line screen.

Machine glazed (M. G.) -- glazed on the papermaking machine, and thus glarca
only on one side.
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FINISHES* OF PAPER

Metallic coated -- coatings of a wide variety of metalllc or metal-simula-
ting surfaces.,

Mosaic finish -- an embossed finish, like mosaic tiles.

Paneled -- a very smooth finish, technically produced by pressing against
flat plates (as distinct from supercalenders), but with a wide range of
surfaces from quite dull to quite glossy.

Parchment -- paper finished to simulate parchment in feel and appearance.

Ripple finish ~-- glossy but roughish, and with fairly definite indenta--
tions that cast a different shade of light.

Safety -- surfaces treated chemically to show up erasures, alterations,
etc., in checks and other negotiable papers.

Satin finish -- finish with the smooth feel of satin; not too good for
halftones in letterpress.

Smooth -- a paper which is without indentations that would affect its
printability, particularly in letterpress halftones.

Supercalendered -- mechanical smoothing under pressured rolls, providing
a finish varying from the highest E.F. to a highly-glazed surface.

Unglazed -- machine finish papers with a lowv degree of smcothness,

Vellum -- a very smooth and soft (calfskin) finish.

-

Wairus iinish -~ tough-looking grain, by embossing.

Wove -- a paper that does not show the wire marks which sometimes result
from the papermaking process. Most paper i3 wove today.

CrALES OF PAPER AND BOARD

. m e

As noted in Chapter 2, the various properties listed above, when
combined to best meet specific purposes, have gradually been recognized
as "grades" of paper. While the classifications keep changing with the
development of new types of paper and new needs for special papers, and
as demands change the relative importance of the various sub-grades, in
general the following classification of grades will afford a general re-
ference to the types of paper produced with more-or-less standard char-
acte.istics. While some grades of paper which cannot be made properly by
hand methods have been omitted, it may well be that certain of the grades
included in this list are not practical under the particular local condi-
tions., Those wiiich perhaps lend themselves best to small-scale manufacture
under varying conditions ar: indicated by an asterisk (*) before the grade
name.
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Insofar as practical, the information below includes the U, S.
practice or standards in "basic weights,” as well as the other distin-
guishing properties of the differmnt grades. The basic weight of a shee!
of paper is the method of identifying the degree of weight of the paper-
not the actual weight of a particular piece, which may be cut large or
small and thus have an actual weiglt that would not be too meaningful for
reference purposes. By the basis weight system, a "30 pound uncoated
printing paper'" means that 500 sheets of this particular kind of paper in
the "basis size" (which happens to be 25 x 38 inches) will wveigh 30 pouuds
In the list below, this is indicated by 30# (25x38) with the ream of 500
sheets being understood. Where varying basis weights are usual, the rangeu
is indicated.

Separate lists are presented in this Manual for specialty and con
verting papers (defined below), and for paper products which may be made
made for handmade paper. There is a good deal »>f overlapping among the::
distinctions, with some duplication being used to make each list reasonat.:
complete in itself.

* ABSORBENT PAPFR AND BOARDS -- general term for soft and loosely felted
papers which have the property of absorbing water, solutions, or special
chemicals. They are not siced with rosin, wax, or other water-repellent
materials, but may be treated with synthetic resins or the like to enhant:
their wet strength. Among the papers included under this term are blot-
ting, filter, matrix paper, toweling, and the base papers for manufactuire
of vegetable parchment, artificial leather, vulcanized fiber, and many
other processed papers such as those used iIn the manufacture of varlou:
types of paper-base plastics.

* ACCOUNT BOOK PAPERS -- typical ledger papers used in account books, madc
of rag pulp, chemical wood pulp, or a mixture of the two, usually tub
sized and supercalendered. Normally made 24 to 36# (17x22); essential
characteristics: good tearing strength, erasability, good ruling qualities.

* ALBUM PAPER AND BOARD--BLACK, COLORED -- principally used for making photc
graphic albums. Made in solid colors, particularly black and gray, 50,
65, 80# (20x26). A soft surface which takes paste without cockling essen-
tial. Also free of impurities which discolor the photographic print; the
color should not rub off.

ANNOUNCEMENT -- fine stationery, paper or cards; panelled or plain, for
matching envelopes.

ANTIQUE -- any paper with an antique finish.

* ART COVER ~-speclial decorative pover paper, used for announcements, greet-
ings, holiday cards, and the like.

* ART PAPER -- fancy figured paper used by bookbinders for the end sheets anc
flyleaves in books. (Also highly coated stock unsuitable for handmade-p.p. .
industry.)
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* ART PARCHMENT -- hard-sized, heavy sheet of rag or chemical wood pulp, with
color, appearance, and surface reminiscent of the old vellums. Particular-
ly adapted for diplomas and documents where heavy paper is destired.

BACKING PAPER AND BQARDS -- Thick paperboard placed in the backs of mirrors,
pictures, etc., or used for partitions in furniture. Generally pasted or

unpasted, rigid to prevent warping. May be lined or colored on one side to
give the desired finish. ‘

BAG LINERS -- (1) inner liners of bags used for packaging coffee, tea, etc.
Glassine, greaseproof paper, waxed papers, or vegetable parchment frequent-
ly used for this purpose in order to retain oils and flavors in the pack-
aged material and to exclude odors. Range from 25 to 35# (24x36). (2) lin-
ers of paper in bags of burlap or cotton to prevent leakage and exclude
dampness and dust. Usually of creped kraft and are sometimes waterproofed
with asphalt.

BAKERS “RAP -- lightweight wrapping paper used for wrapping baked goods.
Usually made from bleached sulphite or sulphate pulp from 20 to 25# (24x36),
usually glazed. Significant properties include a reasonable strength, a
high finish, a good white color.

BALING PAPER -- zeneral term applied to any heawvy paper used for covering
bales to protect the contents. May be reinforced with cloth fabric (cheese-
cloth) which is pasted to one side after it has been coated with asphalt,

or it may be crinkled, corrugated, or treated with asphalt.

* BANK-NOTE PAPER -- bond paper to be converted into bank notes or currency.
Made principally from good rag pulp, sometimes may be mixed with purified
chemical wood pulps. Range from 20 to 244 (17x22). Excellent strength
and resistance to wear the most important properties. Sometimes termed
currency paper.

BEAVERBOARD -- originally a trade name for a laminated wood-pulp board;
now a general term ror any type of rigid wallboard.

BENDING CHIP -- paperboard used for manufacture of folding cartons Made

of waste papers and by definition must endure a single fold to 180 with-
out breaking or separating the plies.

BIBLE -- high quality book paper in very light weights and thin sheets,
with good opacity. Ordinarily for letterpress (and gravure), but can be
made for offset. Smooth enough for 120 line screens. Basis 25x38.

BINDER'S BOARD ~- single-ply, solid board used principally for the bind-
ing of books. Made from a base stock of mixed papers, ranges in thick-
ness from 30 to 300 points (0.030-0.300 of an inch). Lmportant properties:
smoothness, uniformity, high density, flexibility, and strength.

BLANKS -~ stiff, smooth, thick cardtoards for window displays, backing for
calendars, posters, etc. Basis weights from 120 to 775# (22x28) or 12 to
78 points.
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GRADES OF PAPER

* BLOTTINGS AND BLOTTING BOARDS -- unsized paper used generally to absort
excess ink from freshly written manuscripts, letters, and signatures. A
used for many other purposes where absorptivity is the required characte:
istic or where soft spongy paper is needed, even though the absorptivity
is of secondary importance. Made from rag, cotton linters, chemical or
mechanical wood pulp, or mixtures of these. Paper is porous, bulky, ot
low finish, and possesses little strength. Range from 60 to 1404 (19x23) .
Some grades are made with a simooth machine tinish, {or printing with coars:
screen halftones.

BOARDS -- these are the general type of paper which differ from "paper”
as a product under 6 points (.006 of an inch) thickness. They are thus
heavier than paper, usually starting at 12 points (5 to 12 is a no-man's
land with some papers and some boards). They are also usually stiffer
and heavier in bais.

BOARD AND 30X LINING -- grade of paper containing 65 to 75% of mechani. ..
pulp with the balance usually unbleached pulp, though occasionally bleact.
chemical wood pulp is used. Principal use: covering chipboard before
manufacture into various inexpensive setup boxes. Cleanliness and suffi-
cient sizing ror good pasting qualities are iamportant properties. Princi
pal basis weight: 32# (24x36).

* BODY PAPERS -- general term applied to all kinds of papers used by the
paper converter for gumming, coating, finishing, and the like.

* BOGUS PAPERS AND BOARDS -- descriptive term applied to papers and boards
made principally from old papers or poor-quality stock, to imitate
grades using higher-quality raw materials.

* BOND -- writing paper with special strength and permanence, ease of
erasure, good quality finish, cleanliness and {reedom from fuzz. Used
increasingly for printed letterheads and forms. Basis weight: 13 to 2
(17x22). ‘wood pulp or rag content,

BOOK PAPERS -- this is generally the grade for printing papers, with morc
emphasis on the softer finishes. Main characteristics are an geven, uni-
formly closed sheet; a soft, strong, pliable sheet, and a1 high finish with
an even bulk. Basis: 25x38.

BOXBOARD -- generally boards used for making boxes. U. S. standard size
is 25x40 inches. . ’

BOX LIMERS -- papers used for the inside of boxes containing {ood or meat
or crates containing celery, lettuce, or other vegetables, to keep the
products fresh through the retention of moisture and to protect the con-
tents from dirt or other contamination. Almost any grade and any weight
of paper may be used, denending upon the product in question.
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BULLDING PAPERS -- general term applied to a class of paper used in gener-
al construction work. Generally produced from strong fibers (rags, wood,
screenings, and unbleacihed kraft pulp). Used in building construction for
sheathing and under flooring and may be converted to such products as roof-
ing, sheathing, and tarred or asphalt-coated vapor barrier.

BULKING BOARD -- pgeneral term indicating that the board is subjected to
little >r no calender pressure and is light as to weight per point of
thickness,

BULKING BOOK PAPER -- paper used where maximum bulk per unit of ream
weight is desired., Made {rom a variety of furnishes, selected and blended
to give this property. Some grades are made of cotton-linters pulp, rag
pulp, esparto, or chemicial wood pulps; other grades contain a large per-
centage of mechanical pulp mixed with chemical wood pulps. There is little
or no loading ({illers). This paper is usually made to specification as

to finish and caliner.

BUFF PRINTINGS -- English tenn for butf-colored printing papers.
CARDBOQARD -- general term for boards (i.c., paper) 0006 of an inch or

more thick. Usual trade practice is to substitute a word more descriptive
of the use, e.y., postcard,

CHART PAPERS -- hard, tough and pliable, able to take Zolding and much use;
takes (pen) ink easily, erases well.

CHHECKX OR SAFETY -- used for negotiable papers; contain built-in precautions
against counterZeiting (c.g., special watenmarks) or alterations (e.g.,
inks or chemicals which show up erasures).

CHIPBOARD -- a somewhat-bulking paperboard of cheap juality and little
strength, either "solid" chipboard with a poor surface or "combination"
chipboard with a cover on one or both sides of a better stock and finisn;
thickness 5 points up.

CIGAR-BOX BDARD -- paperboard irom whicin a box is made to hold cicars., It
is a chinboard, usually pasted to {orm a sheet about 130 points i1n thick-
ness and has a surface tn which a cover paper can be readily adhered. hief

characteristic: stiffness.

CLEANSING TISSUE--sec FACLAL TISSUE.

CONTAINER BOARD -- general term designating corrugated or solid fiber ship-
ping container board or any board made for the use of corrugated or solid
fiber container manufacturers. Large-scale, container boards are asaally
shipped in rolls and basis weight is expressed in pounds per thousand
square feet.
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CONTAINER LINER -- (1) general term for paperboard used for outerfacings

in making corrugated or solid fiber container board; made {rom wood pulp,
waste papers, or a combination of both., Significant properties: strength
and good bending qualities. (2) a corrugated or solid tfiberboard placed

inside a container to give added protection alung the sides or the box,

CONVERTED PAPERS (CONVERTING PAPER) -- any paper which mav be converted by
a separate operation Lo produce a paper ot different characteristics or teo
produce a product quite distinct from the original paper. Taus, kraft
paper is made and sold to be converted into asphalt paper, waxed paper,
gummed tape, or paper bags; writing paper is coaverted into envelopes,etc.

CONSTRUCTION PAPER -- soft, cheap, bulking vapers with a great range of
colors for cut-outs and paste-ups, cconomical mountings. Basis weights
40 to 8O0# (24x36).

COPYIMNG TISSUE -- a general term for tissue papers which are slack sized.
soft in texture and of considerable strength, for usc in printing or
special manv-copy purposes.

COVER STOCX OR PAPER -- for covers, having qualities of good foldability,
wearability, permanent color, and good printing sarface. There is a wide
range of f{inishes and weights, on a 20x26 basis, and often the covers
have matching text stock.

CULTURAL PAPERS--sce MECHANLCAL PAPERS.

DECORATIVE PAPER -- gencral term applied to any paper on whicihh special
designs have been printed or produced {or decorative purposes.

DISPLAY BOARD -- zenerally thick paperboards, for use indicated.

DRAWING PAPER -- the general name for a variety of napers used by artists,
architects, layout men, etc., for pencil or ink drawings. Usually dull
finish, good writing surface, erases well. Machine-made papers in basis
weights of 80 and 1004 (24x36); best drawing papers are handmade.

ERASABLE -- bond papers especially coated to allow typewriter erasure
(until the ink sets).

FACIAL TISSUE -- used tor the removal of creams, oils, etc. from skin, and
other cieansing purposes. Made I -om bleached sulphite or sulphate pulp,
sometimes with an admixture of bL :ached mechanical pulp, 8 to 13# (24x36)
after creping. Desirable characteristics: softness, strength, and freedom

from lint.

ETCHING -- high qualitv, smooth, strong drawing papcr (also called steel
plate). Erases well. 3asis weight 1204 (22x33).

FEATHERWEIGHT -- two somewhat opposing meanings: (1) very bulky for th.:
weight (bulking papers) to make a booklet or book thicker; (2) very ttin
and light weight papers for writing, books, etc.
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FIBERBOARD -- a hard board made of chemical wood pulp and waste materials;
sometimes used to mean container boards in general, and sometimes a desig-
nation for vulcanized fiber,

FILLER BOARD -- general term designatiog: (1) inner layer of a combination
board; (2) chipboard made for solid fiber container manufacture to be used
as the inner layer(s) in container board (filler chip ranges from 0.012

to 0.051 of an inch in thickness and from 36 to 180# per 1000 square feet
in weight); (3) inner layer for wallboard; (4) center or middle layer of
other boards where this portion differs in any respect from the »nutside
surfaces or liners.

FINE PAPERS AND BOARDS -- broad term including writing, and cover papers,
as distinguished from wrapping papers and paper not generally used tfor
printing purposes; the latter are generally referred to as '"coarse papers."

FLAX BOARD -- fibrous insulation board manufactured largly from {lax straw
pulp.

FOLDER STOCKX -- board or bristol used for manufacture of folders for busi-
ness filing, commonly made of wood pulp and waste paper, though can be made
from rope or jute stock. Vary from 100 to 225# (24x36); common thicknesses
are 0.008, 0.011, 0.0l4 of an inch. Significant characteristics include:
tearing strength, stiffness, folding and noncurling properties, and uniform
high finish without mottle.

GLASSINE -- transparent (but can be opaque) papers highly resistant or
impervious to air, grease, moisture vapor. Usually calendered, in basis
weights from 12 to 90# (with 15 to 40 being usual) 24x36. Used as pro-
tective wrappers, especially for foodstufis; can take printing.

GRASS PAPERS (ESPARTQO) -- papers made with esparto as the fibrous material.

GRAY BULK BOARD -- paperboard used for the backs of pads or tablets of
paper. Made of waste-paper stock, thick and but lightly calendered;
stiff with a soft finish.

GROUNDWOOD PAPERS -- general term applied to a variety of papers made
with substantial proportions of mechanical wood pulp together with chemi-
cal wood pulps, and used mainly for printing and converting purposes.

HANDMADE -- paper made by hand molds in single sheets.

HANGING PAPER -- the raw stock from which wallpaper is made. Sheet is
made hard sized to resist moisture in coating and pasting; has a "toothy"
surface to enable coating color to stick to sheet; is uniform in surface;
soft and pliable for efficient operation in converting plant, and to lie
flat when pasted. Variety of weights, 24x36 basis size, 480 sheets in
ream.

HEAVY WRAPPER -- general term for a wrapping paper about 90 pounds per
ream (24x36) and heavier.
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FOOD PAPERS -- generally papers used to protect foods in regular packages

HEMP PAPER (ROPE)--see ROPE PAPER.

must be able to protect agalnst handling, contamination, insect fnfestati....

gain or loss of moisture or volatile tlavors; resistance to {oreign odors;
sometimes greaseproof.

INDEX -- thin, tough board finished and sized for pen and ink. Basis
weights 90 to 220# (25.5x30.5).

INDIA -~- approxiqsately the same as Bible paper, but always "India" color,
ioeo' ltght buff.

INDIA PROOF PAPER -- a paper of straw color, extremely soft and absorbent
unsized, which adapts itself to the surface of a steel plate or wood and
soaks up ink without smearing afterwards; sometimes called India transfe:
paper.

JAPANESE ART PAPER -- decorative papers, handmade, in various weights and
textures.

JAPANESE COPYING PAPER -- specially thin and strong handmade papers pro
duced in Japan from long fibers, such as mitsumata and paper mulberry, aua
used for copying books.

JAPANESE TISSUE -- a light weight paper made by hand from kozo fibers and
commonly used for mimeograph stencils and lens papers.

JAVA PAPER -- & packing paper made from waste papers.

JUTE PAPER AND BOARD -- any paper made with jute fiber or burlap wastes,
basis 20 to 300# (24x36), a tough and durable sheet used for envelopes,
folders, cover stock, pattern papers, cement bags, e%cC.

KRAFT PAPER AND BOARDS -- made of kraft pulp in variouc thicknesses. It
may have a dry or water finish; chief characteristics are strength and
bending qualities.

LEDGER OR RECORD PAPER -- like bond paper, evxcept even more strength and
quality, with special emphasis on water and ink resistance and smoocthness
(papers are usually surface sized and supercalendered). Normal basis
weights 24 to 36# (17x22).

LIGHTWEIGHT CHIP -- a paperboard used principally by the corrugated con-
tainer manufacturers as a facing for single-faced corrugated rolls, for
pads and partitions, and for other types of interior packing; made of
chipboard, generally 0.006 to 0.0l12 of an inch in thickness and has a
surface adapted to the adhesive used in corrugated board manufacture.

LINEN PAPER -- a paper made wholly from linen rags, and genera’ ly linen
finished (see list of finishes).
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LINER BOARD -- paperboard used as an inner or outer facing in the manufacture
of corrugated or solid fiberboard.

LOAMN PAPER -- tough, tub-sized, wove paper, made of the strongest materials
and finished with a good writing surface, not highly glazed. The materials
and treatment (hydration) are similar to those employed for bank and bond
papers, but it is tougher and the basis weights are heavier. Used chiefly
for bonds and shares, etc.,, which possibly gave rise to the name.

LOFT DRIED -- any paper which is dried by hanging to dry in a drying loft,
where the atmospheric conditions are regulated to give the desired rate
of drying.

MANIFOLD -- a lightweight bond paper with porosity, sometimes with unglazed
or cockle finish, Used for duplicate copies made by carbon paper. Basis
weights usually 7 to 10# (17x22).

MANILA -~ originally strong papers made of manila hemp stock, now imitating
papers with a similar color and €fi.ish (light straw colored, textured but
smoothed-down and printable surface).

MANILA BAG PAPER -- a bag paper, made of a combination of chemical and
mechanical pulps, which has a manila color.

MANILA BOARD -- a paperboard used largely for folding boxes and where
packaging is required for foods. 1t is made from chemical wood pulp and
is 0.016 to 0.035 of an inch in thickness; it has a manila color, is a
good bender, clean in appearance, and has a surface suitable for printing
in colored designs.

MANILA WRAPPING -- a term applied to a group of manila-colored wrapping
papers, made of chemical, or a mixture of chemical and mechanical pulps.
They are used for various wrapping and printing purposes and also for
envelopes, filing folders, etc.

MARKET PAPER -- a general class of wrapping papers for market use, such as
dry-finish butchers wrap, {delicatessen paper, etc.

MAT BOARD -- a paperboard, lined with a plain or decorated cover paper.
It possesses rigidity and is used for mounting specimens or articles.

MECHANICAL PAPERS -- (1) a term applied to papers other tnan writing and
printing papers, which are termed cultural papers. It includes such items
as absorbent papers, tissue papers, wrapping papers, etc. (2) a term
sometimes applied to papers made eatirely or in part from mechanical wood
pulp.

MIMEOGRAPH -- used for stencil duplicators. Qualities: opacity, lack of
fuzz, absorbency. Nowadays, takes pen and ink well. Basis weights 6 to 24
(17x22).
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* MUSIC -- paper to meet the special requirements of sheet music. Basis

weights from 60 to 90# (25x38).

NEWS (NEWSPRINT) -- the general term for papers used primarily in news-
papers; made largely of groundwood, slack sized and little or no mineral
loading. Basis 30 to 35# (24x36).

NINEPOINT STRAWBOARD (.009) -- a paperboard made of straw and used by cor-
rugated box manurfacturers in making corrugated boxboard.

NONTEST CHIP -- a paperboard used as a filler by makers of solid fiber
container board and for general use where no minimum bursting strength is
required. Made of waste papers and varies in caliper and finish according
to requirements.

ONLIONSKIN -- a manifold paper with some transparency and more permanence
than most.

PACKING TISSUES -- a general term applied to tissues,for packing articles.

PARCIHMENT TYPE PAPERS -- simulating genuine parchment (which is animal skin,
not paper) in appearance, durability and velvety ifeel. Parchment bond
basis weights 24 to 40# (17x22).

PASTEBOARD -- a general term applied to both paperboards and cardboards
th~. are formed by pasting a liner on stock of a different grade; popu-
larly used to denote any stiif board or cardboard of medium thickness.

PLATE -- (distinguished from plate-finished papers), soft, thick printing
paper with smooth (non-glossy) surface, for use with true engravings and
for woodcuts and lithography.

POSTCARD PAPER -- use obvious; surface smooth, for both printing and
writing. Basis weight 944 (22 1/2 x 28 1/2).

POSTER -- two meanings: (1) specially for billboard posters. Basis weights
from 32 to 45# (24x36); (2) inexpensive paper for throw-aways, flyers--with
smooth printing surface, unsized, in standard colors. Basis weights 32 to

434 (24x36).

PRINTING PAPERS -- general term for papers used primarily in printing.
Printers require paper that will operate without interruption in presses,
faithfully reproduce printed designs with freedom from strike-through and
show-through, and accomplish this with low ink costs. Some of these re-
quirements such as the necessity for strength with a smooth soft surface,
cover more or less opposing qualities which have taxed the ingenuity of
the paper manufacturer.

RAG-CONTFNT PAPER -- papers containing a minimum of 25 per cent rag fiber
and generally made also with 50, 75, and 1007 rag fiber content. These
papers are used for bonds, currency, writings, ledgers, .oose-leaf ledgers,
manifold, papeteries and weddings, index, carbonizing tissues, blueprint,
arnd other industria' specialties.
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* ROPE PAPER AND BOARDS -- any pdper made from manila hemp (commonly called
ropes, It may be composed entirely of rope fibers or it may contain some
chemical pulp. Used as cable papers, shipping rags, saturating papers,
and for other purposes where strength is an important property.

SEMI -CHEMICAL PAPERBOARD -- a paperboard made of straw or cther fibrous
material cooked with lime and other chemicals, or other chemicals without
lime, in calipers ranging from 0.009 to 0.060 of an inch. [t is generally
unsized and has a rough finish., It is used as a corrugating material in
shipping containers, tablet backs, separators, etc.

SOLID CARDBOARD -- a term applied to any cardboard that is made in one
operation, as distinct from pasted together.

SPECIALTY PAPERS -- (1) grades of paper and/or paperboard made with speci-
fic characteristics and properties to adapt them to particular uses. (2)
grades of papers and/or paperboards made in a given mill which are not

the primary products of that mill.

STRAWBOARD -- (1) a paperboard used for setup boxes, tablet tacks, etc. It
is a rigid beard but not susceptible to high finish and for the setup box
trade is usually lined with paper. (2) a paperboard used for mailing tubes
and cans, made about 0.020 of an inch in thickness for spiral windi:ng and
is resistant to crushing. (3) corrugating material in the manufacture of
shipping containers, 0.009 of an inch in thickness and readily formed into
flutes in the corrugating process. When it is pasted with a liner on one
or both sides, it is rigid and resilient after compression. It is made
from straw which is treated chemically and then passed through the cus-
tomary papermaking process,

SULPHATE PAPER--sce KRAIT PAPER.

SULPHITE PAPER -- any paper or board made with sulphite pulp.

SUPERFINE WRITING -- (1) highest type of writing paper such as loft-dried
1007, rag fiber of best quality. (2) A writing paper with a fine smooth
finish and a closed formation, made of sulphite, soda, and some rag pulp.
It is not loft-dried. The better grades of flat writings and vellums
would fall in the superfine group.

TABLET WRITIMNG PAPER -- hard-sized tablet paper for pen and ink writing.

TAG STOCK (and TAG BOARD) -- papers with durability in handling, water
resistance, and able to take printing, writing or stamping. Used for tags,
file folders, etc. Basis weight 80 to 300# (22 1/2 x 28 1/2).

TEXT PAPERS -- generally better auality book papers, used also for book-
lets, announcements, annual reports. Finishes from antique to dull calen-
dering, often laid. Basis weights usually 60 to 80# (25x38). Very often
has deckle edge avalilable.
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THIN PAPERS -- any lightweight paper. The term is usually applied to such
papers as Jible, cigarette, condenser, manifold, and like papers but not
to facial or toilet tissue.

TICKET STOCK AND BOARD -- a general term including thick china, various uu-
classified sulphite waste-paper boards, translucents, tough check, and good
grades of writing or bond paper in the heavier weights, 1t is chiefly used
for window tickets. Much of this board now has safety features.

TISSUE -- general term for lightweight papers; usually gauvzy and often
fairly transparent. Types range from printing papers to sanitary tissue.
Basis weights under 18# (24x36).

TOLLET PAPER -- sheets with softness, strength, absorbency and cleanliines-
while usually in rolls, can also be in separate sheets, and made into paci. .

TOUGH CHECK -- very strong cardboard used for tickets, shipping tags, etc.
May be coated one or two sides, in many colors, in 3-, 4-, 6~ and &-ply o
12, 18, 24 and 30 points. Basis 22x28.

TOWELING -- a creped absorbent paper made primarily from either bleached
or unbleached sulphite pulp, with or without the addition of mechanical
pulp, It should have sufficient strength to withstand use without dis-
integration or tear; fast absorbency and water capacity; softness in use,
and freedom from lint and from unpleasant odors.

UNCOATED PRINTED PAPER--see BOOK PAPER.

VAT PAPERS -- a term for handmade papers.
VELLUM -- (1) a paper imitating fine calfskin parchment; (2) tracing

papers. (Vellum is also a finish).

WALLPAPER STOCK--see HANGING PAPER.

WATER COLOR PAPER -- a paper for use with water colors--a typical drawing
paper, tub sized, machine, a:r or loft dried; chiel characteristics: haru
sized surface, texture suitable to absorb the water colors soc that they
will not run and yet not penetrate too deeply. “he surface should almilat.
the surface of canvas for oil painting.

WATERLEAF -- papers which have no size kchemical) and which therefore are
highly absorbent.

WET-STRENGTH PAPERS -- papers which do not lose their strength when they
are wetted; chemical treatment of the fibers or paper makes this possible.
In U. S. practice, the standard for a wet-strength paper 1s that it retain
more than i5% of its dry strength when completely wetted with water.

WRAPPING PAPER -- a general term applied to papers used for wrapping pur-
poses, strength and toughness are predominant jualities. Basls 24x36,
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* WRAPPING TISSUE -- a tissue manufactured from various types of fucrnishes,
including bleached and unbleached chemical wood pulvns, mechanical pulp,
or screenings, in basis weights of 9 to 17# (24x36) using %£80-sheet ream,
and used in wrapping and packaging of morchandise. The chief character-
istic is toughness, and in some cases, ireedom from chemical residues which
would produce tranishing of the wrapped prceducts.

* WRITING PAPERS -- a general term for papers suitable for pen and ink, pencil,
typewriter, o printing. Made in a wide range of qualities from chemical and
mechanical wood and rag pulp, or mixtures of rag and chemical pulp or chemical
and mechanical pulp. The most significant property is good writing and ruling
surface. For some uses, good strength and creasabilitv are also necessary.

DEFECTS IN PAPER SHEETS

During the manufacture of paper, a great many things can go wrong
to reduce the quality of the eventual sheet or at least change it from the
properties it was intended to have. In a mass-production technology,
where paper is used for printing and packaging on high-speed equipment, and
where highest standards of quality at a minimum price can fe insisted upon
because of the competition, even minor defects are not tolerated. This
may or may not be the case in an undvrdeveloped area, and it is certainly
true that some defects which can be avoided only by great expenditure of
time and money are not necessarily worth the cost of avoiding, for many of
the end purposes of the paper.

In any even~, on a practical basis, it should be noted that there
is a considersgble waste in hand papermaking--20 per cent being not unusual
a figure for sheets discarded as unacceptable. This results from tears
in the sheet, water drops, hairs from the felts embedded in the paper, knots,
drops of sizing materials, bubbles, holes, blurred watermarks, imperfect
laid lines, and pieces of rust rfrvom some part of the vat (and in particular
the steam pipe). The best of these discarded sheets can be marketed as
"seconds'" or "retree,'" but the rest can only be repulped as "broke" into
an inferior paper for wrappin_ the good sheets. Obviocusly, improved tech-
niques and greater care about dropping water and sizing can reduce the
waste and thus the price that must be charged for good sheets.

The following explanatory list of defecrs which may conceivably be
encountered in handmade papers is included, therefore, both for its speci-
fic reference value, and for its use as a reminder that the technology of
pa-er can be made very complex, and that a local producer will probably
always have roum for improvement.

Air bell -- a blister, froth or foam mark on the surface; from poor paper
lifting or poor condition of drying felts.

Back mark -- the crease or mark left in a shect of paper dried on a line
or a pole 1anstead of flat; sometimes has to be cut out, making two half
sheets.
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Bagpgy -- a sheet with a pushed-in center, as trousers are baggy when not
flatly pressed.

Bark specks -- brown specks whicih are pieces or bark not -emoved from the
pulp.

Bells -- see air bell.

Blackening -- dark area on sheet caused by too much pressure or moisture
in paper as it goes through calender.

Bleach scale -- spot caused by undissolved bleach residue; usually shiny
light brown, and brittle.

Bleeding -- color staining out of paper, or dissolved by a liquid; disce
ing of surface from asphalt oils seeping through in converting papers.

Blister -- see air bell.
Blow -- see air bell.

Blue spots -- spots colored blue (or other colors) because of dve reaction
with rosin; also a speckled effect caused by poorly prepared dyes.

Bristle marts -- scratches in surface of sheets that have been surface
coated, made by bristles coming off coating brushes and sticking to calen
der roll.

Broke -- the general term for paper which has considerable d- "ects (see 7!
Brush marks -- see bristle marks.

Bronze specks -- a mineral formation known also as bronze fleck.
Bubblemarks -- see air bell.

Burning -- see blackening (also refers to flattening of calender rolls ii

left under pressure when aot in use).

Burnt -- a sheet made brittle by over-drying; darkened sheet may be dis-
colored by pulp burnt too long a chemical digestion.

Button specks -- powdered, light-colored specks caused by crushed pieces
of buttons when waste rags are used as fiber.

Calender crushed -- see blackened.
Calender cuts -- creases, lines on sheet caused by wrinkles in paper passing

through calender.

Calender marked -- sheets carrying merks made by markings on the calende«
roli.
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Calender scales -- small bits of pigment that collect on the calender roll
and are transierred to the paper.

Calender spots -- indentations or spots, sometimes transparent, caused by
small pieces of paper sticking to the calender roll and then back onto
another sheet; also spots or indentations caused by other particles or drops
of oil,

Carbon specks -- black specks caused by coal dust in the pulp or on the
sheet; usuallv called cinder specks.

Cinder specks -- bits of cinders or coal dust in the paper.

Clamp marks -- indentations in paper caused by clamps holding paper solid
for trimming.

Clipped cuts -- sheets with edges broken by poor packing or handling.

Cloudy -- unevenness in the formation of a sheet; not necessarily a defect;
also called wild.

Cockle -- wrinkles in small waves on sheet, because it is dryer or damper
than the air; as a finish, it is not a defect (i.e., if cockling is uniform
and in small waves).

Cockle cut -- a cockled paper pressed through a calender and cut as a re-
sult of a folding-up or wrinkling.

Contraries -- these are any materials unneeded or injurious to the paper;
small bits can escape removal and be made part of the sheet.

Corner up -- a sheet bent at the corner, as dog-eared.
Cracking -- open breaks along creases when paper is folded; also, in coated

paper, when the coating layer flakes away from the sheet.

Craters -- small pits in coated papers due to breaking of air bells.
Curl -- warping of an edge of a sheet or a curl across a shcet, due to

uneven moisture in the sheet or internal stresses.

Cutter dust -- bits of fiber broken ofi during the trimming operation and
settling between the sheets, causing trouble on the printing press.

Damp streaks -- crush marks or blackening of paper, caused by uneven press-
ing or drying of sheet.

Dead beaten -- paper made of stock over-treated in the beater, and thus
brittle and weak.
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Dead spots -- dull areas in high-gloss finished sheet.

Dirt -- anything in the paper that should not be there, making a mark o
speck in the paper.

Dog-eared -- see cormer up.

Drop marks -- blemishes caused by water dropping on a sheet while still
being made.

Dusting -- a paper which may give off dust or lint and thus cause trouble
to the printer.

Dye spots -- spots of stronger color than intended, caused by undissolved
dye or a biological growth which collects the dye.

Feathered deckle -- a ragged and badly-finished deckle edge on the shest
caused by deckle not fitting closely enough to the mould.

Fish eyes -- small, round, glazed or transparent spots caused by such
materials as slime, undefibered portions of stock or foreign materials
formed in the sheet and crushed when it goes through the calender.

Fluff -- the dust of some sheets (see dusting).
Foam marks -- see air bell.
Foul -- paper which has dirt, is not *"clean."

Foxed or foxing -- spots, specks or stains in paper caused mostly by
mi ldew or mold.

Fur -- bitcs of paper pulled from a sheet by a sticky felt and then trans-
ferrad to ar~ther sheet.

Fuzz -- fibers sticking out from the surface of a sheet and tending to
pull off in printing.

Grease spots -- spots in sheet formed by oil or grease, or a thin spot in
2 sheet because pulp would not stay over a greasy or oily area on the
mould screen.

Grit -- abrasive specks formed in the sheet; they are very harmful in
printing and in many other uses of printing where they may scratch.

Haircut -- a cut in a sheet of paper made by the calender because of a
human hair or a long fiber caught in the calender (see calender marked).

Iron specks -- pieces or iron or iron rust in the finished sheet.
Knots -- splotches or lumps in sheet caused by incomplete19 defibered

material forming in sheet.

Line -- see dusting.
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S -- see knots; also caused by slime or by partly-dried coating mate-
rials falling into fresh paper.

"M" -- paper which is not first quality but which has only very minor de-
fects.

"N' -- paper which is inferior to "M," usually writing paper.
Overdried -- see burnt.

Peeling -- when the surface of a sheet scales or peels off (see also scuff-
ing).

Phozy -- featherweight pavers which are tuo fluftfy or lossely made.

Pick -- the property of a paper which lets it release parts of its surface
when attracted by a sticky in; caused by a poor adhesive on the surface
(poor at least for the purpose intended).

Pinholes -- very small holes caused by hard (often metallic or stune) mate-
rials in the paper which fall out when the sheet is calendered; also may

be caused by zrit on calender punching holes in sheet.

Pitch spots -- caused by accumulations of resins in the stock.

Pole mark -- see back mark.

Retree -- slightly defective sheets of paper; not '"good" but not broke;
still generally usable, especially in printing.

Ring marks -- patterns or clouds of varying color in dyed papers, caused
by bubbles in the paper lifting process.

Rosin specks -- amber-colored translucent specks caused by improper emul-
sification of size.

Sawdust spots -- in wood-fibered papers, sawdust specks sometimes remain
untouched by the pulping process, and are crusned in a calender, causing
large blemishes.

Seconds -~ imperfect sheets (not tov be confused with a kind of paper,
"second sheets," for additional sheets in a letter).

Shiner -- a glossy spot due to fillers or other materials, either as shiny
particles remaining or as holes or translucent spots pressed into the sheet
by foreign specks.

Size stain .. see rosin specks; can be caused by any size, particularly
discoloring kind, which is not fully mixed in.

Skipped coating -- brush marks on coated paper showing where brush was
lifted in coating process.
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Slime spots -- spots or hard and shiny blemishes caused by accumulation o}

slime in beaters or vat.

Specks -- small spots caused by a variety of foreign objects or materials
in sheet.

Spongy -- paper without enough size, or too bulky and soft for the proper-
ties intended.

Spots -- different colors or degrees of transparency in a sheet due to
water, oil, grease, size or other materials.

StEERS -- see fur.

Stickmark -- see back mark.
Two-sidedness -- two sides of a sheet being different either in texture

or color.

wa!z edges -- see curl.

Wedgy -- a paper thicker or heavier at one end than another, due to the

mould being titled in paper lifting; not noticeable in one sheet, but in
a stack of sheets all formed the same way, the thickness different will

become apparent.

Wild -- see cloudx.

SAMPLES OF PAPER

SHOWING VARIOUS GRADES AND FINISHES
APPEAR AS APPENDIX V IN THIS MANUAL

STARTING ON PAGE 244
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CHAPTER 10

Testing for Paper Properties

While some properties of paper can be seen by the eye alone (and
it is true that a prarticed eye can see properties which escape the un-
initiated!) many of the important properties do not show themselves until
it is too late. That is to say, a paper which presumably had a good
printing surface, but did not, will cause trouble on the printing press.
Or a paper bag which presumably was strong, and proved not to be, would
evidence that proof by dropping a half dozen eggs out the bottom while
they were being taken home.

There are scientific ways to test for most paper properties, to
insure that the desired properties actually are incorporated in the paper,
and the undesirable ones are not present. While some people may begrudge
the time and money required, it is only good business to make certain that
the product being manufactured is actually what was intended. The business
may well stand or fall, in the long run, on how well this is achieved, be-
cause papers which disappoint the customer when he uses them will keep the
customer from returning for a second purchasc.

In all, perhaps five different reasons can be stated for testing
papers:

1. To insure that it meets the specifications set for it.

2. To insure uniformity.
3. To determine if it will do the job it is intended to do.

4. To provide a picture of the producer's improvement (or regress-
ion) so that planning and action can be taken.

’

5., To check the product against the competition.

In addition, testing of experimental papers can be usefully performed
--probably by a regular research operation ratuer than a producer as such--
to determine which fibers and processes are best to make desired kinds of
pulps and paper, or what kinds of pulp and paper can best be made from avail-
able resources. With a kind of revolution now going on in the paper tech-
nology of the non-softwood fibers, and with the potential for the discovery
of efficient new processes for waste-material fibers, this is a possibility
worth exploring.
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TYPES OF TESTS

A variety of standard tests have been developed, especially in the
past 30 years, to serve both research purposes and product inspection. In
addition, there are the simple, common-sense tests that will serve some
purposes, e. g., to see how strong a sheret of paper is, pull it or tear it
or crumple it; and where this is good enough for the immediate question,
there is no point in going through a more or less expensive testing pro-
cedure for exact information that is not needed. On the other hand, where
major decisions are being made between processes or fibers, the more careful
the test, the more likely it is that the proper decision will be reached.

Most of the testing equipment is relatively simple and inexpensive,
and a research or testing facility of a minimum sort could be part of a
cooperative's marketing effort. A full-scale research facility would, of
course, be necessary to the proper functioning of a Pulp and Paper Institui-
And, in some countries at least, the government Bureau of Standards might
incorporate pulp and paper testing as part of its operation.
1

The following are among the principal standard testing devices and
techniques:

Analysis of specks -- Sometimes there are spots or specks in the paper
(i.e., defects) which must be identified as to cause. Rubber specks can

be recognized by the odor when burnt at the end of a pin. Woodspecks or
bark specks due to chips or wood fibers not thoroughly pulped, can be
identified by applying a drop of phloroglucinol, which will turn the specks
red. Others may sometimes be idenuified by a characteristic ocolor; see
list of defects, Page 116.

Basis weight -- This means the standard weight of a ream (500 sheets,
ordinarily) of paper of a standard size, measured in pounds. Thus, 60-
pound uncoated printing paper means that 500 sheets of that kind of paper,
each sheet being 25x38 inches (U.S. standard basis size for that type of
paper), will weigh 60 pounds. Once '"basis weights'" are established as
standards, it requires only a scale to insure that the standard is being
met. Since 1t measures the amount of paper being bought and sold, it is
an important test.

Bursting strength -- The "per cent Mullen" of a sheet of paper is one of
the oldest and most-used standards, to indicate the ability of the paper
to withstand punching through by solid objects. The sample sheet is
clamped against a circular disk which has a one-inch hole in its center.
A rubber diaphram is pressed against the hole from the other side, and
fluid is added so that the diaphram expands againat the sheet of paper
until it breaks. The pressure recquired to break the sheet is registered
in pounds-per-square inch, and this figure is the Mullen strength (or
"Mullen points") of the sample. Dividing this figure by the basis weight
of the paper, and multiplying by 100, results in the percent Mullen.
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Coefficient of friction -- This is a measure of the smoothness of paper,
by determining how much resistance a pack of weighted sheets shows to
being slid across other sheets.

Color -- There are elaborate machines which test the exact degree of
correspondence of color to a sample, but the simplest way i{s by visual
comparison with a standard sample, making sure the light source is not
a distoring kind.

Dirt -- While, again, there are standard methods for determining the amount
of dirt a sheet may carry, the simplest way is by visual inspection.

Expansion or contraction -- Since many papers change their size (and thick-
ness) as humidity changes in the room, it is important to know how a
specific kind of paper will react. Under controlled conditions, the ex-
pansion and contraction are simply measured, before and after, as humidity
is changed. :

Folding endurance -- A small machine causes a plece of paper to be con-
tinually folded and opened, and counts the number of times the process
occurs before the piece of paper breaks. This can be done by hand, but
not as accurately because different pressures may be used in the different
foldings.

Formation -- The simplest test is to visually exemine the test sheet
against a standard sarple sheet; this requires a tester who 18 experienced
in what to look for.

Gloss -- This measures the amount of light a sheet will reflect, as an
indicati~n of the type of surface of the sheet. Since light reflected
from a very smooth surface are polarized (that is, they go only in one
direction), a machine measures the degree of polarization of the re-
flected light from a sample sheet.

Ink absorption -- This is measured by the amount of a special testing ink
which the paper will absorb.

Loading -- The amount of inert filler which has been put into the paper can
be measured simply by burning the sheet after weighing it; the weight of
the ash remaining is the index of the amount of loading.

Moisture content -- Mositure in paper affects the qualities of the paper,
and of course the weight of it. To test, weigh the sample of paper both
before and after heating--in a suitable device, such as an electrically-
heated hot plate filled with a porous asbestos cover which serves both to
hold the sample down on top of the heating surface and at the same time
allows moisture vapor to escape easily. If a sample weighs 10% less after
heating, the moisture content is calculated as 10%. The test is more
meaningful if it is conducted in a room with a constant temperature and
humidity, a standard in the U. S. being 73°F. and 507 humidity.

- 124 -



¥ 4

Moldproofness -- Paper is actually tnnoculated with molds under standard
conditions, and the extent of mold growth which follows is then compared
to a standard which has a known performance.

Opacity and transparency -- This is measured by a meter reading of the
amount of light which can pass through a sheet of paper, hitting a photo-
electric cell; while this is technically not measuring opacity, for
practical purposes it provides a reliable index.

Picking -- Some surfaces of papers will be pulled away from the body of
paper by a sticky ink on a printing press. A standard '"bonding strength'
can be determined, and any surface tested against this by the amount of
force required to tear away a strip of paper which is pasted to the sheet
being tested, under controlled conditions.

Porosity -- This tests the length of time required for a given amount of
air to pass through a given area of paper, and thus indicates the density
of the sheet formation and some of its absorption qualities. A "“denso-
meter," which consists of two metal cylinders, one of which fits into the
other, is usually the test device. The larger cylinder, at the bottom,
is filled with oil; the top one has nothing in it but an escape hold at
the top. The air is blocked from escaping from it by a plece of the paper
being tested; this paper fits inside to cover the hole. When the top
cylinder settles down to float on the oil, the distance it sinks--being
controlled by the amount of air which can escape through the paper--is

a measure of the porosity.

Printing smoothness -- The surface of a paper--its topography, so to
speak--can be measured by a brush which plots the profile of the sheet.
Smoothness can also be. tested by a device which measures the amount of
air that will escape between two paper surfaces pressed together.

Rattle -- This is a test of the actual sound which a paper makes when

Tt is shaken; the sound can be measured in decibels by a sensitive device
which registers vibrations. Some papers should have good rattle as an
evidence of their hydration; papers on which radio scripts are written
should have as little as possible.

Resiliency -- This measures how much a folded sheet will spring back
after release. The angle of return, measured with a simple protractor,
is used as the index.

Scuff resistance -- This is a measure of the ability of paper to withstand
rubbing or scuffing, and is especially important in wrapping papers, boxes
and tapes. A recent machine has a wheel covered with an abrasive. After
a certain number of turns of the wheel against the paper, the sheet can be
measured with calipers to determine how much thinner the sheet is. The
sheet can also be weighed before and after, with the loss of weight a
measure of the scuff resistance.
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Stiffness -- Some kinds of paper require more stiffness than others for
the job-zb be done--shipping tags, for instance, or milk containers.

The measure is the amount of force it takes to bend a sample piece of the
paper to a given angle. A circular disk rotates to pushk the sample, which
in curn pushe; a pendulum away as it bends over. A scale indicates the
amount of force required to move the pendulum, as a measure of stiffness.

Stretch -- The device is similar to the one used to test the tensile
strength of paper, and measures the actual amount of stretch a given paper
has, in inches.

Tearing strength -- A knife attached to a pendulum cuts through the paper

on this test, as the pendulum swings on its arc. The greater the strength
of the paper against tearing, the shorter the swing of the pendulum. This
swing is read on a scale which denotes the force in grams to tear a sheet

of paper.

Tensile strength -- This test simply measures the amount of pull required
to break a piece of paper. A pendulum scale-assembly pulls the paper and
is stopped from swinging back at the point the paper is broken. The
scale gives the strength value of the paper directly ia pounds.

Thickness or caliper -- Thickness is, of course, another of the character-
istics of a paper which should be uniform and actually as stated. In
letterpress printing, it is particularly important, since the type is ad-
justed to print correctly against a certain thickness of sheet, and any
variations in succeeding sheets will make the type uit either too hard

or not¢ hard enough. Also, customers may well be suspicious of two bundles
of different size when they are supposed to have the same number of sheets
of the same thickness. To measure, there is an instrument called a
caliper, which indicates the exact thickness of a single sheet of paper
when it is slipped between two points.

Water absorption -- This is measured by the amount of time it takes for
a sheet to absorb a given amount of water placed upon it.

Waterproofness -- Various tests can be used to determine thie rate at
which wafer will penetrate papers. One test involves a mixture of sugar
and dye, sprinkled on a sheet of paper, which is then placed on the sur-
face of a vessel of water. The length of time elapsed befo.e the sugar--
dye mixture changes color is a measure of the time required for the water
to get through the sheet of paper to the dye. Another test is comparable,
except that water is forced through the paper.

Wet strength -- Mullen or tensile strength tests are performed on a
piece of paper which has been soaked in water.
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INSERT 1

Paper Products That Can Be Made by Hand

AN

It 1s a mistake to look upon paper as sinply & writing or printi;
or wrapping or shipping material. Hundreds or thousands of specific it«.
necessary or useful in induatry, commerce and the home, are basically
paper. New industries can be built to make many of these products dixe.:
and in many cases, little or no extra equipment or skill is involved; wiu:
is mostly required are chemicals which much more than pay for themselves ..
the value they add to the basic paper. 't '

Some of these products may now be costing foreign exchange, or msa:
be more expensive than necessary because they are made as a separate opex -
ation based upon the purchase of paper as a product. A combined operatiou
by which the producer of the paper continues the manufacture through to 1.
processing of a paper product--will eliminate the middle marketing costs
and thus allow a better price margin for competing and for profiting. 1n
effect, it will also allow a paper-product manufacturer more control ove:
his raw materials, often a problem in an underdeveloped area. Since soms:
of these may be items not now used at all, their production and availabj):!.
would open new markets and mean new standards of living.

Most {mportantly, if the papermaker concentrates on items such as
these, he will be avoiding direct competition with mass-produced paper.

A coamprehensive list of such psper products appears below; the
asterisks (*) in front of certain items indicate they are especially sujt
able for hand manufacture, although in some instances this may be less
true of the items marked and more true of other items not marked. By nn
means all of the possible paper products are listed, and local customs
and needs undoubtedly will suggest other items which can be approached
from this view. On the other hand, {t is recognized that not ali of the
listed products are useful in every locality; the reader will realize thut.
s Manual designed for world-wide use cannot avoid such a situation.

This list should be read in conjunction with Insert 2, SPECIALTY
AND CONVERTING PAPERS THAT CAN BE MADE BY HAND, which follows this table,
and also Chapter 11, which briefly explains the manufacturing processes

involved.
N

.

- 127 =




PAPER PRODUCTS

Abrasive papers (if not for use

on machine)

* Accounting forms

Acoustic diaphrams

* Advertising specialties, materi-

Albumenized or light neﬁsttivc
paper (sheets for quality
portraits)

Asphalt paper and board
Asphalt laminated paper
Asphalt sheathing paper

Attache case

als for Bags
displays kraft
cut outs : coffee
cocktail, lunch and dinner flour
napkins bakery
art calendars bread
blotters cake
business greetings cookie
perfumed coal
‘greeting cards coke Y
folders doughnut
posters flour
booklets poultry
signs wood
paper hats charcoal
shopping bags candy
stickers tea
vegetable parchment
Air mail notion
peanut
envelopes popcorn
paper inc cream carton liners
tablets cigarette carton
sanitsry nspkin
* Albums shoe
grocery
wedding potato chips
photograph
scrap Baking dishes and cups
Laby record
bridal

- Bank-deposit books

re—

Banquet table covers

Barber cups

* Anti-tarnish bags and wrappers Barber’s headrest paper

Aprons ' Barrel covers

* Arcificia’. flowers Barrels, fiber
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Baskets

corrugated

berry

picnic
Batik papers (decorative, fancy)
. Beaming board and paper
Beer containers
Beer mats
Beverage packages
Bibs
211l and currency straps
Binding cases

Bisque Tortoni cases

Black-line paper (similar to
blueprint paper)

Blank-book papér
olanket bazs

Blotters

Blueprint paper

Bon bpn cups and dishes

Book matches

i

Bottle bags
Bottle boxes
Bottles (paper)

Boxed writings

* Boxes

set-up
corrugated
gift
hostery

Bags (Continued)

flower

ice cream

cigar

toy

jewelry
Bread labels
Bread shipping cases
Bread wrappers
Bronze crepe
Business torms
Buttex chips
Butter dishes
Butter tub liners
Butter tubs (paper)
Button cards
Cake circles
Caké laces
Cake-pan liners
Caiendars
Calico paper
Cambric
C;ndy bar wrappers
Candy-box dividers
Candy cups
Canisters

Card. table specialties

1
Cardboard easels (for displays)

‘ Cazxnival novelties




PAPER, PRODUCTS

Carriers

bottles
cones

Carry-all bags

Carton labels

Cartons

Catalogue bindars
Catalogue envelopes
Ceremonial papers

Cement bags

Chocolate dividers and layer board
Cigar bands

Clasp envelopes

Closures for jam jars, etc.
Cloth substitutes
Cloth-winding boards

Cocktail nepkins

Coffee bags -

Coin cards

Coin envelopes *

Collar specialties sz
Combs

Corposition paper

Concrete form (board)

Conduits

Confectionery begs and specialties
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(Cones, paper

Confettt

Containers

Containers for liquid and moist food
Copybooks

Correspondence binders
Correspondence cards

Corrugated articles

Corrugated boxes

Corrugated fiber cases, shipping
containers

Crib sheets

Crinkled (decorative-stained) papers
Cross-section paper
Cupboard shelf or lining
Cups, hot and ccld
Cusp;d0ts

Cut cards

Cutouts

Decorative papers
Dehydrated food packages
Dent;L headrest covers
Dental pinafores

Design paper (pat:e;ned)
Dials

Diapers and linings



PAPER PRODU(TS

* Diaphanie paper Emery paper

Die cut specialties * Fnvelopes

lining
Diplomas stock
manila
Discs -- fiber, parchment, waxed
paper Excelsior
tissue
Dishrag paper wrapper
Dispensers Exercise=bcoks

Display boards, containers,
easels, novelties, paper racks

Disposable diapers

Dividers

Document. envelopes, manila
Doilies

Docr closure panels

Draining sheets or liners
Draperies

Dress covers, shields

Dresses

Drinking cups

Dry cleaner bags and special ties
Dusters

Dynamite paper ;
Eclair cups and dishes

Egg cartons and containers
Egg casd fillerxs

Egg trays

Ele_trical insulation
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Export shipping bags
Facial tissue

F?ciqg papers

F;;tilizer bags

Festoons

Filing envelopes and supplies
Fillers (shredded paper)
Fillers (loosele;f)
Filter papers

Filters

Flnger bowl liners
Finishing paper

Fittings

Flats

Flock

Floor mats

Floor mops

Floor sheathing

Florists' bogrd, paper,
parchment, tissue



Plower pots--waterproof
Flypaper

Folded writing

Folders

Folding boxes

Food containers

Food wrappers

Footwear components, shoe and
boot board

Forks
Freezer paper supplies

Friction pulleys (laminated of
friction paper or board)

Fumigating papers
Furniture polishing papers
Games
Garbage bags
Garlands
Garment bags
containers
hangers
protectors
Garnet paper
Gaskets
Gift wrappings
Glassine bags, envelopes, wraps
Graph paper
Graphite paper
Greeting cards

Grocery bags

Guide cards

Gummed labels, sealing tape, stay
Gummed paper

Hair curlers

Handkerchief tissues
Handles (paper core)
Handmede papers

Hangers

Hanging papers: wallpaper
Hat stands

Hats

Heat-sealing bags, papers
Heliograph paper
Herbarium pape;

Holiday specialties

House sheathing

Hygienic paper specialties
Ice blankets

Ice cream bags, brick wrappers,
containers, dishes, pails

Ice cups and paper
pe
Incense [:aper
Index cards
Indicator papers (litmus, turmeric)
Insecticide papers

Insulated bags

Insulating materials

* Jackets--report cards, press books,

insurance policy cards
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Jacquard cards and loom cards Liquor bottle bags

Japan art paper Liquid containers
Japanese decorating paper Litmus paper
Jewelry tags and cards (anti- London boards
tarnish)
Loom cards

Jute envelopes
Loose~leaf filler
Kites
Loose-leaf ledger paper
Kraft envelopes
Lunch boxes
Kraft specialties
: Lunch sets
Labels
* Mqlling cases
Laboratory papers 1
* Mailing envelopes
Lace paper
Mailing tubes
Laminated board specialties
Manicure bowls
Lamp shades
Manuscript binder
Lanterns
Manuscript cover
Leaundry bags
Marble paper
Laundry blue paper
Masks
Laundry board .
Mats
Laundry boxes
Medicuted papers
Laundry specialties
Megsphones
Lens tissue

* Memo covers
Letter paper

Memo pads
Linear writing paper

Menus
Lined brief

* Merchandise bags

Liner specialties
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'PAPER PRODUCTS

Metallic (stylus) writing pads
Metrachromatype paper
Milk bottle caps

Milk bottles (paper)
Milk-can tops

Millinery bags

Mimeotype stencil paper
Moisture proof specialties
Molded pulp specialties
Mops

Mothproof bags

Moulded pulp products
Moulded seamless containers
Mounting cards

Mounting boards

Mourning paper

Mulch paper

Multicolored crepe
Multiwall bags and sacks
Musical instrument cases
Napkins

Nature papers (laminated with
leaves, etc.)

Novelties
Onion bags

Order books

- 134 -

Oyster palils

Packages

Pacfters lard bags

Pads

Pails

Paint strainers
Pallets

Pamphlet cases, covers
Pan liners

Panel board

Paper boats

Papeterie paper
Papier-mache specialties

Papyroline psper (linen fabric
pasted on)

Partition scéeens

Patterns

Pay envéIOpes

Perfumed paper products

Permanent waving paperse

Pharmaceutical paper

Pho;;graph record containers

Photo albums

Photo holders

Photo mount stock

Photostat paper



Picnic plates
Picnic sets

Pic plates

Ple tape

Place cards, mats
Plant covers
Plasterboard

Plates and dishes
Playing cards
Pocket sputum flasks
Postal card

Pouches

Poultry box liner
Profile paper (quadrille, etc.)
Rain clothes, cloaks
Reaction paper

Red wallets
Reflectors

Release sheets

Religious papers

Reptissuz (embossed tissue paper)
Resin-impregnated papers

Ribbon blocks

Rope manila sandpaper

Rugs
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PAPER PRODUCTS

%uled paper

Sacks, paper shipping
Sandpaper

Sandals

Sandwich bugs

Sanitary tissues
Sanitary towels
Satchel handles

Scale paper

Séreehs

Score cards and pads
Seaming cord

Seétional paper

Seed packets
Seed-germinating papers
Self-sealing wrapper
Self-sealing envelopes
Shelf paper

Shingles

Shipping cases
Shopping bags

Silver paper

Silver polishing paper
Slates, paper

Slippers, paper



PAPER PRODUCTS

Soda cups, fountain supplies,
straw

Souffle cups

Soundproofing tiles

Spiral tubes

Stationery

Stationers' shelf boxes

Storage bags, cases

Straws, soda and drinking

Striped paper

Sundae dishes and cups

Table cloths and napkins

Table decorations

Tablet

Tags

Tally cards

Tax paper

Tarpaulins

Tempered constrxruction boards

Test papers

Thimbles

Tobacco bags

Toilet paper

Toilet seat covers

Towels

Toys

Transfer cases
Tray covers

Tub covers, liners
Tubes

Turmeric paper
Twines

Umbrella bags
Umbrellas

Vulcanized fiber paper
and board

Wallpaper
Watermarked papers
Waterproof bags

* Waterproof liners
Water repellent begs
Wax paper specialties
Wet-stgength bags
Wet wash bags
Windows
Window shade

* Wiptng cloths

Yarns
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INSERT 2

Special Papers That Can Be Made by Hand

In addition to the paper products which can be made by hand, there
are many kinds of speclialty or sc-called "converting'" papers which may
be made instead of the more-or-less standaa? grades of paper--again, in
most cases, simply by adding certain chemicals or taking different steps
in the finishing process. These are papers which are used as raw materi-
als for further manufacture.,

Not only does this take the papermaker out of direct competition
with mass-produced paper as such, but it may provide a source of basic
converting papers needed by other industries.

As with the paper products insert, preceding this one, the follow.
ing list intends o be comprehensive, but ;t is by no means all-inclusive.
It should also be noted that there is an overlap between converting psapers
and specialties on the one hand, and paper products on the other; and
similarly at the ot§er end, there is an overlap with grades of standard
papers.

The asterisks (*) indicate papers which appear best-suited for

small-gscale or cottage production. Chapter 1l includes brief descrip-

tions of the processes involved in many of the papers listed here.
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€ONVERTING PAP
* Acoustical products--insulating
board; tiles
Acid-free peper
Acid-resistant paper
Album papers
* Anaiytical filter paper

* Anti-tarnish paper and tissue

Anti-acid manila (for insulation for

cables)

Anti-rust paper (for metal packing)

Apple and pear wraps
Apricot paper

Armature paper (for insulation
purposes)

* Art parchment

* Articulating paper (for dentists'

use)
Artificial leather
Artificial parchment
Asphalt laminated paper
Asbestos paper
Asthma paper
Auto tire wrap
S82con paper or wrapper
Ballova paper
Banunz bags

Barrel liners
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Basket liners

Battery boaryd and paper

‘Beer filter paper

Berry-box board

Biscuit paper

Black album paper

Black needle paper
Black-out paper

Black pattern paper
Black waterproof paper
Black wrapping paper
Blasting paperx
Bloodproof butcher paper

Blotting paper

Blue rosin sheathing paper

Blue tracing paper
Book-binders' paper
Book-cover paper
Book end paper
Book-match board
Boot}board

Bottle labeling paper
Bottle-packing boards
Box and barrel layer

Braille printing paper



Bread-bag paper
Brocade paper
Bronze paper
Buckskin board
Buffing paper

Building
asphalt
gypsum

roof slabs
artificial lumber
sheathing papers and boards
Burlap-iined paper
Butchers peper
Butchers wrap
Butter bag paper
Butter box linex
Butter carton board
Butter and lard wraps
Button board
Cable-insulating paper
Cable marking paper
Cake boards
Cake wrappers
Calendar board and paper
Calender roll paper
Can board
Can liners

Candle board
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Candy-bag paper
Candy-box liners
Candy-slab paper

Candy twisting tissue (for
candy "kisses')

Canvas note paper

Cap board

Capacitor peper
Carbolic paper
C:fripae panels
Ca;toniltnezn

Certon sesling papers
Cartridge papers
Casket paper
Cedarized paper
Celery bleaching
Cellulose wadding
C;ment paper and saecks
Chair seat board
Charcoal drawving

Check (or safety) paper
(to prevent alterations)

Check book cover
Cheese manila
Cheese vwrappers

Chemically treated paper and
boaxds



CONVERTING PAPERS

* China paper

Chocolate board

Chocolate wrapping
Chromatic paper

Cicar packs
Cigarette-mouthpiece paper
Citrus vrapping
Cloth-lined board and paper
Cloth-substitute papers
Coaster board

Coin wrap

Colored specialties
Combustible papers

Concrete-curing paper or
slabbing paper

Condenser foils and tissue
Conduit psper

Cookery parchment

Core stock

Cork paper

Corrugated board
Corrugated sheets
Cotton-batting paper
Cotton parchment

Cotton-yarn board

Crepe paper
Crinkle-lined paper
Cup paper and board
Curing-box liner
Currency paper
Cutlery paper
Cyprus marble paper
Demask paper

Damp proof paper
Dcadeniak felts
Decalcomania paper
Decorative papers
Delicatessen paper
Design paper
Detail paper

Dial paper
Dle-wiping paper
Dielectric paper
Disinfectant paper
Doily paper

D‘rug’ papers

Drum papers

Dry felt

Egg case board

Elastic paper (crepe)
* Crate liners
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Electric cable paper
Electrical insulaticn

[4
Electrical preassboard

* Fancy papers

* Pilter paper and boards

Firecracker paper
Fireproof materials
Fish wrapper

Flameproof (flame-retardant)

CONVERTING PAPERS

Grained board and psaper
Grass-bleacuned paper
Grease and oil resistant
Greageproof board and paper
Gunpowder paper

Gun wadding

Gusset felt, stock
Hair-curling papers

Ham wrapper

l, '
Flint Handkerchief tissue

Flour-sack paper * Handmade paper (fine)
Form board Hard paper (for electrical
insulating)
Freezer paper (frozen foods papers
and board) Holiday papers (decorative)
Friction papers and boards Hygroscopic papers (moist and
flexible)
Frisket paper
Imitation parchment
* Fruit paper and tissue
- Impregnating papers
Fruit containers and wrappers
Indented board
Furniture bogus paper .
Insect-resistant papers
Furniture paper (paper hangings)
bosrds ) Insulating board

* Gasket board and paper Interleaving sheets

Gasoline-proof paper Iridescent paper

(‘lassine paper Jacquard board and paper
Glycerine paper * Japanese vellum

Gold announcement paper Jeweler's Bris*ol, paper and

boards, tis:sue (anti-tarmist)
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CONVERTING PAPERS

Kite papers

Kraft corrugating material
Lacquered paper

Laminated glassine
Laminated paper

Laminated strawboard
Lampshade Bristol
Lampshade papers and boards
Lard paper

Latex paper and boards
Laundry paper

Layer insulation paper

Leather and imitation leather
paper and boards

Lincrusta paper

Litmus paper

Locker paper

Loin paper

Lottery caper

Loud speaker (radio) cone paper
Luminous paper -

Macaroni papermailing-tube
board

Manila for oiling

Margarine wrapper
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Match-box board
Match-stex stock
Matrix paper
Meat wrap
Metal protective
Metallic bronze paper
Metallic foil paper
Metallic (stylus) writing paper
Meter paper
yo
Mica paper
Mildewproof board
Milk container board
‘Mist board
Model boards (for shoe making)
Moisture-proof specialties

* Molded pulp

Mold-resistant papers and
boards

Money papers

Morocco paper
Hoéher-of-pearl paper
Mothproof paper
Mottled

* Mounting paper



“-J'

Mulch paper

Multiwall bag (kraft paper)
Music paper

Napkin tissues

Needle and pin paper
Neoprene-treated paper

Neutral gummed electrical papers
Noiseless paper

Noncombustible paper
Noncorrosive greaseproof wrapping
Noncurling gummed paper

Oatmeal paper

Obstetrical sheets

Odor-proof paper

Oiled board, papers

Oil-proof paper and boards
Orange-blank paper

Orange wrappers

Cutdoor sign paper

Overlay paper

Oyster-pail board - .

Ozone paper
Pail board

Paper cloth

* Papier-mach:e’pulp
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CONVERTING PAPERS

Papyrine

Paraffin and paraffined
papers and boards

* Parchment, vegetable
Partition chipboard

* Pattern paper and board
Pear wraps
Phenolic sheetsg
Phosphorescent paper

* Pboto album paper

jal

Photographic mountand
boards and papers

Photographic blotting
Pine tar paper

Plant drier
Plant-protector paper
Plaster-sack paper
Plaster board, base
Plastic coated papers
Plate wiping paper
Playlng-card board

Pleating paper and tissue

* Polishing paper

Postage-stamp paper
Pottery paper

Pottery tissue



'ING PARERS

2ouncing paper
Powder paper
Preservative paper
Protective paper
Pyroxylin-coated paper
Red rosin sheathing paper
Refrigator paper
Reinforced building paper
Reinforced paper
Release paper
Resin board
|Resin-impregnating paper
* Rocket paper
Rodente-resistant papers
Roofing felts
Roof-insulating board
Roéfing paper
Rope ermature paper
Rosin-sized sheathing paper
Rust-free paper
Rust-preventive psaper
Sack paper

flour

cement
charcoal

suger
nail
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* Safety paper

Sandwich paper
Sanitary napkin stock
Saturated felt

Saturating felts

Secondary corrugating material

Semi -crepe

Setup drinking-cup stock
Shecthing (building)
Sheatg}ng--waterproof
Shirt board

Shoe board, covers, counter-
stock

Silicated paper and beard
Silk protection paper
Silkworm-egg papez

Silo paper

Silver-coated paper and beard
Silver nitrate paper
Silver wrapping paper
Skipe

S;ate:s paper

Slate paper

Sosp wrapper

Socket paper



30ft plate paper (for engravings)
Soundproofing materials

Spinning paper

Sponl fiberboard

Stamp paper

Steak interleaving paper

Stencil boards and paper

Stereo paper and boards

Structural fiber insulation
board

Suede paper

Suitcase board
Sulphurized board
Surgical dressing paper
Table-top paper

Tack Board

Tailors' papers

Temale wrapper

Tar boarxrd

Tar binders board

Tarnishproof paper and board

.

Tar paper
Tarred brown paper
Tarred felt

Tarred sheathing
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Tarred slaters felt
Tea bag paper

Tea paper
Technical tissues
Tempered board
Templet board

Test papers and boards (for
laboratory use)

Textile board
Tile liner
Tile mounting paper

Touch paper (for fireworks)

* Towel tissue

Tracing paper

Transfer paper {(such as
decalcomania or pigment
papers)

Translucent bond (masterpaper

for direct printing processes)

Transparent paper
Tree-wra2p paper

Tube board (for mailing tubes,
etc,)

Twisting paper
Umbrella paper
Vapor proof paper and boards

Vegetable parchment



'CONVERTING PAPERS

Velour papers
Vulcanizing paper
Wallboard, paner printers
Water proof papsws
Water resistant papers
* watermarkgd papers
Waterproof sheathing
Waxed paper c o
Waxed glassine
Waxing paper . N
Welding paper |
* Wet-strength paper
* Yindow paper e
w1nds;1e1d%wipiné paper
* Wiping paper o e

* Yoahino

’
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CHAPTER 11

Converting Processes for Making Paper Products

The preceding pages in color -- Inserts 1 and 2 -- have listed a
great number of special kinds of paper and paper products which may be
made by a small-scale papermaking industry, or an industry based on such
papermaking. The point was made that these items represent possible pro-
ducts which may be usefully made without competing directly with large-
scale papermaking.

This Chapter describes briefly the processes and materials involved,
although it is hardly possible to go into all of the possibilities, or to
go deeply enough into any one of them to provide instructions on the actual
process. From what follows, however, planners and entrepreneurs should
lea:n enough about what is required to decided whether any of them appear
likely to be fruitful enough to warrant investigating further.

In many instances, the descriptions below indicate generally the
properties needed in the "body'" sheet which is to be converted or used as
the material for further manufacture. What these properties mean and how
they may be produced in the paper sheet are discussed in Part 1I, and
the descriptions below are limited to the additional (or in a few cases,
different) processes which are involved.

Where a number appears at the end of a description, e. g. (IR 16267),
this refers to a report on the subject which provides more details. These
reports are listed in Appendix II, by alphabetical and chronological number,
and with instructions for obtaining the materials.

Abrasive paper (sandpaper, emery paper) -- Using a backing paper which is
strong and flexible (usually kraft or rope paper), abrasive papers are made
by sprinkling abrasives onto a glué-coated sheet. Among abrasive materials
are corundum, diamond, emery, garnet, pumice, quartz, flint, sandstone,
diatomite, rouge (chiefly black magnetite or iron oxide) and such synthetics
as silicon carbide, fused alumina, boron carbide, tungsten carbide, titanium
carbide and metallic abrasives. Hide glue is used as the bond, except for
waterproof papers, which requre resins.

It is necessary that the abrasive be sprinkled over the paper evenly,
perhaps with 2 sieve as the paper moves evenly underneath. An ingenious
machine can be imade which first coats ‘he paper with glue from a revolving
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brush, which plays over tho surface of melted glue in a steam gluing-pot
below. Having accomplished this result, it softens the flue with a spray
of steam, and sifts the sand upon the surface, all surplus sand dropping
into a box below as the sanded or emery-surfaced paper passes over a roller.
Other loose particles are blown off a fan, while the remaining ones are
still more firmly fixed by a second jet of steam. Abrasive paper intended
for use on a producing machine.

Acoustic diaphrams -- The papermaking stock is deposited on a concave form,
in such a manner that it makes a tapering sheet with more thickness at the
outer and wider edge than at the central portion (IR 9659).

Album papers -- The papers need <trength for handling, folding and punch-
ing, and they must be able to take paste with the least possible wrinkling.
They should have no impurities which might stain the photographs. Often
they are colored black. A softness and bulk are helpful properties. Uork-
ing toward these properties in combination, the papermaker develops his
own process from his available fibe 's.

Anti-tarnish papers and tissue -- Used for wrapping silverware, aluminum
goods, leaded glass, hardware, razor blades, needles and other tarmishable
objects. Made of various papers, but msust be relatively free from reducible
sulphur compounds which yield sulphides, acids and alkalies (and thus tar-
nish). Copper salts or other inhibitors are sometimes used in treating
paper used for wrapping silverware.

Asbestos paper -- Made by combining paper pulp and the mineral amianthus.
its fireproof and non-conducting qualities make it a staple commodity for
many purposes, such as drop-curtains for theaters, insulation of electric
wires, packing of steam-pipes, etc., as well as for general insulating
purposes. Can be laminated. Can also be made waterproof by treating and
thoroughly impregnating the finished article with a solution of aluminrum
palmitate in petroleum, tetrachlor carbonic gas or other volatile solvent.

Asphalt laminated paper -- Asphalt laminated paper has various end uses.
Its primary purpose is to provide a water vapor barrier. Typical uses:

as a ply in multiwall bags where content should be kept dry; as a body
wrap on rolls or paper likely to absorb moisture from the air; as a sheath-
ing paper on house {loors and sidings, and as a water-resistant case liner.
There are also some uncommon uses such as bulk popcorn carry bags and
dried hop bags. Laminating is basically a coating operating with a second
sheet being applied on top of the coating while the coating is still in a
racky semi-fluid state. The particular problems involved in laminating
are control of amount of asphalt, maintenance of adhesion between the two
plies, and control of asphalt spots.

Bags -- Paper bags can be fashioned entirely by hand by pasting two
opposite edges of a piece of paper together to form a tube. The tube is
then flattened, and about one inch of an end folded over. The folded
flap is pasted down across one of the face surfaces. This is a flat-
type bag. By somewhat more complicated folding and cutting out, it is
possible to make also the square, self-opening and satchel bottom bags.
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For a model, sir !>~ “tain the desired bag, take it apart carefully, and
lay it out flat for a pattern for cutting and folding.

Beat: ~-saturated papers -- Such papers can be made into gaskets, automo-
bt .il-filter elements and embossed shee:s. They are made by new
r--cesses with such mat:rials as wool asbestos, certain ceramic fibers,
rubber or resins available in water-dispersion torm, ground cork, and
phenolic resins when they can be made soluble in water. These materials
are fully emulsified and put into the beater, where they are thoroughly
integrated with the fibers i{.: the pulp. (D-2917).

Barrels, pails -- Paper flour barrels, water-pails, and other like arti-

cles are made by cutting or stamping out their form from heavy paper
possessing folding properties. They can be made waterproof or grease-
proof or both (depending upon their use) by (a) treatment in the beater
or (2) by coating with the proper chemicals later, as described below.

Blotters and blotting paper -- This is a highly absorbent paper, made
with the minimum of beating and with usually no size, to keep the paper
as waterleaf as possible; for cheaper blotters, an absorbent filler such
as talc 1s added.

Boats -- Paper boats are made of especially prepared paper pulp, molded
and pressed into shape.. They are then coated with a waterprocf material.

Boxes, cartons, packages and containers -- These are made by cutting the
naper sheet according to a pattern which will provide all the necessary
sides and flaps when the paper is folded. (Usually, the folding lines
are :ndicated, or ewven "scored" (that is, pressed down along the line, to
make folding easier). !:ually the sheets are delivered flat to the ulti-
mate user, who does th: folding and making of the packages as such.
Special papers can be made to serve a variety of food and other packaging
needs (D-4020).

Cloth substitutes -- Paper can be used as a substitute for cloth for many
purposes. A heavy bamboo-fibered sheet makes a good lining for light
coats. If a strong fiber is passed through a mangler to shred the flber
thoroughly, it will result in a paper with a feel something like chamois,
which can be used even for dresses and which 1s practically impervious

to air. Wiping cloths, towels, table cloths, drapes, aprons, hats, and
many other cloth items can be made of paper. (See rugs, spinning paper.)

Cork paper -- This is made by coating one side of a thick, soft and
flexible paper with a prepairation ui gilue gelatine, and molasses, and
covering it with finely ground cork lightly rolled in. This paper is
used for packing bottles, glassware, etc.

Crepe paper -- This may be made by a calender which wrinkles instead of
smooths.
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Crinkle-lined paper -- Take tinted paper, put a white coating on it;

after paper and pigment are dry, then crinkle it to make interesting
patterns for decorative purposes.

Damask paper -- This linen-finish paper may be achieved by putting the
sheet through a calender covered with a plece of coarse linen.

Decorative papers -- This is a general term for papers which either have
patterns made in them or added later, and which are used for gift wraps,
lampshade stock, fancy box packaging, screens, wallpaper and even mountins
as a piece of art. They can be embellished in many ways by the kinds of
materials put into the stock (e. g., mica specks) or added later ( e. g.,
"flock," a fine fuzz) by using an adhesive. Hand-painting or printing
also may be used. Since such papers do not have to be uniform, and even
gain from the handmade appearance, they are a natural product for small-
scale industry.

Disposable diapers -- These must be made of clean, soft but strong and

wet-strength paper, without irritating chemical impurities in the stock.
They are then treated with some such substance as neoprene to make them
safely waterproof.

Draining sheets or liners -- For cooking fish and processing other
materials, it is necessary to noid the material in a way that will still
allow it to drain. A wet-strength paper which has holes punched in it
can be made by the usual process for wet-strength papers and by hand or
machine hole-punching afterwards (D-1136).

Egg cartons -- The carton is made of pulp which is molded on a die or
pattern. New pulp or reclaimed paper stock are used, sometimes in
combination with resins or other binders, depending upon the particular
shape required and the use of the pioduct. (IR 9659).

Envelopes -- These are made in a vailiety of styles, sizes and colors,
and can be made entirely by hand, as bags are made (see above). Special
watermarked envelopes with matching watermarked paper (see below) make
a luxury product.

Filter papers -- These are papers through which various liquid solutions
are strained--in industry, in medicine, in research. For different pur-
poses, different kinds of filters are involved, with different properties
and standards. The key properties are great wet strength and maximum
porousness; for many purposes, they must be absolutely pure of other
chemicals. The usual finishing operations are not applied to filter
papers; scmetimes the paper stcck is simply dried without sheet forming,
and sold as "filter mass." They have no sizing. For a specific use,

the customer can specify the degree of purity he requires (including
distilled water).

A paper treated with neoprene rubber provides a satisfactory cheap
substitute for the ordinary cloth filters used in processing many types
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of chemical slurry. A heavy kraft paper is made with 57 neoprene latex
as a binder in the stock solution. The latex imparts wet strength to the
paper and is sufficiently resistant to water and chemicals to permit fil-
tering of diluted acids and alkalis, most solvents and neutral salt solu-
tions. (D-2260).

Fireproof papers -- These are papers treated with chemicals so they will

not support combustion, {. e., will not carry a flame. They will burn,
however. Such papers are used for lanterns, serpentines, artificial flow-
ers, etc. They can be processed by alr-spraying them with a fireproofing
chemical, or by impregnation with a chemical such as an acetyl-cellulose
soluble in acetone.

Floor mats -- Sheets of paper can be laminated by an adhesive, to make
mats as much as 1/4 of an inch thick or more. Laminating a layer of tar
in the middle of the mat will increase the warmth of the mat. A final
step in the processing should be varnishing or other type of coating to
protect against dirt, scuffing and moisture.

Food-industry papers -- Paper can be used in a variety of ways to protect
food and to package it for marketing. The expense of such paper is more
than wade up by the damage and waste that are avoided, and by thke '"selling"
that a good package can perform for itself. By selecting a particular

food processor, it may be possible for a papermaker to develop a paper

and package especially suited to the food products involved.

The chief requirements of a food package are: (1) Physical pro-
tection of contents. Protection against sifting, handling, contamination
and insect infestation. (2) Protection against loss of quality. Resist-
ance to gain or loss of moisture, loss of volatile flavors, and absorption
of foreign odors. Resistance to grease penetration as in packaging of
mayonnaise, butter, peanut butter, etc., and to penetration and staining
of fruit juices. (3) Eye appeal--gloss, transparency, opacity, whiteness,
and color design features. (4) Convenience--as to size and shape. (5)
Shelf life consideration--fading of color, mechanical stability, ecc.

(6) Processing and storage conditions--as, for example, in packaging
foods for freezing and packaging of hot fruits.

In addition, paper can protect food in other ways: In the fresh
fruit industry, oiled fruit wraps are used to control scale in packed
apples. Paper is treated with a pure mineral oil substantially free from
odor, taste, and color which absorbs the gaseous respiration products of
the fruit. These gases, unless absorbed, would become concentrated and
kill or scald the skin, making the affected areas susceptible to rapid
decay when the fruit is brought out of cold storage. The oil is used at
specific concentrations in the paper and the proper viscosity and specific
gravity requirements have been carefully worked out. Later developments
in this field are the applications of copper sulfate to paper to control

- 151 -



grey nest rot in pears, and the addition of diphenyl, which is a mycostat,
to tissues for orange wrappers. These have greatly reduced the spoilage
formerly common in packing these fruits.

Butchers can use blood-proof papers for wrapping. Bread and other
foods that are handled a gond deal before being eaten without further
cooking should be protected by paper for sanitary reasons. Wrapping
papers designed especially for customers may prove a profitable market,
once the customers can be sold on the advantages to themselves in providing
paper packaging of some sort.

Gasket paper -- Gaskets can be made of absorbent nine-point chipboard

which has been impregnated with neoprene or some other such chemical. Bits
of cork may be included in the stock before the paper is lifted. A gasket

should be tough yet resilient, and fairly smooth and even, so that when it

is put in place between two machine parts, it will provide a complete seal.

Glassine papers -- These are highly calendered, smooth, dense, transparent
or semi-transparent papers, used for bags, envelopes, and printed wrappings.
They can be made from chemical woodpulps, mechano-chemical bagasse and
straw pulps, by full beating to achieve great hydration. A heated calen-
der increases the properties.

Grass-bleached or silver tissue -- This is extensively used for wrapping
silverware. See anti-tarmish papers, above.

Greaseproof papers -- These are usually made of pulps which have had a
long beating to give them full hydration; a finished paper can be immersed
in a bath of albumen and salt. (See also Earchmenc.)

Gunpowder-paper -- Prepared by spreading an explosive substance on paper,
with an adhesive as necessary. This is then dried and rolled up in the
form of a cartridge.

Handmade papers -- While this entire Manual is dealing with handmade paper
in a practical sense, a point should be made for fine writing and printing
papers that have the special quality known as "handmade" and which are
imported to the United States, for example, because of their particular
charm, aesthetic qualities and permanence. These papers, which generally
are shipped with the deckle edge not cut off, have an individuality and
personality which are marketable and worth the effort if they can be
achieved. In other words, all the papermaking effort should not go to
making papers as much like machine-made papers as possible. -

Impregnated papers -- These are papers dipped or soaked in solutions to
make them transparent, waterproof, airtight, greaseproof, fireproof or
odorproof. The result can also be achieve for some purposes by pouring
on a molten material such as hot asphalt or war. Pressure may or may not
be used. The particular chemicals used depends upon the end purpose of
the product.

Indicator, test or reaction paperxs -- These are used to indicate the
presence or absence of the specific chemical being tested for; usually
the indication is by the way the paper changes color. Litmus paper is a
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common example. These are usually unsized papers impregnated with the
necessary chemical to turn color. Among the different chemicals which can
be tested: hydric sulphide, chlorine, chlorine and ozone, arsenic, iron
and copper salts, nitric and nitrous acid, iron salts, coal gas and sulphur
dioxide.

Insulated bags -- See multiwall sacks and bags.

Insulating materials -- Paper can be used for four major types of insulat-
ing purposes (1) heat insulating, (2) structural insulating board, (3) elec-
trical insulation, and (4) sound insulation. The properties required vary
with the use; for instance an electrical cable insulation must have no
extraneous materials which would make the paper a conductor, and high ten-
sile strength and great tensile strength, because of the way it is bent
after being wound tightly. Thus, a paper process must be devised to meet
the specified requirements in each case. Beyond that, it is possible to
impregnate with chemicals, or change the texture of the surface, as may be
useful for the specific purpose. Sound insulation, which avoids smooth and
hard surfaces, affords special opportunities for handmade papers.

Laminated papers -- These are simply sheets of paper (and of other materials
used with paper) which are glued together. There are a variety of glues
used, depending upon the sheets and the purposes of the final product. An
introduction to the details of this process will be found in D-4120.

Metallic [sty1u§17paggrs -- Metallic paper is paper washed with a solution
of whiting, lime, and zinc. Characters written on this paper with a pewter
pencil are almost indelible. 1t may also be coated, for marking with a
metal stylus of silver, aluminum, lead metal, brass copper, zinc, etc. The
coating may be zinc-white or a mixture of clay, whiting, blanc fixe, lime
and barytes, mixed with gelatine.

Metallic [Eoill,papers -- Paper can be coated with metallic substances
such as bronze, aluminum or silver, tc make a fcil. The coating is a com-
bination of the metal in flakes and casein or a lacquer.

Milk containers -- In the U. S., many distributors are handling & large
volume of tneir business in paper milk containers. In addition to require-
ments for strength, stability, and leakproofness, paper for milk that must
be sterile, and public health authorities are very insistent on this point.
Control of bacteria depends mostly on a clean water supply and in keeping
machine systems sterile and slime free. This involves a knowledge of
organisms encountered and how to control them. To make the containers,

see Boxes, above. Milk containers would be wax-coated and delivered flat.

Molded pulp ~- This has been effectively used for many new functional and
decorative packaging jobs in recent years. Traditionally used for pro-
tecting eggs and for bringing the baker's pies to market, it is now em-
ployed in packages for fluorescent light tubes and for standard electric
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light bulbs. It is also used for the protective sleeves on liquor bottles.
In more uncommon shapes, molded pulp, made by the blown method, is used
widely for making decorative novelty containers for candy, lingerie, hosiery
and many types of dry merchandise for which an individualized container
provides striking counter display. Custom-made molds are often used for
trademark identity.

New wood pulp or reclaimed paper stock, either of which may sometimer
be combined with binders of plastic resins or other chemicals is used in thr
manufacture of these products. The pulp may be groundwood, sulfite or sul-
fate, used alone or in any desired combination, depending on the requirement:
for the particular shape to be produced.

Mother-of-pearl paper -- Glazed paper is first floated on a solution of
silver, lead, or other metal, then, wher dry, exposed to the vapors of sul-
phide of hydrogen, after which collodion is poured over the surface, pro-
ducing rich and fascinating color effects.

Multiwall sacks and bags -- Thesz are made of strong paper (usually kraft)
laminated or impregnated with chemicals to serve the intended purpose. When
several layers of paper are thus put together, they have great strength and
can substitute for cloth, wood or metal in many uses. Even a two-layer bag
with a tar lamination in the middle can serve as a heat-insulating bag for
carrying hot or cold substances.

Pag}er-mache’-- Used as the raw material for a variety ot products, this
can be a oy-product of a pulp-making plant. It is an exceedingly strong,
tough, durable substance, slightly elastic and not likely to warp or
fracture. It is used tc make ornamental boxes, trays, dolls' heads, toys,
anatomical and botanical models, artists' lay-figures, picture frames,
panels, mural ornaments, store window displays. For common uses, waste
paper is repulped and mixed with a strong size of glue and paste, often wit:
ground chalk, clay and lime added. In delicate work, dried pulp is ground
into a powder and mixed with paste and potash until a very fine paste is
formed, to be worked. Another method is to soak sheets of paper together
in a strong size of paste and glue, after which the object is molded into
the desired shape and dried in an oven.

Paraffin papers -- These are papers made waterproof by coating with liquid
paraffin. (See waxed papers, below.)

Parchment paper -- More accurately vegetable parchment, if is so called be-
cause it somewhat resembles true animal parchment. It is made by putting ¢
waterleaf sheet (of rag or other pure strong fibers) through a bath of
sulphuric acid, and then washed thoroughly and dried. The sheet 1s cdorles
and tasteless, either greaseproof or grease-resistant depending upon fibers
and treatment, and has a high wet strength. It can be used for food wrapp:
and as a printing specialty paper.

Pattern paper -- These are tough, foldable and durable sheets which can be
cut up and used for tracing out patterns for clothing and other products.
Since the surfaces of the sheets need not be uniform, so long as the sheet:
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itself is able to withstand moisture and other elements which might
distort its shape, this is a good product for a small-scale industry.

Pottery tissues -- Used to mean both thin tissue paper to wrap pottery
and the paper for printing transfers for pottery decoration. This latter
paper is prepared by coating the base paper with a solution of gum arabic
and starch in water. The base paper should be tough yet fairly soft and
absorbent, should not expand too much when wet and should be fairly close
and free of impurities and defects.

Rainbow surface tinting -- Wallpapers and many others are surface-tinted
by being run through a color-vat. An iridescent or "rainbow! surface is
givén by treating the paper with a wash containing sulphates of iron and
of indigo, and then exposing quickly to ammonical vapors.

Release papers -- These are sheets which are put next to tacky materials

to keep them from sticking together or to other surfaces. A specific
organic silicone has been found to present very unusual properties repell-
ent to many tacky materials, and it is simply coated onto a sheet of papex
with weight and other properties otherwise suitable for the intended use.
Such papers may be used in the food industry for pan and cake liners and
cookie bake papers; for candy, as drop papers (sheets may be reused re-
peatedly); for containers in the packaging of waxes, resins, rubbers,
asphalt and adhesives; for rubber during production ot tacky sheets; for
steel and other metals as a protection of highly-polished surfaces. (D-402¢)

Resin-impregnated papers -- These papers are used for insulating and for
building or manufacturing purposes, because they are hard, yet flexible
and "workable" by a carpenter. Thin sheets of fairly strong yet absorbent
paper are put through a bath in which the resins are dissolved in a solvent
such as alcohol, and which contains chemicals to soften the resin and keep
it from becoming brittle. After the sheets soak up the paper, they are
pressed together, sometimes under heat.

Rugs -- Serviceable rugs can be woven of twisted paper, expecially papers
treated with neoprene or similar chemicals. They may be washed with soap
and can be hung to dry; they will retain their shape, and have excellent
abrasion and wear resistance.

Safety-papexr -- So treated or coated with chemicals that any ink-writing
upon its surface cannot be erased, effaced, or removed without leaving
indelible marks on the paper. As its name implies, it is used for safety
in bank-checks or other commerical paper, to protect against alteration.
Chemicals such as the metallic salts (iron, lead, zinc and manganese) can
be added to the beater, or there can be a surface bath after the body
paper is made. Many processes for insuring safety are kept secret. Some-
times little threads of silk and other material are included in the pulp
to make duplication of the paper impossible. (Such papers are also called

protective papers.)

Slete-paper -- This takes its name from the fact that it can be cleansed
like a slate. It is prepared from paper of the required thickness and
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consistency, by the use of benzine, followed by a prepara%*ion made of
lead, zinc oxide, turpentine, seed-oil, copal, and sandarach. It may be
then coated with a 107 solution of formalin to make it washable, and is
then lightly calendered.

Soap papers -- These are used to wrap individual bars of soap. The paper
must be clean, free from discoloration as a result of contact and dilute
alkall, and resistance to the growth of molds; if colored papers, they
must not bleed or change by contact with the alkali. Each paper is made
ac~ording to the specifications of the user.

Solution-saturated papers -- These are made by passing dry, absorbent

papers through a saturating bath. Such papers must be soft and porous
to absorb the chemicals, and this tends to limit the properties of the
finished material. (See beater-saturated papers.)

Soundproofing materials -- see insulating.

Spinning papers -- Strong papers which can be twined or twisted into
threads or yarns (keeping their twist after wetting); the threads are then
used to make coarse-wove bags for oranges, onions, etc., or for making
fabric rugs. Sometimes callecd twisting papers.

Tar paper -- This is a coarse, thick paper coated or impregnated with a
coal tar product, and used for covering roofs and lining walls, to secure
warmth and dryness.

Tempered board -- A pressed wallboard (which see) is dipped into a drying
oil and then baked in an oven for hardening of the oil film. Then it is
put in a humidifying chamber to restore a controlled amount of moisture
so that it will not warp in usage. (E-222).

Touch paper -- Used for fireworks, this is paper steeped in niter so as
to burn slowly on being touched by a spark.

Toweling -- A creped absorbent paper with sufficlent strength to be used
without tearing or pulling apart, and with ability to absorb water. It
should also be soft and free from lint and unpleasant odors. Thus *'wetting
agents" such as sulphonic acids and their derivatives, pine oil, and sul-
phates of the higher aliphatic alcohcls are put in the stock. It is also
useful, for some towels, to give them wet-strength (which see).

Transparent paper -- This is made by several different methods. The usual
one employed is to apply a thin coating of a solution of Canada balsam in
turpentine, or a solution of castor or linseed oil in absclute alconol,

the alcohol in the latter case being permitted to evaporate, thereby render-
ing the paper transparent. Such payer is largely used for tracing purposes,
and may be restored to its origina! state of opacity, with the tracings

left unchanged, by removing the oil with a fresh bath of alcohol. Glassines
and parchments are transparent «r at least translucent papers (see descrip-
tions).
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Twisting papers -- Used in wrapping candy, by twisting around it. Must be
unsized to take paraffin coating, yet strong to withstand twist; calenderius
cuts down amount of paraffin needed. {See also spinning paper.)

Turmeric paper -- A yellow absorbent filter paper treated with extract of
turmeric root, used in laboratories to detect presence of acid. (See indi-
cator papers.)

Vegetable parchment -- see parchment.

Wallboard for construction use -- After a sheet of very thick paper is
dried, it is put under a hardboard press. This is a very heavy plece of
equipment (which couid be a central facility) to deliver about 1,500 pounds
per square inch of pressure on the board for about three minutes. The hot
platen contains steam at 500 pounds per square inch as a heating medium.
After the pressing, the boards are put in a humidifying chamber to restore
a controlled amount of moisture, so it will not warp in use. It may then
be made into a tempered board (see explanation). (E-222).

Wallpaper -- While this usually comes in rolls longer than can be handled
by handmade-papermaking methods, it is possible to make decorative sheets
which can be pieced together to cover walled surfaces. For this purpose,
the base paper is given a ground coat of clay or of casein and clay, and
then printed and perhaps embossed. The base stock fust be able to take and
hold ink, to resist bleeding of color, to stand wetting and scuffing, to
return to its previous size and smoothness after pasting, and to stick to
the paste.

Watermarked paper -- Any special paper, especially when handmade, can be
without too much difficulty. (See Page 86 for description of the process.)
This provides a custom paper for writing or negotiable or government use.
Inasmuch as watermarks can be made either very simple in design or quite
complex to the point of having a three-dimensional effect, art enters the
process in whatever degree may be desired or warranted.

Waterproof papers -- These are made by coating paper or paperboard with
such resins as phenolic, urea, melamine, nitro-cellulose, vinyl, and
with such other materials as plastisols, organiscls, waxes, rubber-waxes,
asphalt, tar, gum and shellac. An older way is to soak the paper in
shellac or borax. The Japanese use the juice of persimmon to waterproof
such items as paper umbrellas. See greaseproof papers, which are also
sometimes waterproof. ) .

Waterproof liner -- A heavy protector against damage by rough surfaces or
by water-seepage through cracks (in such usages as truckload shipping)

can be made by using a water-creped kraft paper laminated with a layer of
an asphalt which will not "bleed" in hot weather or become stiff or brittle
at low temperatures. It can be reinforced with cords in a diamond pattern
to eliminate cross tear. (D-3448).

Waxed papers -- Papers may be waxed in various ways. For food use, paraffin
should be used--not ceresine (a mineral wax which has 2n odor) or a paraffin
with an aniline dye. For other uses, it does not matter. Wax may be
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applied by a cold process, being dissolved in alcohol, benzine or another
solvent, and the paper immersed in a bath. ‘Wax may be applied hot, through
a bath of hot liquid which may also contain resins. The extra wax is taken
off by a pair c. hot squeezing rnlls, A "wet waxing'" process applies the
wax while the paper is on chilled rclls, os by putting the waxed paper in
cold water a.ter application, so that the wax firms up on the surface in-
stead of penetrating. Such waxed papers are also called '"self-sealing"
because a package with such paper will seal itself when heat is applied
later.

Jet-strength papers -- Papers treated either during the making (in the
stock preparation) or by coating afterward with synthetic resins such as
urea-formaldehyde and melamine-formaldehyde. This makes the paper able to
stand considerable usage even when soaked with water.

Wwindow paper -- A tough paper treated with linseed oil to make it trans-
lucent, used instead of glass to let light into buildings.
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CHAPTER 12

Requirements for a Small-Scale Papermaking Industry

Part II of this Manual described the papermaking process in rthe
range of applications to handmade paper as a cottage industry, including
something of the range of paper products which are possible to manufacture
This Chapter is designed to present the basic information--insofar as it
can be done accurately and meaningfully--on what is required in the way of
people, materials, supplies, services and financing to operate a small-
scale or cottage industry producing handmade paper. At some points, the
descriptions below summarize the material covered in detail in Part II,
in the interest of clarity. However, it will often be helpful to refer
back to the complete discussion.

Unfortunately, there are two very important reasons why it is
meaningless (1f not positively misleading and dangerous) to quote pro-
duction figures, cost ratios and the other data that are needed to make
a rational determination of the requirements involved. The two control-
ling reasons are these:

1. The variables in papermaking are too many and tno great to
bring together. Jue [iber is not clearly better than another; it is only
better depending upon such conditions as the kind of paper desired, the
costs of each fiber under the particular circumstances of where it is
located and how it must be handled to reach the production point, the
different processes that may be available and useful, the kinds of equip-
ment and other problems involved in each of the processes, etc. As noted
earlier, paper is considered to have the greatest number of independent
variables of any manufacturing process. The kind of fiber, the climate,
the kind of paper, the kinds of chemicals, the way they are put together,
the time involved in putting them together, the size of the batch, the
cleanliness of the material and the equipment, the skills of the people,
the kinds of machinery, the different ways to do each operation, the
thousands of variations in the product, and literaily dozens or hundreds
of other variables make it impossible to be too confident of any calcu-
lations based on generalities. Even the calculations based on definite
facts which have been decided in a specific case are subject to great
error, because small items omitted or mis-estimated may result in a very
great difference in total result. Only an expert in such matters, working
up the details of the particular operation, can hope to arrive at depen-
dable data and conclusions.
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2. There is no real experience in handmade paper that can be
equated across national or regional lines. Even if figures can be devel-
oped into a pattern for a particular kind of papermaking in Japan, or in
a particular state in India, the local conditions and the specific com-
bination of vari ibles of water, labor, fiber, customs, equipment, economic
organization, etc., will be vastly different from the combination which
will be necessary in another country. Any comparisons would be dangerous.

All that can be offered in the Chapter is the suggestion of enough
of the requiraments, within broad ranges of limits, to give a reader the
general picture for making one highly-important decision: whether the
needs for paper and/or cottage industry employment is great enough, and
whether the chances of making papermaking as a cottage industry useful
in his own country are great enough (fromn the general facts given) to
warrant the trouble and expense of further investigation to get at the
specific facts for the particular requirements of his country.

In simple terms, a reader of this Manual should be able to see in
a very general way what the possibilities are for handmade paper in his
country. If they look at all promising, he is then probably justified
in spending the time and money to get expert help and go into the question
more deeply and directly. 1If it is quite clear that such an industry
would not be helpful or could not work out, then the subject should be
dropped %o save the trouble and expense. The most one can do--from just the
reading of chis Manual--is to decide that the matter ought to be investi-
gated in mcre detail. An industry program should not be constructed on the
basis of what is learned from thig Manual, either T;"Cechnology or in
economics.

Because it may be of some assistance, readers are referred to the
FAO Forestry and Forest Products Study No. 5, “Raw Materials for More

Paper" (1953) for figures in some detall on large-scale pulping operations
using different processes.

RAW MATERIAL REQUIREMENTS

The principal raw materials are: (a) fibers; (b) chemicals for
processing, sizing, filling, surfacing or coating and product converting,
and (c) water. Each of these is discussed immediately below.

Fibers

The fact has already been noted that there is a great variety of
fibers useful for papermaking, and that these produce different products,
(A comprehensive list of these fibers, the processes they require, and
the different products they make starts on Page 30.)

It should also be noted that papermaking researchers are now find-

ing ways of combining different fibers to make other and better papers,
and the possibility that two seemingly inferior fibers wmay make a superior
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paper should not be ruled out. Even more likely, a small amount of a
special, expensive fiber may more than pay its way when it is added to a
cheap, inferior fiber to improve the quality of the paper which it produc:

No fiber should be considered as available unless it can be brought
to the processing point (1) dependably, when needed or before, (2) in
sufficient quantities not only for present demand but for likely increased
demand and (3) cheaply enough to let the resultant paper be sold at a price
the market can or will pay.

The amount of fiber which goes into a certain amount of paper cannot
be stated flatly to cover all cases. In some papers, it may be nearly 10(7
of tne paper--in other words a ton of pulped fiber (plus the water needed
for pulping) will make a ton of paper. But depending upon the amount of
cellulose in the fiber, it may take even three tons of raw material to m.:-
the ton of pulped fiber. Some other papers require a good deal of chemi:
additions, such as sizes, and such fillers as clay to give the papers bo:
and opacity. {There would naturally be a smaller percentage of fiber in
such a paper.)

For any given fiber to be made into any given type and quality of
paper, it should not be too difficult for an expert to determine with fai,
accuracy the amount of fiber actually requirzd for a certain volume of
production.

Considering that there will almost always be a waste factor as
well, it may roughly be estimated that it will take a ton of EUIPQQ fibe:
for every ton of paper. And--for very rough calculations for the purposec
of preliminary estimating only--it may be considered that for every ton
of pulped fiber it will take two touns of raw {iver after all unusable
materials have been cleaned away (that is, at the point of beginning the
actual fiber-beating process.) :

CHEMICALS FOR PULPING

The amounts and costs here depend closely upon the specific nro-
cess applied to the specific fiber for the intended paper, and upon the
availability of local chemicals. Sometimes, local substitute chemicals
are so much cheaper that their disadvantages are worth putting up with.

In somne processes, chemicals are not an important part of the
cost; and where chemicals do become costly, they sometimes make up for
this by eliminating the need for heavy equipment or additional labor, or
by making a valuable pulp out of what would otherwise be a useless waste
or raw material. Sometimes, the availability of local chemicals can
even sway tie decision as to which process to use; a process which might
normally be considered cheaper when chemicals are available at usual
prices may become more expensive if the chemicals must be procured abroad
and shipped long distances (especially if they are bulky or aeavy and
required in quantity). The availability of chemicals must be determnined
and costs established before the process can be determined, and only
then can the costs be figured for chemicals actually to be used, It is
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TABLE 2 -- APPROXIMATE CONSUMPTION OF CHEMICALS TO MAKE BLEACHED PULFP
(shown as pounds per one ton cf pulp)
CHEMICALS Cold Caustic Soda| Sulphate |Sulphite |Caustic Soda
A* B* A* B* Chlorine
Sodium hydroxide 200 60 20
Soda ash
Saltcake 180
Salt 320 260 1,000
Limestone 100 {100 330
Hydrated lime 200 200 80 40
Sulphur 60 260
Chlorine 180 120 120
Sodium Silicate 40 40 -
TOTAL CHEMICALS 620 560 460 420 810 1,040
*A and B refer to alternative methods of manufacture using different
chemicals. Sulphatz figures full recovery, including lime reburning

difficult, therefore, to suggest even a proportionate figure for chemical
costs. However, as a rough guide based on large-scale production in the
main pulp-producing countries, the TABLE above has been adapted from FAQ
materials.

Chemicals for Sizing

Wwhat was said above about chemicals for pulping applies generally
to sizing materials, except that it is seldom that the sizing agent will
be an appreciable part of the cost.

Chemicals for Filling

These depend very directly upen the qualitics desired in the paper.
They may be added in amounts that become an important part of the cost.
However, when they do, they usually more than pay for themselves by the
added price they help the paper bring. Contrariwise, some fillers amount
to a cheap substitute for a portion of the fiber content, and can be con-
sidered a savings factor instead of a cost factor.

The availability of chemicals, it should be remembered, should be
investigated as a principal requirement. This is particularly true of
fillers, since their advantage may be offset if they are not locally
available and require expensive transportation.

Chemicals for Surfacing or Coating

what has been said above about chemicals applies 1n general here.
It is not likely that coating chemicals will amount to an important
part of the cost, in any papers made by cottage industry.
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Chemicals for Product Converting

Where special chemicals are required to make an ordinary paper
waterproof or greaseproof or into an asphalt shingle, for instance, these
will be special costs recoverable from the added value of the paper pro-
duct. While such chemicals will of course have to be considered as a
cost factor in determining whether to undertake the special product,
these chemicals do not figure in ordinary paper processing. (See Chapter 11.

WATER

It is usually sald that the pulp and paper industry not only needs
more water than other industries, but needs it purer and softer. This
circumstance may make some countries feel they cannot sustain any kind of
a papermaking activity because of a short supply of water.

The truth of the general statement is subject to an explanation
which may change the picture, in three regards:

1. The water need is primarily in the pulping operation. If the
pulp is processed in an area which dces have water, the papermaking opera-
tion can take place in areas which may not have very much.

2. The amounts of water presently used are based upon the fact
that the operations generally take place where there is an unlimited
supply of water, and where it becomes more expensive to save on water
than to use it freely. In a materials-saving economy, such as the under-
developed areas generally have, the water can be saved and used again,
probably without seriously affecting the costs.

3. The great amount of water used is necessary to achieve the
highest possible quality of pulp and paper. Where it might be accepta-
ble to have a 257 reduction in quality of paper (a quality still accept-
able for simple printing and writing, and ordinary uses, under less
highly mechanized and fast-production conditions), it might be possible
to reduce the use of water by that same 257 or more.

Minimum water needs -- While the usual figure is perhaps 40 to
50 gallons of water for each pound of paper produced, it is possible,
even including the pulping operations, to make a useful grade of paper
in a small-scale operation with a gallon of water to a pound of finished
paper--particularly if care is used in hand-cleaning of raw materials
and if no chemicals are used for pulping or bleaching (a good deal of
water being needed to wash out residues of chemicals). The water used
in the process would be captured and reused, until it eventually becane
slimy. A vat need be cleaned but once a week, unless there is a special
bacterial slime problem. The greatest loss might be in the evaporation
and other waste in the drying process. It has been estimated that there
is a 2 or 3 pound loss of water for every pound of paper dried.
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However, by centralizing pulping operations where water does exist,
by careful use of water, and by timing operations perhaps to seasons which
dc have more rain or higher rivers than other seasons, it should be possi-
ble for almost any but a desert area to have water enough for papermaking.
(The rainy season would normally coincide with the time the farmers could
not be working the fields in any case.) And even in a desert area, where
only a few pounds of paper are desired for a school, perhaps, it may still
be possible to find the necessary water.

Kind of water needed -- Some authorities consider water as important
a raw material as the fiber. Water should be soft if at all possible. (One
way to test is to add some . re soap solution to the water; if it lathers
easily, it is soft, but if it curds before giving lather, it is hard.) The
water should be sweet, arnd it cannot be salt. It should also be free from
debris, color, turbidity, organic matter (such as bacteria, algae and
fungi), and excessive dissolved mineral matter, especially iron. A con-
stant temperature, wa:m if possible, is desirable (water works fibers and
chemicals well and rapidly at about 90°F.). However, these are all matters
which can be dealt with; filters and screens can improve the original
water supply surprisingly--and it may well be that a reasonably inexpensive
water purification system installed for papermaking might make possible a
better drinking supply; or vice versa, a better drinking supply might have
the added advantage of making possible a better paper industry. Chemicals
are available to control the bacterial growths which create slimes; these
bacteria do not attack cellulose, so they are not too great a problem if
the water is changed frequently and equipment can be cleaned regularly.
The paper itself will not be substantially harmed in most cases. Iron
present even in one part vu 10,000,000 can create stains or spots, and
must be carefully filtered out if present.

Power factor of water supply -- It is cf course obvious that if
the water supply comes to the location on high ground and drops to a
lower level, this is a substantial advantage in making possible a power
supply. This can be of three sorts: (1) mechanical power, by use of a
waterwheel and a gear-and-shaft transmission system, (2) gravity flow of
water itself through the equipment needing it, and (3) possibly the de-
velopment of electric power. Because papermaking is in many ways a
laborious business, any advantages of these kinds are substantial.

Waste waters -- The disposal of the used or waste water is impor-
tant, particularly if the pulp or papermaking is on a large scale. A
drainage system may be necessary to handle this water if the site for
the operation is near inhabited places. Salvage of many of the materials
in the water may be possible, often by filter systems again--and some of
the wastes may actually be helpful in the cultivation of some agricultur-
al crops such as plantain and papaya.
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PLANT REQUIREMENTS

The kind of plant and the equipment irivolved can be anything from
a child's apparatus in school to large-scale mechanical devices. It is,
therefore, again impossible toc be very precise about requirements and
costs, but the following may be helpful.

Building

This depends upon the size and kind of operation--and upon the
climate of the area. Fibers are beaten, and paper is made, much better
in warm water, so that at the least some protection from cold is required.
There should also be shelter to avoid rain and dust from doopping into
the pulping solutions or the forming sheets. Storage of raw materials may
or may not require shelter; chemicals almost certainly will. Drying acti-
vities may require a sheltered area, as noted below. The amount of space
needed for all of these items will depend upon the size of operation, and
the actual building requirement is therefore discussed in detail in con-
nection with the specific factors below.

Equipment

Equipment is available and to some extent needed for each of the
various steps in the papermaking process, even in its simplest form. At
its mechanized level, papermaking esquipment is both bulky and delicate,
but for cottage industry purposes, it will be rugged and requiring rela-
tively little protection--except for a large-scale mechanical beating
operation, if that is undertaken. Good machinery should always be well
protected to keep it functioning smoothly for many more years.

Separation of fibers -- This can be done simply by retting, which
may involve nothing more than digging a pit, into which the raw fiber is
put with certain chemicals and allowed to steep. Or it can be done simply
by hammering the fiber with a tool. It may be done also by mechanical
equipment of a very simple type, moved either by musclepower (human or
animal) or by simple mechanical devices such as a windmill or waterfall.
This involves grinders and stampers--generally large stcnes made to rub
against or pound down on the fiber to fray it and break it apart without
too much cutting.

At these levels, which are described in detail in Chapter 5, this
operation may be confined to a single cottage unit, each producer having
his own pulp-making equipment. However, the mechanical grinders and
stampers may be handled more efficiently as a central facility of some
kind, whether privately owned or as a cooperative or govermnment activity.
In this case, they would be much larger, involving perhaps some covered
area. This also would affect the size of the ccttage unit by eliminating
the need for heating equipment in each cottage.
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If the pulping operation is to be truly mechanized, by the use of
Hollanders or other equipment, again the equipment can be as large--or as
small--as may be economically desirable.

At one extreme, there can be an operation using wood as the raw
material on a large scale--not only for local cottage industry use but for
an export market as well. This might also hold true for a pulping opera-
tion using esparto or bagasse or its raw material, and perhaps other
fibers as their value is demonstrated. (These markets are likely to in-
crease as more becomes known about the advantages of mixing various pulps
to improve paper qualities.)

At the cther extreme, it is possible to get a rew 250-pound-per-
day pulping msnchine from $5,000 to $8,000, plus freight and installation.
(See Appendix IV for list of possible sources of information on pulping
equipment.) Some used equipment is available, but may scon become Sscarce.

If the pulp were to be imported, a locally made repulper costing
perhaps a few hundred dollars might do very well for a cottage industry
program.

Each of these machines should be in a covered area, with some
storage space for temporary holding of the pulp as produced.

Sheet-forming equipment -- For handmade paper, there are now two
somewhat different processes and thus two types of equipment.

The traditional method involves a vat, which is a tub cf some
sort, in which the pulp is kept stirred at the proper consistency. The
sheet is formed by dipping into it a mould, which is a screen or filter
with a frame around the edge to contain a considerable amount of the
slurry at the outset. Then the sheet must be 'couched," or taken off
the mould and laid in a stack or "post.'" The space required will depend
upon the size of sheet to be made, since (l) the-vat must be large enough
to easily accommodate the mould, (2) there must be enough swinging room
to do the couching, and (3) there should be room enough for the posting
without danger of damage to the new sheets by such things as drops of
water falling upon it from the vatman's hands. One papermaking unit may
of course have many vats--20 being not an unusual number.

The second method involves a box (described in detail on page 81)
which is just the size of the desired size of mould to fit inside, with
depth enough to hold a volume of slurry which will create suction upon
release. This released slurry must be caught in a tub or vat of some sort.
The couching and posting operations are the same as in the traditional
method of forming sheets, and the total space required is approximately
the same for either the vat or paper box method. Because the boxes can
be simply and locally made, and because the process involves mostly fill-
ing the boxes with slurry and releasing it, considerat.on should be
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given to having more than one box in a cottage unit. This way some boxes
can be filling with slurry while others are being worked to make the sheet

In the case of either the vat or box process, it is also a question
as to whether there should be more than one mould, or screen, for each vat
or box. In some cases, as noted pelow, it may be better to leave the
sheet on the screen for drying, rather than couching and pressing the
sheet. The screens, however, need not be an expensive item. (See Page 84 .

Drying equipment -- There are various ways to dry the sheet, and
they take quite different kinds of equipment and building space. The firs!
step, however, is virtually the same in each. Water must be pressed out
of the newly-formed sheets, and a press of some sort is contrived to achiens
this. Depending upon the sort of press, this can involve either a small
or large area (large if it requires a swinging handle to achieve leverage)
Beyond that, the drying process may be simply hanging up the sheets separ-
ately to dry, preferably in a warm and walled place that will keep in a
certain amount of the moisture to avoid too quick or uneven drying. How-
ever, some papers will dry well by laying on the grass in the open air,
or by sticking against a wall facing the sun, or even (in some cases
which by-pass the whole posting and pressing operations) standing up the
original mould itself with the formed sheet of paper still upon it.

There are also techniques for drying the paper with heat, and thes
are more economical and effective in the long run. The Japanese now lay
the sheet on a slightly warped sheet of metal which lies horizontally ove:
a fire. Another technique is to build two brick or stone walls a few
feet apart and parallel, so that a fire can be maintained between them.
Then sheets may be pasted against the outer side of each wall and dried
with the hels of the heat coming through the wall. This latter is, of
course, a sizable piece of equipment, depending upon the size and number
of sheets dried at once, and is usually built without benefit of shelter.
An inside version can be made of this wall. (See Page 91 for detailed
discussion.)

Surfacing equipment -- Insofar as this is a separate operation
(depending upon the kind and quality of paper being made) it may involve
a piece of equipment called a calender, consisting of rollers under
pressure, through which the sheet is pressed to smooth it down. These
may be of local construction in most cases. Or it may involve a table
for hand smoothing by rubbing the sheet with a special stone. Certain
kinds of paper require dipping the dried sheet into a solution of chemi-
cals; this again can be either a simple or elaborate operation; at its
smallest, it involves a tub somewhat larger than the sheet being made.

Finishing and storage equipment -- Normally, sheets should be
trimmed to a uniform size and packaged. This requires a suitable area,
table or platform space, and trimming equipment--of which the simplest
form is a very sharp knife. As for storage, this will depend.upon mar-
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keting circumstances. In some cases, even a few sheets may be taken away
at once; in others, large amounts of paper may be stored against an infre-
quent collection. The space required will, of course, vary with the
practice involved.

Research and testing equipment -- Slightly different growing condi-
tions may affect fibers enough to change the quality of the paper, or at
least to alter the process required to make the pulp and paper. Also, new
fibers may come onto the market, at a price which warrants experimenting
to find their usefulness. It would be helpful, therefore, for at least a
central facility operation to have some testing equipment to judge the
results of experiments. The types of equipment involved are discussed in
Chapter 10. Their cost would vary from a few hundred dollars for a scale,
caliper and perhaps one other key tester (depending upon the properxty of
the paper which best identifies it) up to $5,000 or more for a versatile
testing laboratory. A research laboratory could cost much, much more if
it included equipment for making experimental paper.

General Layout

The only considerations to take into account in how the plant
should be set up and where the equipment should be placed are:

(1) those involving materials handling. Pulp zad papermaking have
a definite flow of operations, and if the intake of raw materials and the
operations which follow one another are so arranged that the material
needs no unusual handling to go from one point to the next, there will be
a considerable savings of manpower costs. The possible exception to this
comes from advantages which may be gained by a different arrangement to
use mechanical power, as described below.

{2) precautions toc 1nsure that the pulp and paper are nct damaged.
As has been noted, drops of water from a vatman's hand can damage a sheet
of paper they fall upon; the post (i. e., the pile) should either be a
distance from the vatman, or screened from him. Also, as has been noted.
dust can damage the quallity of pulp if it falls into the solution, and
can create trouble for the fresh paper as well; again, precautions must
be taken.

Facilities for Removal of Waste

Depending upon the process, there may-well be a considerable
amount of waste water carrying chemicals that should not go back intoc
a common water supply for the community. Also, if the process involved
is very complex, there may be problems in getting the water from one
point to another in the plant. Pipes must be placed where they will not
be damaged or tripped over, and where they will not prevent the moving
of materials on wheeled equipment. The alternative of moving the water
by hand, with the use of pails and buckets, is of course slow and costly
in labor.

- 170 -



The exact solution to these problems must rest with an engineer
familiar with the subject. Under some circumstances, the solution may b
costly. However, in most cases involving special efforts to handle
wastes, it is possible to recover the wasted fibers or chemicals as by-
products, and the money savings here may offset thbe costs of handling the
problem. Where there is not too much waste to recover, and where water
pollution is not a problem to others downstream, the simplest solution 1s
to simply provide a channel for the water to find its way back to the
original water supply (but downstream). In some very small operations,
particularly where water is being carefully controlled because of shortage
conditions, there will not be enough waste water to worry about, and what
little there is can be thrown into an area reserved for the purpose, to
evaporate.

ENERGY REQUIREMENTS

For the smallest and simplest operations, no energy outside man-
power is required. In the sheet-making processes treated in this Manual,
no power is required. However, in the pulping process, the use of some
kind of power--from animal to electricity or water-power--is almost
certainly an advantage, if not an economic accessity. The pulping opera-
Livn is laborious, except insofar as chemical processes are invouiveu.

The amount of available power required for pulping depends upon the size
of equipment, of course. A semi-mechanized beating system (stampers, foi
instance) can be powered by a domestic animal. However, for a central
pulping facility, there probably would be more or less conventional
machinery with conventional power requirements; obviously the figures
will vary widely with the particular fiber being pulped, and perhaps with
the volume and the operating conditionc.

As noted above, for small-scale operations at least, there is a
great savings in energy where it is possible to have the fresh water entex
the mill at a high level and the waste warer drained off at a low level,
so that gravity may work through the system to eliminate the need for
human handling of the water. Where there is no such natural advantage,
it may be worthwhile considering a pump to put water into a high-level
reservoir tank of some sort to accomplish the same purpose.

Various simple mechanical contrivances can be employed in various
ways throughout production to minimize human labor. A manual on this
subject, called "Power Transmissions for Cottage Industry," is available
(see Appendix IIj.

TRANSPORTATION FACILITIES

Transportation must, of course, be adequate to bring in the raw
materials dependably on schedule and in the quantities required. A
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failure in the transportation system at this point means that the workers
depending upon this supply of materials are unable to work--&t no fault of
their own--and this not only reduces paper production but may cause extreme
hardship on those workers and their families.

1ransportavion of the material which an individual unit will require
or produce is almost always within the ordinary means of a person connected
with that unit. If a cart of some sort is not available, the person can
usually carry the material in his hands, on his back or on his head, as may
be the customary method in tiie country--because a few pounds make an economic
load of raw material or finished paper.

Except in some few special cases, there is no real problem of spcil-
ing of raw materials or finished paper, so that this does nct create any
transportation problem in itself.

Tf a papermaking center it to be set up with many producing units,
in a remote area, it is important to insure that there will be adequate
and careful transportation facilities to take the finished paper to the
market. Paper can be damaged by careless handling, and by being exposed
to rain, as for instance on 2z railroad flat car or an open ox-cart.

LABOR REQUIREMENTS

Paper can be made in almost any size of cottage unit--the larger
the better, of course, for full efficiency and perhaps for quality as well.
If a mechanical pulper is involved, it probably will be advantageous to
have as many as 20 vats. However, there are units in Japan which consist
of one vat, one bamboo screen (or moculd), one wooden press and one steam
dryer, using wood fuel, the whole operation being conducted by two women.
One of the women brings the rulp from a cooperative common-facility
center by hand cart.

It is difficult to make a flat statement about the smallest
efficient unit possible--but it is true that work is speeded if one
person does the stock mixing and sheet-making and another person does the
couching and other operations. It is also well to have a third man to
do the mixing and the other cdd jobs. The capital required to do the
mixing mechanically is probably a goocd investment in labor savings, at
whatever wage scale is involved.

Because of the great differences in the various steps involved,
it is possible to have specialists even in a relatively small operation--
the pulp-maker, the vatman, the coucher, the dryer, the calenderer, etc.
It is also a worthwhile practice to keep a skilled, higher-paid worker
full time in the special operat’'on, rather than have him spend much of
his time doing other work that could be done by an untrained, lower-paid
worker.
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Either men or women can do the various operations; in Japan it is
about half and half. In certain types of sheet-making, however, the wejgh!
of the would vi oCrcen when it is dipped and lifted with the stock still
in it, is quite heavy and is hard work for a strong man.

The amount of paper that can be produced by hand varies considerably,
depending upon a number of factors--especially including the skill of the
vatman or the handling of the paper box, the quality of paper being producec.
the kind of slurry or stock, the size of the sheet, the arrangement of the
vat and couching equipment, and the kind of mould. Also, when werkers are
cooperating together in a team and each specializing in part of the proces:
more can be produced than the total that would result from the work of al!
of them separately.

However, with the warning that these production figures may be mi:
leading outside of the local situation they reflect in India, there is
presented herewith the data offered by the late Shri K. B. Joshi in the
latest (fourth edition) of his official guide, "Paper Making,' to paper
makers who might be contracting with workers:

"Trampling and rubbing waste paper to pulp. An average man can
prepare from 15 to 20 pounds of pulp by this process, [ per 8-hour day,
understood for all these figures] washing being separate.

"*Paper lifting. An average vatman with fair speed can produce 400
480 well felted sheets of double fools-cap size [ 17" x 27"] or 600-"00
sheets of blotting paper [per day], with the assistance of a coucher.

" Pressings and drying the sheets. Two adults are required to pres:
and dry the sheets made by one vatman. [In most papevmaking units, thic
would generally be reversed--two vatmen needed for one man to press and

dry.]

"Polishing. A man with good practice will glaze 120-150 sheets per
day by the old process. In case of calender two men can glaze 3 reams
of paper quite easily in a day.

" Cleaning. One man can clean 400-480 sheets of paper per day.
" Paper Cutting. One man can cut 3 to 4 reams of paper per day

with a sharp steel knife. With a cutting machine the number will be
double or treble.

v Labour required. On an average about 10 men [ 10-man-days?] are
required for the production of one ream of paper."

The number of sheets produced a day by one vatman--from 400 to
480--seems to correspond roughly with production in Japan and China.
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The production that is possible with the paper box under ordinary
working conditions has not yet been determined, since it has never beern
put into a cottage-industry operation. It seems likely that it will pro-
vide more useful paper than can be produced by any but the highly-skilled
vatman under the traditional methods. A team of two workers should be
able to produce perhaps a hundred sheets an hour. One person would control
the valves to fill the boxes, the other would pour in the slurry and re-
lease it. The process would go even faster if the slurry could be fed in
by a gravity flow. The coucher would remove the screens from the box and
restore empty ones, although perhaps he would nced an assistant for this.

It is most important to note that in the vat operation, considerable
skill is required, whereas the very little technique which is involved in
the box method can be learned quickly. Not only must vatmen be paid con-
siderably higher wages than other workers, they do not exist in most parts
of the world, and their training takes as much as five to 10 years on the
job to turn cut really uniform and high-quality sheets. The box method
may require more workers for efficient production, but they can be devel-
oped out of an available labor supply, their wages can be at the prevail-
ing rate for ordinary work, and they will produce uniform work of a
regulated quality.

Most workers in a cottage unit would receive the pay of semi-skilled
workers standard to the area.

It should be noted that in its simplest form of technology, pulp
and papermaking is material-saving in its orientation--taking advantage
of surplus labor to make a valuable product. As the value of workers
increases (with the improvement of the economy) and the money value of
paper decreases (in a high-technology economy, paper is cheap), this
particular industry is in a position to take increasing advantage of
labor-saving equipment--especially in the pulping and stock preparation
operations.

SAFETY AND HEALTH REGUIREMENTS

The safety factors to be taiien into account in a handmade-paper
cottage industry are generally these:

1. The chemicals used are sometimes harmful to eyes and skin
if they splash about or are mishandled; however, under ordinary usage,
they may be handled without any harm to those using them. Once they
are in the pulp or paper, they are not harxmful.

2. If a mechanized pulping operation is included, there are of
course the usual dangers involved in handling electricity and getting
hands or clothing caught in moving parts. Again, with ordinary precau-
tions, there is no reason why the operation cannot be conducted in
complete safety.
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3. Some more advanced pulping processes involve steam and pressurv,
with danger of explosion or scalding. There are adequate precautions which
can be taken to eliminate these dangers, if and when such processes are
used.

4. Fire is used to heat water and to dry the sheets, in some pro-
cesses. Here again, ordinary precautions can make the use of fire quite
safe.

The health factors in papermaking are generally these:

1. If the raw material is waste rags or waste paper, there is the
possibility of disease being transmitted through the waste. In addition,
an excess of dust and lint in the handling of these wastes may be unhealth
ful. In general, this can be controlled by adequate ventilation and (in
extreme cases) the wearing of masks and gloves.

2. Ventilation is also needed in some areas of operation where cou
siderable evaporation of water is involved, and of course where certain
chemicals may be used. ’

3. If the process which is used involves a worker putting his hand»
in and out of water hundreds of times a day--as in the vat-moulding of
sheets of paper--there may be harmful effects, especially if the water is
warm and the surrounding air is cold. Keeping the area warm will minimize
this problem.

4. Care should be taken to prevent the drinking of water once it
has entered the papermaking process, since it probably will have dirt or
chemicals in it.

5. Waste wafers should not be allowed to contaminatz the regular
drinking supply of a commnity.

MARKETING FACILITIES REQUIREMENTS

These will depend upon local conditions and upcn the volume of
production (and thus the amount to be marketed)}. Requirements may range
from none--for the individual cottage unit which brings his finished pro-
duct to a cooperative center and is paid on the spot for his sheets--to a
quite complex operation for the cooperative itself, especlially 1f it is
dealing in large volume and in different kinds of peper.

It probably will prove necessary for the marketing agency (e.g.,
the cooperative) to have a place where sheets may be inspected and sorted
into different grades and types of paper, and accumulated until sufficlent
quantities are on hand to meet specific orders. Also, it probably will
be necessary to package and label the sheets--perhaps in standard ream
lots--for distribution purposes, and an area wust be provided for such
purposes. Tables and storage bins or shelves will prove useful. Scales
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and other measuring equipment will be needed, and in the case of really
important operations, there perhaps should be testing equipment to insure
quality control. (This may be in conjunction with the research equipment
noted above.)

BUSINESS MANAGEMENT

Facilities should be provided for conducting the ordinary business
of the industry. At one extreme, this would be virtually unnecessary--as
in a single unit of one family, where the business amounts to buying pulp
and selling finished sheets from a cooperative or entrepreneur right in the
commnity. However, at the other extreme of a mechanized pulp-making oper-
ation or a cooperative production and marketing organization, there would
have to be (1) correspondence and records concerning the purchase and de-
livery of raw materials, (2) records of dealings with the cottage units in
their purchases of the pulp, and (3) full control of all financial activi-
ties. In addition, there would have to be office space of some sort for
the person or staff involved in actually operating the central facility
or organization. ;

OTHER SERVICES AND SUPPLIES

Beyond the specific requirements described above, there are no
particular needs which a small-scale papermaking industry would have--
except, of course, the ordinary facilities and materials which people may
need wherever and whatever they are doing. Here are such things as toilet
facilities, drinking water, facilities for obtaining or preparing food and
eating it, regular comminication facilities such as mail and telephone
(especially in the case of cooperatives or central facilities), and some
type of recreation facilities--because papermaking can be a laborious
and monotconous type of work.

A CASE STUDY IN CHINA

Through the courtesy of Dr. J. E. Stepanek, Consultant to the
United Nations Bureau of Economic Affairs, the following case study is
offered as at least suggestive of the requirements and results of a
small-scale papermaking activity, and should be read in connection with
both this Chapter and the next. It is a report on a mill in Sinhua, in the
mountcains of Westernm Hunan, China, and assistance to it in 1948 by a
UNRRA-financed agency, tiie Agricultural Industry Service.

Paper had long been made there of bamboo, by the traditional hand

methods. As Dr. Stepanek reports {the rest of this Chapter being in his
words) :
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By this [traditional] process, master craftsmen have been able to
turn out an excellent paper for brush writing. However, it is expensive,
is not physically strong, nor uniform in quality. A better quality paper
is required for printing presses, for wrapping paper, and for other
commercial uses.

Previous experience in China, at the Sinhua mill and elsewhere, had
demonstrated the possibility of producing a greatly improved paper even in
small plants. The requirements appeared to be better beating and quality
control of the sizing materials, the filler, dyes, and bleach. The recon-
struction of the Sinhua mill made possible a further technical development
of the small scale paper industry.

The shortage of paper and the resulting very high, if not prohibitive

price, for imported paper made such an investment fully justified. There
appeared little likelihood at the time that capital would be available for
the establishment of large modern mills within the near future.

While the equipment at Sinhua was under repair a testing project
was carred out at the AIS laboratory to determine the technology and the
economics of the various paper products that could be manufactured with
the simple equipment available. Fifteen types of paper were produced ex-
perimentally including natural color, bleached and dyed papers for elemen-
tary school text books, for writing, posters, wrapping, match box covers,
etc. Sample booklets were made up and used to test the market in nearby
urban centers. It was found that at Hankow a ready market existed for
writing and wrapping paper and that boat transport could be utilized. A
number of the chemicals required including potash, resin, China clay, and
rice starch were produced in Hunan. Others such as ferrous sulfate and
sodium carbonate had to be imported and were expensive. Bleaching agents
were not available at an economical price. Simple operating and control
procedures were devised and workmen trained in their use.

Simultaneously with the laboratory and training work an improved
beater was being buil% and the other equipment repaired. A new highway
made possible easy transport of the equipment to the plant. Within the
scheduled period the plant was ready for operation. The installation
included:

Buildings. Open shed construction totalling 20,000 square feet on
a 50,000 square feet plot of land. . Plant was located on both river and
truck road. . ’

Water Supply. River water secured with 5" x 5" steam driven pump
and stored in 2500 gallon stone reservoir plus 1000 glllon elevated steel
tank.

Bamboo Washing. Eight pits each 11" x 11" x 2" of brick construc-
tion lined with concrete.
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Digestion Vessels. Five wooden vessels with steel bottoms direct
fired each five feet diameter by eight high.

Power Source. One eighteen horse power steam boiler operating at
100 pounds pressure driving ane 10 1740 x @ 1720 seeam engine belt con-
nected to two Hollander beaters plus one 5" x 6! steam driving a 3.2 KW
lighting generator.

Hollander Beaters. Two beaters with 30" deameter rolls 25" face
rotating at 200 rpm set in tub of wooden construction. Each beater had a
capacity of 70 pounds pulp dry weight, required approximately 5 horse
power, and was mounted over two drain pits used for finished pulp storage.

Paper Making Vats. Twenty wooden vats averaging 90" x 48" by 30"
depth. If used on one shift only each vat can produce 40 pounds paper per
day. (Average output of entire plant taken as 500 pounds per day.)

Moulds. roch vat was provided with a mould, 40" x 50", and a
screen, locally fabricated £rom fine bamboo strips held together with silk
thread, on which the paper was formed.

Presses. Each vat was supplied with a locally manufactured lever
press capable of extracting the water from . stack of 500 sheets.

Drying. The pressed sheets were dried by pasting on a plaster
wall heated on the reverse side with flue gases. After removal and bail-
ing inte reams of 500 sheets, the paper was ready for the market.

THE. RESULTS

In late 1948 with no more than to-be-expected difficulties the
plant went into operation. An economic analysis showed that uader the
conditions then prevailing the plant would show an excellent profit.
An attempt has been made to translate the rapidly fluctuating currency
of the time into [1958] U.S. dollars to show operating expenses and in-
come for a typical month. Whlle the costs prevailing in this very remote
area are far too low to have an significance in any other country, they
are believed to indicate the relative costs of the various factors for this
one locality. -

OPERATING EXPENSES PER MONTH

I. Personnel: 1l works manager, 2 technicians, 3 office staff, 2 machinists
plus 4 helpers, 20 skilled paper makers, 2 semi-skilled, and 14
unskilled workers; 48 individuals .......... teraesensassse$ 390.00

II. Raw Materials and Supplies:
Green bamboo delivered to plant, 16 ton required for 12,0N0 pound

fir\ished paper. ® @ ® ¢ 0 0 0 0 O s T O T E S S T L O S E RS P E SO e S eENEEY .$320.00
Po ta’sh ] 2 ton ® 6 5 5 2 4 0 & F 0 0 0 9 b6 0 08I O S D S E N LGS G e DS SNt O s 162 . 00
Alum, 740 pounds..cv.ceeeesncccncercnnn seesesecsansessaes 15,00



Resin' 660 pounds ,C.C.Q....'..'..'..‘..O.........O..'.....s 10'00

Ferrous sulfate, 410 pounds....c.oceeen ceeetssersossanannans 4.00
Sodium carbonate, 60 poundS ...cevcrecrcaresstsccvsnrcacnes 4.00
China clay, 400 pounds ...ececeeescccecrossansssssssasnsnanse 2.00
Rice starch, 200 poundS ...coceesececcsesecsssoosscsacsvons 3.00

Coal, 30 ton 0'.'.'.."..‘.......0.."'.‘...l..'.....'....‘. 150.00
MiSCEllAnNBOUS v vecceoeosccesasnsassces . sonssosesasosccosecscsss 60.00

Total ¢ 5 8 G 2 2 S € 5 8 0 0 6 U 0000 0 0D O A OB SN O L OB s s 0 d e oo 410.00
II1. Sales Promotion and Shipping Expense ......cecieiiecreocaans 80.060
1V. Maintenance and RepairsS c..eeeeeeeeiveosstosaocosancsosssracos 30.00

V. Fixed Charges:
Land, buildings, and equipment value including rehabili-
LALION COSTS tescesssasossosssesssssssasscanssssseasessssss 4,000.00
Operating capital ...cieeeieececeererscosccocscsveaconssnsass 3,000.0.
Interest on capital at local rate of 407 per year ¢...eeee. 250.0¢
Depreciation rate on fixed capital, 107 average ...c.ccecceo 30.00
Total expenses per month .....cceecsvcecoscsesssscsssrssss 1510.00

Income:
200 reams of 24" x 36" writing paper at $5.70 per ream of
500 sheets (40 poundS) cev.veeeenosnsscscssvonsascecsassscssss 1,140.00
100 reams of 24" x 36" wrapping paper at $5.70 per ream of
500 sheets (40 pPOUNAS) «iicesnnsosscncscssonsasosocansnsnssas 570.00
Total INCOME tesviocnsesrsanessessasscsssersersssssanssesnssscecse 1,710.00
Net profit per month ..... eessessseseet s eenans ctetcesaceancs 200.00
The above assumes one shift operation, 24 days per month, 500 pounds per
day paper.

VALUE OF MECHANIZATION

The use of a power driven beater in this case could hardly be called
the mechanization of a hand process since as is often the case the product
was of such superior quality that it could reach entirely new markets. The
combination of product design and process development along with mechani-
zation had created a product new to the area. Even so it is interesting to
compare the costs of the two techniques in an econcmy, at that time,
charging 407 per year for capital but paid skilled workmen only 310 per
month for a 48-nour week. The mechanized process would cost an estimated
$124.00 per month for an estimated capital investment (two beaters plus
power plant) of $2,500 amortized at a rate of 107 and carrying an interest
charge of 407. Two silled operators are included.

Twenty unskilled workmen would be required to beat out an equivalent.

weight of an inferior pulp. In the village possibly surplus labour would
be used at a less than subsistence wage but hired labour would require $6
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per month or $120 total. Obviously the value of mechanization lies in
the possibility of two shift operation at little added cost as well as in
quality improvement.

TECHNICAL ASSISTANCE COSTS

A careful record was kept of all costs incurred by the ALS for this
project. The direct machine shop expenses charged to the mill came to
$220 equivalent including the fabrication of two beater rolls.

The services given by the AIS technical staff amounted to approxi-
mately two months' time of a senior engineer, six man months of junior
engineer time, plus four man months' service of a laboratory technician.
The total cost was $750 plus an additional $200 for subsistence and travel
costs while at Sinhua. In addition three junior staff were kept at the
mill for a period of three months to assist the engineer and to receive
practical experience in paper mill operation. This cost an additional
$150 including subsistence. The above expenses were incurred over an
initial period of three and one half months plus an additional period of
three months. The total cost comes to only five per cent of the gross
value of a single years' product--again assuming shingle shift operation,
or approximately 157 of the total investment. This latter figure compares
favourably with development costs in a developed economy.

FURTHER DEVELOPMENT

The fixrst attempt at assisting the paper industry having proved
successful thought was given to extending the work geographically to other
areas and also to the further technical improvements at Sinhua. The next
mechanization step was found to be the substitution of a steam heated
calender roll for the heated plaster wall. The rolls would not only com-
press the paper but would apply a finish to both sides. One pair of rolls
could replace the ten unskilled workmen requared to apply and remove the
paper from the old dryer.

The next step considered was thav of using pressure rather than
open vessel digestion. With the latter only young and more expensive bam-
boo can be utilized. The temperature is not sufficient to dissolve the
gums binding the older fibers. An all-metal enclosed digester would make
possible a temperature that would digest not only old bamboo but cellulose
waste materials from the jute, ramie, and hemp industries.

Considerable attention was given to the economics of a machine-made
paper on a very small scale--virtually the last step in the mechanization
of a small plant. It was found that a half ton per eight hour day Yankee
type two cylinder machine would be profitable under conditions prevailing
at Sinhua. Such a machine could be manufactured at Shanghal at a cost
approximating $20,000, including a 70 horse power motor. High capital
charges in this case would force three shift operation.
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Later such a machine was installed and operated near Chungking to
provide paper for mass education publications.

CONCLUSION

The Sinhua plant reconstruction showed that capital was available
(at 407!) for small industry development in spite of the political instabi-
lity. (The Hunan govermment changed less than one year after the plant
started to operate.) Even at this high rate of interest and with skilled
workmen available at subsistence wages it was still profitable to make the
first steps towards mechanization. However the value of mechanization
alone was obscured by the paralleling product development work that re-
sulted in a product new to the market. Further mechanization decreasing
labour requirements and adding a little to the quality also appeared pro-
fitable. In all such analysis it was realized that comparison was being
made between the Sinhua product and the cottage industry fully hand made
paper. There was no competition with the large industry project, and it
was thus not necessary to make a cost comparison. When an attempt was
made some years later to introduce the same paper making process into an

economy having access to machine made paper it was found to be most
unsuccessful.
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CHAPTER 13

Factors Affecting a Decision to Undertake the Industry

Reading of Part II on the production processes and Chapter 12 on
the cechnical requirements should nelp in understanding that must be
taken into account in determining whether to go ahead with a small-scale
papermaking industry, and on what level. The present Chapter will go in-
to details of the various points to consider in deciding on the feasibili-
ty of such a program.

Unfortunately, no figures can be offered as to costs or revenue
which would not be highly misleading outside of the particular area in-
volved, or without full knowledge of all the factors iavolved. For
example, transporting raw material 100 miles may cost little or much,
depending upon condition of roads, season of year, type of vehicle,
terrain, and luck. Labor costs may vary with efficiency, skill, interest
and health--to say nothing of the help or handicap which a particular
piece of equipment or type may be, or the particular ease or difficulty
being caused by the fiber at the time, due to climate or other factors.

In a Manual such as this, however, it 1s possible to make these
points:

l. Some countries, notably Japan and including India, find that
handmade paper as a cottage industry can sustain itself and make a contri-
bution,; even where there are mechanized paper mills in operation. This
would seem to warrant full investigation by other countries which have
either {a) a serious nezd for paper and paper products, or else (b) an
under-employment probliem, especially in off-season work and especially if
this is coupled with the availability of wastes and residues which can be
made into paper. ’

2. The evidence suggests that pulp and papermaking as a small-
scale industry has certain characteristics useful in the early technolo-
gical development of a country: it is material-saving in orientation
but can become labor-saving; it can start with the simplest of processes
and equipment, and move to increasingly complex ones to improve pro-
duction; it is flexible in its set-up, to take into account lscal con-
ditions as they are and as they change; it can absorb additional capa-
city and develop higher-quality products as the market grows.
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3. As to the specific economics of the situation in a given
country, this must of course be determined locally. There are several
specific cost and income factors which can be identified, and which can
be explored locally by -an Tandustrial Institute or other agency (see
Page 198), working with a pilot operation, to get reasonable estimates
of actual economic factors in the circumstances. These economic factors
are listed and described below, and a suggesf.ed blank table is included
to indicate how an agency might go about -determining the answer for its
own area.

4, 1t is possible to operate a papermaking industry at various
levels of complexity, quality, quantity, veriety, etc., from rudimentary
cottage units through a semi-mechanized operation. What may be economic
at one level may not be at all economic at another level, and it may well
be that the simplest level is the best. Each of the different factors
must be studied in relation to one another, to find the best combination

And one of the important factors is how such an industry would tie in witlh
other industries. again at different levels.

5. Specifically, the kinds and quantities of products which may
be produced by small-scale or cottage industry in converting paper to
other items (see list on colored paper in center of this Manual) may
warrant considering the entire proposition from the standpoint of paper
itself being produced as the “raw material' for the paper product indus-
try.

6. No industry plan should be put into effect until a pilot
operation is actually run off, to insure at least a reasonable hope of

economic success (or else a guarantee of a subsidy, if the paper shortage
is that critical).

THE GENERAL PROBLEMS OF A SMALL-SCALE iNDUSTRY

In most ways, papermaking as a small-scale industry is very much
like any other small-scale industxy. There are problems which are common
to all of them--and althougn these problems are perhaps most serious in
those ancient handicrafts which have continued relatively unchanged for
a long period of time, it is at least important to be sure that a new or
expanded industry would not soon develop the same troubles.

These are perhaps tne chief problems:

l. Unwillingness to change to new methods and new desizns or
products.

2. Lack of modern, or at least efficient, tools and equipment.

3. Shortage of trained and skilled workers (as distinct from
merely willing workers).

4. ZInadequate training facilities to improve this situation.
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5. Resistance to moving toward mass production techniques in even
a part of the operation.

6. Inability (or even absence of desire) to standardize produciiuvn
or products, or even to achieve standards of quality.

7. Lack of efficient management.

8. Absence of coordination of effort within the producing area
and perhaps unwillingness to work together.,

9. Oppressive marketing practices (e. g., lecherous middlemen)
and inability to achlieve working agreements on beneficial
marketing practices.

10. Absence of coordination or guidance from the central Govern-
ment (or other planning body) to link the industry with other
programs.

11. Lack of entrepreneural capital.

Unless there is some awareness of the importance of correcting (or
in the case of a new industry, avoiding) such difficulties, there probably
is no advantage in starting or expanding a papermaking program. If such
a program is urgently desirable but these conditions are not right, then
the first step in any effort would be to educate the pecple to the point
of view necessary to achieve 3 successful small-scale or cottage industry.
(This point is discussed in the next Chapter.)

THE SPECIFIC PROBLEMS OF A PAPERMAKING SMALL-SCALE INDUSTRY

The specific problems of a papermaking industry are discussed
under the various sections which follow in this Chapter. It is to be
noted that the technical questions (of whether there is a usable fiber,
for instance) and the economic questions (of whether such an industry
can make a living for those in it, for instance) are not the only sub-
jects to consider, And it is important to realize thac ALL of the differ-
ent factors involved must be taken into account and answered SATISFACTORILY
before a decision should be made to go ahead with the industry. 1If, as an
example, everything is possible and workable, sxcept that the country has
a water shortage and the available water might better be used for crops
than papermaking, then ALL factors are not answered satisfactorily, and
the industry should not be undertaken.

Technological Factors

It has been said that almost any fibrous plant that grows can make
some kind of paper, Therefore it will not often be a quvstion for a
country as to whether there is some kind of fiber r snurce available. How-
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ever, as has been made clear, different fibers .ake different kinds of
processing, and make different kinds of paper by different processes. The
problem, therefore, is to decide what kinds of papers can be made in view
of the availahle resources and processes involved, and then determine
whether these particular papers would be useful or economical.

Reference to the LIST OF FIBERS, PROCESSES AND PRODUCTS (see Page 30)
will give some idea of what a country's alternatives are, once it is known
which fibers are grown or can be grown in the area.

Then, these questions must be answered in detail:

1. Which fibers do we have available:
--in a sufficient supply (quantity at any one time)?
--in dependable and continucus supply (over a period of years)*
--accessible to collect and transport to the manufacturing poln' ¥

2. Which of these fibers are processable under our conditionst
--do we have enough water? )
--can we achieve proper disposal of wastes?
--do we have the technological skill, labor supply, materials
and supporting services required for the process involved?

Economic Factors

Even though it i+ technologically possible to support a papermaking
industry, it may not be possible to do it at a cost {ALL costs included)
which will make it self-supporting--even eventually if not from the start
Unless the paper products can be of a good enough quaiity to be bought,
and unless they will be bought at a price that will meet all expenses, it
is probabiy not wise to start a papermaking industry. A subsidy for a
time may be necessary and sensible (this would include training and centra)
research), but if the industry can never by expected to reach an economic
point, then it will prcbably end up a block to progress by requiring the
kind of protection that will prevent a healthy alternative solution to the
problem of obtaining the paper needed for the country's growth. These
economic factors divide into matters of COST and matters of MARKETS.

Cost Factors tc be Considered

In general, the cost factors are the same discussed in Chapter 12
on requirements. Each of the required elements shown there must be fig-
ured in detail for the process under consideration. However, beyond that,
there . re other specific factors to take into account, such as these:

Fibers and other raw materials ~- Because fibers may be located in
different places, some of which are closer and easier to reach and thus
cost less to bring to the point of production, and because different pro-
cessing methods involve different kinds of equipment and different amounts
cf labor, it is obvious that thore is a difference in expense involved in
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should be a paperraking industry and where it should be located. Again,
! ) this should be done for each fibex and type of paper under consideration,
because they do vary.

The factors which should be taken into account include:

l. Cost of delivery to the location of raw materials required,
including fiber, chemicals.

2., Cost of locating the pilant and reople at the particular nlace
(if, for Instance, it was concidered ~hether it might be well
te move families from an overcrowded area to a less populated
place where other advantages make a papermaking industry feasi:
ble}.

J. Cost of bSuilding in one location versus costs {n other places

4. Cost of water, waste disposal and power as needed (some loca-
tions may have the advantage of falling water, which would
make mmich cheaper the handling of water throughout the pro-
cess by gravity).

5. Cost ot selling from the particular place.

6. Cost of delivering finished products to market Irom the
location, .

(W 7. Avallability of supplies and services (in terms of maintenance
office management, conmmunications, replacement equipment, tian-
portation Zacilities, marketing services).

8. Availabilirty of workers--enough pelple, enough skilled people
enough dependable people, able t> work at a pay scale that

will make the product competitive,

Marketing Factors tc be Considered

The market for locally-produced handmade papers is something that
can onlv bt determined loucally and at the time the question is being con:
sidered, This Manual, however, can perhaps be helpful in v ways:

1. It can make certaln observatlions which may provide food Inr
thought locally, and which can be tested out for their truth
in the local sitaation.

2., 1t can suggest the various elements which should be taken
into account in making a market analysis.

General considerations -- These are observations about the paper
market wihich may be pertinent and helptul:

-/
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1. Experlence shows that the rate of paper consummption is propor-
tionate to the rate of industrial activity. The @ore industrial produc-
tion, the more paper is dsed in the area, not only o industrial purposes
but for advertising, for pubdblications, for wrapping, for packaying, and
for other nrinting and ~riting. Specifically, communication invoivinyg
the written and printed wvord increases as industriclization increases; an
anderdeveloped area which 15 industrializing can ovpect that its aced Jor
priating and writing paper vill be continually iacreasing as it progresses
toward its goals., The social and economic level of g country can be
measured o e accurately by its consumption of paper ner capita, and the
level of coaonsampiion would seem to be a cause as well as a result ol the
existing level.

2. In countries ~here paper is especially short and/or the srice
is very hi-h, the present consumption of paper is no index of what the
market mizht be ~vith a more »lentitul supply and reasonable orice. Ther:
are so many uses IOor paper, that the market seems t o orrow with its avall
bility. Furzieiraore, this market can grow in perhaps ssecial wavs--as for
instance the wavy naper has become a vital tecessity of daily life in Japan,
for paper wliding doors, partizions, umbrellas, Jans and oHrher products,

3. There is always the possibility that the jovermnent should con-
sider some sor:z oI subsidy, if{ paper is made which directly scrves other
important purposes Iosr the people. Foo instance, good paper packaging

for rfoods might be important enough to sanitation to juszily assistance.
There is at least onc iastance in which packaging of small amounts of
fertilizer made it convenl:nt for small faruers ¢ take some home on

cach trip t£o the marketnlace, and this created a major improvement in

crops. Such advantages are worth coansideriny as part ol the market pictare,

4. A market is morg than an expressed interest or need., Tremendous
markets have been opencd ap Ior many products by imaginative and hard selling
--to crueate needs and demands which were hardly consiaered possidls at the
outset. The paper industry anizht very well be able to fiad ways <3 build
its market, aven (or oserhans csnecially 1) it is starting from scratch.

Yut with paeper, there almost certiinly 15 a market, vaiting onlvy Ior costs
tn come down. - .

5. In averaye or iarerior grades of »a er, a handmade-paper ind: s-
trv cannot hone to cumpete with a mechanized “acility. [T such competition
exists at the outset or is tikelv to arise in the {oresceable Tatare, the
only hope aad function of the small-scale industry is to develop juality
papers or different xinds of papers.

6. All of the unnecessary costs ~hich 2o into zhe making and mar-
keting of a product should be avoided as much as absolutely possible--
because they too often raise the price out of the competitive market. As

1

paper is a relatively low-cost item per saeet, in a small volune »{ pro-



duction on a handmade basis such extra costs will be particularly damag:: -
to the sale of paper. Lla other words, if iocal customs or trade proce-
dures wZll involve an eiaborate or expensive or heavily-populated chain
of middlemen and other handlers, {f there are premiums to be paid, or ex
cessive taxes, or other special cost factors, nlanners should take a long
hard look betore they cuommit themselves to a handmade paper program., Nor
should this problem be maintained by assumtng the solution is simply to
cut certain necessary aiddleman or marketing f{unctions, [t is as fatal
fail to do the full marketing job as {t is to come on the market with a
price that takes one out of competition.

7. Obviously, one way to cut costs 1s to mechanize as nmuch aa
possible. ways to mechanize rhe most backbreaiking and time-consuming pasi
of the papermaking process are suggested in this Manual.

Market analvsis -- It is difficult to determine what the market w
be for a new product, especially if price cannot be determined. tHoweve:
in the case of paper, the initial market may be indicared iIn some insta.
by the purcrases »f the kind of paper under yuestion from other sources.

f, for instance, writing paper is wo be made of a certain quality, then
the controlling tact is that there is now writing paper of that quality
being bought in such-and-such amounts at such-and-such a price. 1If the
small-scale tndustry can make the same kind of paper at a cheaper price,
there i{s economic justification (unless the going price is sc inflated t!
the competition would cut it down to a price below what the cottage indu.
try could in turn meet). Where the price at present is considerably higi.e
than the new industry would have to charge, the present juantity bought
not mean too much. This s because the quantity bought might increase s.
stantially when the price goes down. It may also be that a lower price
would mean a bigger market even i{or a praduct of lesser quality. If
people cannot afford an expensive quallity 'writing paper, they might neve
theless buy second-grade writing sheets if the price is low.

The marketing factors which must generallv be taken into account
are listed below. A summary of technigues for finding the data is re-
printed as Appendix I. Where more than one fiber and more than one kind
of paper seems to show ecopomic promise, the costs and markets must be
worked out for cach and 2 comparison made. These are the factors:

1, The present market (what quantities wilil be bought, at the di.
erent possible prices, which may in *urn depend upon the volas
bougiit--because increased production often reduces unit costy)

2. The trend »i the Juture market (up or down, and to what exteud )

3. The papers mnost Jdesired, and the likely levels »f acceptatle
prices.

4. The wnarketing facilities required (how expensive, a1t the Hutset

and over the long term; the costs of promotion, dvertisiag,
serling and other marketing activities, including delivery).
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%+ The degree of llkely effectiveress of advertising and promotion,
in reiation to the amounts expended.

6. The likely competiticn (hoth in terms of how it will affect the
volume of the¢ market, and what it will do to promotion and seli-
ing costs).

7. Standards of quality required (higher standards usually mean
higher production costs).

8. Specifically, whether there is or will be soon a mechanized
paper mill in completion (see the following for a discussion
of the advantages and disadvantages of such competition).

9. The soclal desirability of the market (that 18, whether the
market for the particular kind of paper is one that ought to
be encouraged or discouraged against other possible uses for
the country's efforts and resources--a different kind of
paper, perhaps, or a different kind of product).

Mechanized competition -- The experlence of Japan indicates that
the presence of a mechanized paper industry need not rule out a handmade-
paper industry. The competition from the mill mav well dictate that the
handmade industry refrain from making printing, writing and wrapping
papers--the cheap papers which are most logically mass-produced--and con-
centrate instead on:

(1) quality papers, such as fine printing and writing papers, bank-
note paper, parchments, stencil papers, and other speclal-purpose papers

(2) papers that are basic to other paper products (see !list in
colored section in center of this Manual)

(3) novelty and fancy articles

As a matter o>f fact, the presence of a mechanized paper tadsstry
affords a handmade-paper industry a substantial advantage--a pulping
operation from which it can get its own chief raw material, the pulp.

Possibility of U. S. market -- Although it 1s true that the
United States imports handmade paper, the amounts are hardly in suffici-
ent quantity to encourage any hopes that a new industry will find a
U. S. market. The total for all grades of lmport is under $200,000.
Obviously, a new producer vould find very keen competition.

However, there is always the possibility of a "break,” {f the
sroducer 1as sometiing of really top quality or most unusual appearance,
and if 1t cannot be copied ir. the U. S. While the graphic arts do not
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of fer a market, once in a great while an unusual paper will bhe taken uap
in the fine arts as an art technigue. Among interior decorators, there
are all kinds of possibilities--as witness a recent {ad of "bhutterfly®
paper from Japan, in which actual butterflies were laminated 1at) the

paper for lamp shades, screcens, and comparable i1tem . Specral arapping
papers can find a market. mce in a while. also there 1s a stecral ase
in book binding, and especially box coverings. However, the big oroblem

is in marketing--7inding the right person who can recopgnize a particular
paper and have a need :or it at that particular time. [t is definitedy

nothing to count upcn; no handmade-paper industry should be started with
this market in mind.

For the record, nowever, it can be ncted that for an extremely
high grade of handmade paper, aside from specialty ttems, the best price
today is 91 cents a pound, including duty and Ireight to New York. A
given importer might be interested in a sup;lier <ho could provide as
little as $500 worth of the item a year.

Organizational Factors

By organizational tactors, here is sgeant whether there will be
a cooperative of praducers, wvhether marketing 11l be handled separately,
how a central mechaniceda pulping ftacility soulld be owned, ctoe.
1 I 8 :

The more difZerent levels orf organtzation that are iavolved in
the making and marketing of the paper, the more costs thers will be and
the more people there will be entitled to a share o5t the sroarits--which
means less for each. In addition, there ts no Jdoubt that the oxpericnce
in some areas with middlemen «who take advantage af the prodacers will
make people hesitarve betore the middleman s accepted as a necessary leve:

On the other hand, the more people who actually work, the more is
produced and achieved, and the more there is to divide--L7 there is propes
efriciency and coordination. Especially as the volume gets larger, the
different specialized tunctions mav best be handled separately by diffor
ent levels of organiz.tion., The people 1nvolved may be so cificient and
far-seeing at their different functions that the handling costs «will go
down per unit and the market may be expanded to bHuy many more anits, so
that there will be a greater actual protit tor cach. This is what happen
in an economy such as the United States, wiere there are very distinct
specialties for such activities as manufacturing, nackayise, “holusaling,
retailing, advertisinig. These operations were not alwavs larse and fis-
tinct even in the United States, But they gol that wayv irom their smail
and simple beginnings by recognizing that there was an advantage 1n moviiog
in that direction whenever alternative choices arose as to whether to -on
tinue to handle the whole operaticn at one level or divide into specialtie -

In any case, at the outset, there should be some realistic calecula
ting as to the cconomic and social advantages wvhich would result from
organizing 1n diiferent .ays. Lt should be recognired Lhat the amount o
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time a person or organization spends in one kind of activity, or has to
divide up among a lot of different activities, has a very direct effect
on such matters as these:

1. How easlily and cheaply raw materials can be located and ob-
tained. (Lf a hundred separate producers each must place an
order for raw materials, the effort is almost exactlv 100 times
as great as lf one representative placed an order for all of
them--since the negotiations for any one order costs about the
same whether it !'s for a large or small amount of matcrial.
Much of the same rfactor applies in transportation of mauy small
orders versus one large one.)

2. Simiiarly, how efficlently financing, research, production,
management, quality control, marketing and distribution can be
achiczved by the various types of organization, and what this
would do to price and profits. Among the alternatives tried
should be "mixed" types, as for iastance a couperative to do
the pulping and an entrepreneurial system for papermaking and
marketing.

The question of just what share of the selling price should go to
the producer, and how much to middlemen, is of course a crucial on2 in
determining whether a pavermaking industry {s an ecuonomic feasibillty.
There would seem to be no satisfactory guide, e¢xcept to compute what it
will actually cost a producer to make the paper and assume he must meet
his expenses and have a fair profit. (Amortization costs should be in-
cluded in these expenses.) I{ the additional costs of marketing can be
added to that figure and allow middlemen profits, and still be at an
attractive market price, then the industry is economically sound on the
face of it. 1If these conditions cannot be met, even on a miniwum basis,
atfter careful eficrts to reduce costs, then the project is not economi-
cally sound--at least with the type of organization being contemplated.
(Sor different organizational set-ups are discussed 1n Chapter 14.)

Level of Operation

The volume of production possible or planned has a great cfiect on
the price which must be charged. Usually, the greater the output, the
less the cost for cach unit. Also, the cheaper the price, the more that
can be sold. This fortunate combination is the seccret of an "abundauce
economy,'" where everyone profits from selling more goods at lower prices,
making less profit on cach item perhaps but much more in the long run--as
distinct from the practice of making as great a profit as possible from
each item today, even though it may pravent the market from growing to-
MOTYOW.

It is important, theretore, to try to fligure the point which com-

bines the most production at the chegapest cost with what the market will
buy. The matter should be explored by dwveloping costs, production volume,
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prices and sales volume for each of the papers under consideration,
on the following basis:

1. Completely hand operated, from first processing of raw maters
al for fiber through papermaking, each cottage unit Joing the
entire operation, both in the traditional way of moulding and
with the new paper box process.

2., Pulp produced centrally, and preterably mechanically, with
cottage units taking the pulp and proucessing the paper sepasta-
tely. (This in turn should be considered against the cost o
obtaining the pulp elsewhere--perhaps by import.)

3. The numbers of units combined into a producing and marketing
group should be figured various wavs (as for instance, ong
villuge or a cluster of villages around a central pulping
facility) to see what happens to price and markets at diff-
erent levels of volume.

BROAL ECOMCMIC CCNSIDERATIONS

The encouragement and developmen’. of any cottaye industry also
involves broad policy considerations-- . hether the expenditure of time
and effort and resources will serve the needs of the country better
this way than the same expenditure 'n some other industry. The paper-
making industry raises this problem in perhaps more important and direct
a fashion than most other industries. ¥Yor instance, if the need for
paper is critical, ordinary economic considerations do not apply, be-
¢rise a country cannot grow and develop and progress toward its goals
without an adequate supply of paper. On the other hand, papermaking may
involve a considerable expenditure of c¢ffort tor small results,

1n terms of an integrated Jevelopment of a country's econocmy,
these are among the considerations to take into account:

1. The needs of the countrv for paper which can be ’)fodUC(‘d by
p 1 t b
a small-scale ir\dusr_ry .

2. The amount ot capital required.
-

.

3. The protection the product has from competition from imports,
the protection it is likely to continue to have, and the com-
petition it should have--trom a variety of points of view,
including political considerations.

4. The level at which it should fit in (should it be cottage
industry, or perhaps mechanized--depending upon capitaliza-
tion problems, employment considerations, national pride,
encouragement of handicrafts or industrialization, etc.).
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5. Specifically, whether it is better to import pulp and/or
paper, even if the local cost is competitive or less, to
concentrate local energy on other industries--or, converse-
ly, whether it is better to encourage a local pulp, paper
and parer products industry, even if the activity must be
subsidized against the price of imports. (Because of the
different natures of the pulping and papermaking operations,
it might turn out that a compromise of importing pulp and
developing a papermaking industry might be a feasible first
step in countries just starting out in the field.)

EXPLORING ECONOMIC ALTERNATIVES BY USE OF MGDELS

The decision to make paper or not, and at what level, and what
kind, and how much, obviously is not only complicated in each separate
question--it is ail the more complicated by the fact that the answer to
each question is changed by the way some other question is answered.
Specifically, there is the varying factor of cost in relation to size--
i. e., does an operation twice as large cost twice as much?

To keep track of the way all of these questions will affect each
other, and keep making the changes every time a factor changes, is quite
a hopeless matter. However, there is a fairly simple way to get the
same result. This is called "model making."

By this method, a grcup of "models" is set up for comparison. Any
one "model' is simply a statement or description of very specific circun-
stances and factors which will + taken as a fact, for the purpcse. For
instance, it can be decided tha. ne "model" will be that 20 ccttage in-
dustry units will go togethcr in a cooperative to make paper, with the
cooperative buying the raw materials, and the marketing but leaving all
of the processing t, the individual units separately to make and deliver
to the central peint. They will make a certain kind of »aper from a
certain kind of raw material. On the basis of this information, it is
possible to figure out what the cost and profit factors will be. Now a
second model can be "constructed," something like the first, except that
it will have 50 units in the group. A third model might be like the
first, except that a mechanical pulping device will be 1nstalled by the
cooperative for the use of all. A fourth model might be like the third,
except that it will have 30 units instead of 20. A fifth model micht be
like the fourth one, except taat it uses a different tiber to make a
diffevent kind of paper. aAnd so on, among all” the difiercnt combinations
that seem to be promising enouzh to justifv the effort.

If there is presently a mechaniced paper mill or one is likely
within some years, one model should very definitely be included to take
that into account.
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The GENERAL CHECK LIST OF COSTS AND PROFITS, on the next page,
gives in summary form the different consideratiors which should be figured
in making a model; these will be recognized as the factors discussed in
this chapter.

It oust be recognized that these models cannot take into account all
the factors to be considered, since some of them are not matters which can
be reduced to cost and profit factors. {See below.) This is quite beyond
the fact that it probably will prove impossible to get really accurate or
dependable figures in many of the matters iuvolved. It is simply that the
development of models--intelligently and carefully done--1is far better
than nothing. ’

After each of the promising combinations is made into a model and
figured out, it is then relatively simple to compare them with one anothe)
to decide~--all things considered--which is the best model to follow. Or,
in other words, which is the best way to proceed.

Basic advantages uf Pulp, Paper and Paper Products Industry

The intangible factors mentioned just above are included with
economic and technological considerations in the list of advantages pre-
sented in Chapter 1. While it is advisable to review them in full be-
fore a final decision is made on undertaking a small-scale or cnttaue
industry program, they may be summarized here briefly as follows:

1. Where need for paper is urgent, a supply can be provided.

2. People can be put to work simply, quickly, cheaply.

3. The industry is low-cost on a production basis.

4. Surplus skilled labor can be put into a permanent industry.

5. The industry lends {tself well also to seasonal peasant work.

6. Locally-made paper avoids problem of holding back economy
because of restricticns on importing of paper.

7. Locally-made paper of certain types frees foreign exchange
to buy papers which cannot be made at home.

8. The small-scale industry may experimsznt with paper techni-
ques as major technology cannot.

9. Local adaptations of new technology may lead small-scale
industry to important place in the economy.

- 195 -



BASIC CHECK-LIST OF COSTS AND PROFITS IN SMALL-SCALE PAPERMAKING

To figure, start with an estimated production for s normal month:
pounds (or reams, tons, etc.) of kind of paper
pounds (or reamsa, tons, etc.) of kind of paper, etc,

e iy ——

MONTHLY COST OF MATERIALS (to produce estimated amount, shown above)

-_

Fibrous material pounds (tons, etc.) @ - i
Chemicals pounds (tons, etc.) @ -
Filler (inert) pounds (tons, etc.) @ -

MONTHLY COST OF DIRECT LABOR (to produce estimated amount shown above)

workers of ccategory @ per mo, =
workers of Category, €tC...ccoovvssoce. =

MONTHLY INDIRECT LABOR (other people in the organization)

managers, with total monthly salaries of
maintenance, clerical, etc., total psyroll

OTHER MONTHLY OPERATING COSTS AND OVERHEAD

Power, light, other utility costs

Transportation costs to get raw materials in, paper out
Water (if bought by meter)

Office supplies, miscellaneous (mail, phones, etc.)
Taxes (other than on profits)

Insurance, rent, interest (if any)

Research, engineering services, other assistance

ll

MONTHLY SHARE OF CAPITAL EXPENDITURES

Totxl costs Depreciated,

amortized
Land cost @ months =
Beildings @ months =
Total equipment @ months =
Total tools @ months =
Total office equipment a months =

MONTHLY MARKETING COSTS

Warehousing, other expenses

Advertising, promotion
Commissions (not salaries if included in labor above)

TOTAL COSTS
INCOME FROM SALE OF MONTHLY PRODUCTION (as estimated above)

MONTHLY PROFIT (or LOS3)
TAXES N PROFIT (if any)

NET PROFIT (or LOSS)

AT T
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10.

11.

12.

13.

14.

15.

16.

17.

18.

The small-scale industry will build interest and an economir¢
baeis for a more substantial papermaking industry.

Similarly 1t will butld the technological basis for a more
substantial papermaking industry.

It offers a material-ortented industry which can change to
labor-saving.

A paper product industry as a specialized form of papermaking
may bring important advantages to industry and the economy as
a whole.

Handmade paper may serve as an art program.

The particular industry (s good in serving the economic and
political needs of the persons who would work in {t.

Making their own paper will stimulate a country®s people to
pride and thus to greater use of communication techniques,
to the benefit of the country politically and economically.

A tangible resuit will be assistance to literacy programs.

The industry will help improve groductivity.
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CHAPTER 14

How to Proceed

If your analysis of the deciding factors shows that a handmade
paper industry is warranted in your particular situation, then you have
the practical problem to face: how to proceed. This chapter is designed
to help you.

First, you need expert help. As has been stressed, this Manual is
{ntended to give you encugh information to let one gain a general under-
standing of the opportunities and the problems. But before you invest
sizable sums of money or stir up the interest of the people who will be
starting the industry, you must:

l. Find the very best way you can to combine general techniques
with your people's own established wavs of doing things.
There 13 no doubt at all that your present ways of operating
and thinking have yreat value; rather than disrupt these
assets and perhaps destroy them by introducing a conflicting
way of operating, you must find some way of adapting the out-
side techniques to fit into your way of doing things. This
almost always can be done when the value of the effort is
understood, because most people are inventive and ingenious
whenever they see that it will really help them to take advan-
tage of the new techniques being suggested. Your big job as
leader is .o help them see that their own best interest lies
in adaptirg these innovations to their needs.

2. Get a detailed market analysis of the future sales outlcok
for the paper industry.

3. Work out in detail all the mechanical, technical, administra-
tive and other techniques, equipment and resources nceded, to
do the job you think needs doing and can be done in practical
terms. At the very least, this involves expert assistance
from a paper engineer or chemical engineer,

4. Test each point to be sure that rt really will work as planned
and described.

5. Arrange financing as needed.
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6. Then put the plan into operation, through appointment of
officials as may be necessary, budset allocations, and educa-
tional programs.

In many countries and in many other flelds of industrv, it has

been found useful o establish an "Industrial Instituze® to cover most
of the steps involved in the fix points listed above,

An "Industrial Institute® (it may be known by another name, and
ls sometimes simple a part of a Nationa! Productivity Center or a

Servicio) is usually a governmental agency devoted to:

'+« Research on how best to adapt a particular industry or crafit
to the needs and present patterns of the country.

J« Planning nd promotion of a development program.

3. Guldance to persons who will actually enter and operate in
the particular industry--in such matters as technologry,
materials, training, financirg, management, and marketing.

L]
4, Preparation and circulation of information materiaise.
[n case of papermaking, a Pulp and Paper Institute could perform

the following functions and services, all of which are important in the
development of a cottage industry:

l. Research on what papers are needed and what available fibers
can produce them,

2. Techknical assistance on making paper--fibers, how to process,
etc.

3. Help to agriculture to produce useful tibers.
4. Encouragement to large industries (e. g., timber} to cooperate.

5. Develop standards of practice, terminology, quaiity, kind, and
size.

A. Testing for cuality control.

7. Research to improve techniques, develop new processes, etc.,
especially with local materials.

8. Develop screens and moulds best suited to local fibers and
processes, and pernaps undertake manufacture.

9. Encouragement and assistance to individual entrepreneurs.
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10. Help in organizing cooperatives.
11. Advise on purchase of central equipment.
12, Adviee on styling and design in products, as necessary,
through contact with other industries concerned and with
.andicraft associations.
3. Advise orn marketing and distribution.
l4. Adv.se on management practices and business procedures.
15, Advise on transportation.
i6, Assist with financing.
17. Advise on legal matters, including taxes.
18. Advise on personnel and on training methods.
{Further information in Institutes, now to set them up and
operate them may be found in thz ICA Manual, "Activities and Institu-
tions of the Industrial Technical Cooperation Program,' available through

United States Operations Missions., See Appendix I1, Technical Information
Materials Available.)

In any event, some agency would be required to undertake an action
program, as follows, to get papermaking underway as a cottage induscry:

1. Determine which fibers are available locally and which processcs
are best under local circumstances.

2. Plan an action program in detail, including such matters as
raw materials needed, where they are coming from, how they will
arrive, wh:' equipment is needed and how it will be obtained or
made, desiy . and packaging, marketing, sales and distribution--
including volume of sales and prices.

3. Test the program in a pilot study, and improve the pirogram as
necessary on the basis of these tests,

4., Establish a unit for pushing the program, and for education
and training all concemed.

5. Prepare educational and promotional materials.
6. Set up a demonstration center or a traveling center to help
train trainers--using models, simple laboratory equipment,

drawings, and perhaps (since a small papermaking unit is not
tou bulky) a complete pilot operation.
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7. Work out a capital expenditures program, help with ifinancing
and establishment of cooperative organizations and other
agencies or individual activities as may be necessary to get
oroduction units started.

8. Arrange production of equipment and processing mater.als as
needed, insofar as the cooperatives and other agencies mayv
not be able to do it for themselves. In particular, this might
involve the production of the moulding screens. (See Page 84.)

9. Undertake a training program--in such matters as production
techniques, business management, marketing.

The importance of testing the plan, both from the technical and
economic standpoints, cannot be overstressed. The investigation must he
thorough--which is to say it must cover all of the points noted in this
Manual, and cover them in detail. It must get down to cases, even to
where the equipment will be located. Obviously, it must be impartial,
and while it will have to be conducted by experts, they must be men who
do not operate from preconceptions, however honest and honorable these men
may be. One o the great dangers is that an expert who is accustomed to
thinking in terms of one fiber and process, for instance, may be unduly
influenced in his thinking and prove unable to understand the differences
involved.

ORGANIZATION OF THE INDUSTRY

The decision as to how to organize a small-scale or cottage indus-
try is sometimes as a matter of national policy and sometimes as a de
facto matter in view of the realities of the situation. Some may favor
cooperatives, some may favor a private entrepreneurial system, and some
may even see it as a government operation.

Assuming a governmental operation is undertuken only as a necess-
fty to meet needs which cannot be met by the other approaches, the sub-
ject may be covered here in terms of non-governemmntal methods.

Cooperatives

In a papermaking cottage industry, cooperatives could be set up
to obtain services and equipment ¢n a shared basis, to operate certain
central facilities on behalf of all, .nd to coordinate the individcal
efforts in such matters as czre left > individual units. These activi-
ties might involve the following list (which includes some alternative
methods) @

l. Determination of the papers which should be produced by the
members to best meet the market,
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2. Technical assistance in making the paper--i. e., information
as tou the kind of fiber required, how to process it, etc.--
and the training in improvement of techniques.

3. Central purchase of raw materials and perhaps equipment on
behalf of each member, to provide an economical and assured
supply; specifically, it could obtain the moulding screens.

4. Quality control on behalf ot the membership, by inspections
and by allowing use of watermark or trade mark on acceptable
sheets of paper only.

5. Central ownership of certain mechanized equipment for joint
use of all--particularly beating equipment.

6. A central marketing agency on behalf of all individual pro-
ducers (or it could buy the papers trom producers).

7. A central financial and credit agency on behalf of all to
obtain capital equipment and materials,

8. A central legal and advisory service, and leadership for

joint action in political matters such as taxes and labor
laws.

9. Handling of transportation details in obtaining of materials
and shipping of Iinisihied paper.

10. Central management ol all business activities,

11. Providing services such as power, water and maintenance in
each unit,

12, Providing the screens for moulds (especiallyv if watermarks
are involved).

Central Contractor

An alternative to cooperatives--one which may come about simply
by the imaginative efforts of entrepreneurs--is the development of a
private business arrangement, perhaps along the lines developed in
Japan. There, workers operate under contracts. with dealers at piece
rates; often they use rented equipment., The dealer may serve any and all
of the functions of the cooperative in relation to the individual pro-
ducers with whcin he contracts. He will be operating in his own business
interest, cf course, and this is subject to abuses which may require gov-
crumental control. But in the absence of other ways to organize and
merchandise, he will be performing a considerable service by making an
economic unit out of a scattering of separate small operations which can-
not survive separately. !l@ is particularly useful in a situation which
involves part-time work in the nomes--as would be the case where he might
provide both pulp bricks and "paper boxes" (see Pages 79 and 31) plus
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instructions, and would thus encourage the actual making of paper ‘n svare
time in the family unit., In japan, for instance, the systen allows the
family to grow rice in the sunmer and work on the paper in the winter--ano
wiille the winter's work may imount to no more than a few dozen reams, it
is needed employment and income, and it does add up (when all the tamilices
so engaged are added together) to a cunsiderable production.

An entrepreneur of this sort, or even a cooperative, will hardly
include "developmental® efforts in researching and improving techniques,
because it will appear to be energy and money which are taken from profits
In the long run, of course, such eflorts will probably increase profits
manyfold, and the private entrepreneur should be encouraged to undertake
all the modern business practices possible, in the interest of his Hwn
firm's future growth and stability,

In any event, an entrepreneur who {s considering investing his
money in the facilities for a papermaking industry should be cauticned to
study most carefully all of the factors noted 1n this Manual as affecting
the economic feasibilitwv of the project., Whether papermaking as a cottape
industry offers the private entrepreneur a good possibility of fair re-
turn on his investment, and a secure business with growth over the long
run, cannot be answered outside the particular circumstances of the
proposed business. Euirepreneurs might well be encouraged to consider the
possibility--but they must be advised also to 1nvestigate thoroughly be-
fore making a decision,

Trade Associdtions and “ederations

Where there are many different private companies or cooperatives,
and where the industry may be located in many different centers, it may
be useful to form a trade association or a federation of some sort. At
its simplest level, the trade association may simply involve memberships
and financial support to a central staff which does research on bechalf of
its members. For instance, how a trade association may assist with marnet
research is described in Appendix I. It imay pass along i:formation of an
economic or legal nature, and it may poll the members to I:nd their opiu-
ion on a matter arfecting their interests, and make this opinion known to
the government or the agency concerned. The federation (using th’is word
to indicate a type of organization which has closer ties to its cotsti-
tuent parts than merely financial support to a separate stafi) can
operate to provide financial support in turn for any of its constituents,
and perhaps negotiate with large-scale industry on behalf of all of them.
As an example, it might operate to keep prices of pulp low and uniforn
to all cooperatives or private proeducers, if the pulp were being produced
and sold by a major pulping plant whose first line of business was serv-
ing large paper mills. Also it might be able to obtain government con-
tracts unattainable by the units separately.

As demonstrated in other industries, notably textiles, regional

or national associations can help bring the benefits of large-scale
commercial organization and administration to the smaller units,

- 203 -



Peper Products Industry as a Special Case

The development of a paper products industry might create special
problems in technology and in marketing, because it would be even less
uniform and in smaller volume than paper production. Very likely, only
one unit might be making one special kind of paper product in the country--
say for laboratory filter peper. There could well be enough of a total
maerket in the country to keep the producer busy, and it would be useful
and profitable. But how would the technology be developed to achieve
satisfactory production of this special item in the first place? And how
would the producer and his market get together?

There is probably enough at stake to warrant special attention to
this problem--not for any one such paper product or any one producer,
perhaps, but because of what they add up to in total, both in kinds of
necessary products which may be locally made and the numbers of people
uasefully employed in the aggregate.,

It may be that the Pulp and Paper Institute zhould have a special
division concermed with the technological and marketing problems jnvolved,
or perhaps there should be a special national cooperative or trade assocla-
tion developed to look after the marketing problems at least., Coaceivably,
a governmental agency could be established to handle the problem on a
clearing-house basis, in the interest of serving all industry with the
special products which paper can produce, in small lots and probably at
substantial savings of foreign exchange.

CENTRAL FACILITIES

Whether the small-scale papermaking industry is organized as a
governmental activity, as a cooperative or as an entrepreneurial system,
it often proves most feasible e2conomically when some of its processes
are handled by a central fecility,

In the steps toward mechanization of the paper industry--or even
if the objective iIs only to improve the nandmade paper industry, encourage
it and make it competitive--the most loglical part of the operation to
mechanize is the making of pulp, or, even better, the stock-processing
operationse.

This is because the equipment and techniques involved are less
complex and delicate than the paper lifting operation, because they are
much cheaper to install and maintain than mechanical papermaking facili-
ties (smaller units are available), and because hand preparation of fibers
(pulping) involves much harder physical labor than the paper lifting and
finishing operation,

In addition, a more uniform paper can be achieved by having one
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central pulper or beater and hand sheet making than the other way around:
or, at least, desired differences can be better controlled by starting
from a uniform pulp supply than by dumping variable pulp types and qualt:
ties Into one vat for the paper-lifting operation.

Other advantages are theses

l. It is a more economical way to obtain pulp, over a long
period, at least.

2. It will simplify marketing of waste materials such as
bagasse, and handling to the manufacturing point--{f raw
material is not directly available to each cottage industry
unit out of its own field. Obviously, one purchaser deal-
ing with suppliers and able to buy a relatively large
amount at one time can achieve economies and simplify the
operation.

3. Because sometimes very superior papers can be made by mix-
ing fibers, a central beating operation can achieve this
mixing more easily and more scientifically.

4. Higher quality pulp will result than from ordinary hand
beating operations because of washing, bleaching, and
screening facilities. (On the other hand, it should be
recognized that one of the most lmportant factors contri-
buting to the high quality of some handmade papers is the
great care and skill with which some producers beat their
fibers.)

Therefore, centralizing the pulping or beating operation by obtain-
ing power-driven pulping equipment, or otherwise mechanizing or using heav.
equipment for chemical actions, should be considered from the outset as an
altermative to undertaking the whole papermaking process in the separate
units.

As explained in Chapter 6, the product of the mechanical pulper or
beater could well be a moist brick or rolled sheets of pulp, which would
be purchased by the separate cottage papermaking units. However, for
shipping pulp a long distance, it might be more economical to remove al)
the water possible (to reduce weight) and repulp again at the point of
use, as also explained in Chapter 6.

Obtaining a central pulping or processing facility can be achieved
in a variety of ways, listed here in no particular order of advantage or
l1ikelihood (since this varies s~ much from one location to another):

1. The timber industry might add such an activity to ite own

operation, as an additional market for what otherwise is
largely waste.
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2. Any large agricultural producer might add such an activity
to its own operation, for the same reason. This is parti-
cularly pertinent in the case of bagasse.

3. A cooperative might be established to purchase and operate
such a pulper or beater.

4., The government might install the equipment and elther
operate {t or lease it, as a subsidy to encourage the pro-
duction of an important product.

5. An entrepreneur, or combination of entrepreneurs, might
astablish a pulping plant or beater operation as a separ-
ate business activity, or as part of a marketing operation
handling handmade paper as well.

It is hardly likely that one paper-producing unit--short of a full-
scale mechanized paper mill--could utilize even the minimum output of a
pulping machine. For this reason, the possibility of a single cottage
inaustry unit owning and operating a pulping machine is not listed above.

In countries which either have a goling forest industry or which
are developing one from marginal activities, there may be special advan-
tages in attaching a pulp-making industry. (The later napermaking phases
could be tied in, or could be a separate operation, based c¢n purchase of
the pulp.)

If such a tie-in were arranged, all the chippable low-grade timber--
what would remain from the processing of high-quality lumber and other
such products--would be pulped. This would obviously be an additional
source of income to the forest industry, and would utilize wastes that the
economy <f a country might very well like to cut down.

Then, in addition, if chemical industries were tied into the same
set-up, the residues from the pulping operation--including recoverable
chemicals in the spent pulping liquors--could be utilized (along with the
sawdust and wood shavings of the lumber mill) in the manufacture of
chemicals.

Again, it should be noted that these operations could be separately
located in diff:rent areas, if there was some reason for it, such as
marketing, transportation, available labor supply, etc.

STANDARDS AND QUALITY CONTRCL

Cne of the reasons papermaking may be possible as a cottage indus-
try is that there may be a market--perhaps even an urgent need--for paper
which need not be up to the standards and uniformity achieaved by mass-
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production equipment. In other words, poor printing paper or writing paspc:
may be better than no printing paper or writing paper.

Nevertheless, even in such a situation, there is still need for the
product, and for a method of controlling quality to meet those standards.
These standards can be at whatever level may be considered practical, being
a balance of the skill involved, the water resocurces, the (iber avalilable,
the equipment, the effort, the time, the climate and other such factors--
and the market. It may be for instance, that a standard might be delib-
erately set low to avoid undue use of meager water supplies to wash the
fiber more and thus make it a cleaner paper.

But whatever the standards, they should be established by an
appropriate organization--the Institute, the trade association, the
cooperative, or the government agency--and insisted upon.

The watermark as a control device -- The fact that a watermark is
simple to form in paper (see Page 86 for explanation of the method) and
becomes a parmanent part of the product makes it a useful device for
control of standards. A special watermark svmbol can be furnished by the
control agency to any papermaker who will make his sheets in accordance
with the standards as set down. Inspeccion afterwards can eliminate such
sheets as do not meet the standard. This could be a government operation
or a private one, on a licensing basis; in the latter case it might well
lead to the development of brand names with corresponding marketing ad-
vantages.

The watermark, of course, has a positive use as an incentive de-
vice. A papermaker should properly take pride in his product--if it is
any good. If he must put his watermark on it, he will strive the harder
to meet the standard, or to maintain it if he has already built his
reputat:on. The watermark makes it 2asy to identify one producer's
goods from another's, of course, and will simplify marketing payments,
as well as avoid arguments in case wares get confused. (And, as was
noted in the discussion of possible paper products, there might well
be a market developed to provide special people--and perhaps government
agencies--with their own watermarked papers.)

Properties Which May Re Standardized

These are among the standards which should be set:

Standard sizes -- .ae sizes of sheets needed depend, of course,
upon the intended use. Printing papers are now controlled, for practical
purposes, by sizes of presses, or by customary sizes of paper for specific
purposes. For instance, in the United States, ordinary business letters
are put on 8 1/2 inch sheets. Because such printing does not need a
“trim" to even up edges, as does a book, the printing sheet can be 17 x 22
inches, so that a printer can get four sheets of business stationery out
of one large sheet. Where a standard correspondence size is already
established in a country, paper production probably will have to conforun.
In the same way, there may be other controlling factors.
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In any event, it would be well to make the sizes as standard and
as few in number as possible. This avoide wasix of raw materials (by
making sizes that are awkward and thercfore must be trimmed--and wasted--
to result in the desired si.e). It also simplifies merchandising and
stock in trade by workers and retailers, to say nothing of printers. The
more different sizes also imeans the more different packages required to
meet different demands--and every package involves a certain amount of
waste under most circumstances. Most countries have standardization pro-
grams, connected usually with international programs I standardization,
and paper sizes should be tied into those programs.

One way to control sizes will be to establish standard sizes ‘or

moulds--particularly if these are centrally made. Another way is by use
of watermarks, as discussaed above.

Paper Properties -- The qualities or characteristics which a par-
ticular kind of paper should have to be acceptable can be established.
For instance, a "bond" paper suitable for writing, tvpewriting or print-
ing, can be required to have a certain minimum strength, a certain
degree of cleanness and color, etc. These properties are described in
detail in Chapter 9, starting on Page 97.

Govermnent standards can ve imposed, of course, f{or goods sold
as a certain tvne or grade of paper.

Probably it is sufficient, however, i1n a cottage industrv, at
least at the outset, to achieve control by inspection through proaducers’
associations 2r cooperatives, etc.

Also, sorting and grading may be undertaken, after production,
by the marketinz agency, to insure high prices for really quality work.
A practical decision has to ve made as to the best way to get the most
money return, in total, for the effort. 1Is it better to get a high
price for a few sheets and a low price for all the others, or a standard
medium price for many sheets and a low price for all the others, or a
standard medium price for all? "Which way pays the most?" is the question.

In any event, to really achieve guallity and standardization, it is
very important that the producers understand exactly way they are teing
asked to meet certain standards.

Grades of paper -- It will probably prove advisable to encuourage
different units in the paper program to specialize on one or a relatively
few kinds (called '"grades") of paper -- those most suited to the raw
materials available, the processes and the markets. In this way, they
will best be able to ahhieve acceptable quality and the economy ot opera-
tion that will mean profitable prices.

However, it is very important to note that this kind of standard-
ization is not the same as the enforced type in connection with quality
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and sizes. There should be freedom to experiment with differcnt kinds of
paper, to explore new markets with new paper products, and to otherwise lct
the industry grow. Limiting the kinds of paper produced for any but the
soundest economic reasons will prove a mistake in the long run.

Techniques -- Standardization of techniques, insoiar as nossible,
allows an exchange and i1aterchange of people and equipment from one unit
to another, and tends to make operations more efficient. However, here
again, nothing should be done which will stifle the experimentation in
method and desizn that will lead to improvements and advances. Encourage-
ment of standardization--in a sensible, pusitive way by education and
training, where the producer is first starting out--may achicve the advan-
tages without doing the harm.

Terminolagy -- Standardizatlon of terminology cannot be enforced,
either, but in a new industry, it may be possible {or the Pulp and Paper
Institute, a national trade association, or other uagencyv to decide upon
a set of terms that will be used in all aducational, promotional and
training materlals, and in demonstrations. As a result, the industry
will have a uniform terminology--in its local languaze, it desirable,
although there would be advantages to using the English terms--and will
have no need to use varying and thus confusing words.

Settling on terminology sometimes means dividing on practices,
too. For iastance, will the word for "ream" mean 480 or 500 or 1,000
sheets? (All of these figures are now defined as a ream somewhere.)

EDUCATIONAL, PRCMOTIONAL AND TRAINING PROGRAMS

The needs for standardization and quality control, as noted in the
section just preceding, point up a whole matter of great practical impor-
tance. While stress has been laid on the tirst step of starting by setting
up a plan and testing it, the fact is that no plan can succeed if it is
not properly communicated. This involves achieving an understanding by the
people concerned of their own personal advantage in such a program, and
then helping them with the technical know-how recessary for them to zZo
about the work.

In practical terms, this means educational, promotional and train-
ing programs. A whole range of techniques and tools are available for
the purpose; the most important consideration is to get clearly in mind
just what the purpose is, and then get nrofessional assistance in carrying
it out. The exact form such communicative programs might take in any
given country would depend upon local circumstances almost entirely.

It is possible, however, to suggest that these elements probably
will be found useful to incorporate, in some way or another:

1. Why improving ouwe's lot is important and how it is possible.

2. Why paper is important, and what it can do for kunowledge,
literacy, enjoyment, freedomn and security.
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3. How one's self-interest can be advanced through participation
in this program (with specific ways suggested), by increased
economic security.

4. How it is possible to go along with a changlng technology and
still keep one's culture and traditions.

5. How, in tangible fashion, people can act--what they can and
should do as a first step, and where they will go from there.

6. Specifically, how they can get help to meet such problemz as
limited capital supply, small uncertain local markets, cheap
but untrained labor, inadequate transport, difficulties of
obtaining proper raw materials and making or buying equipment,
lack of supporting services including training, and health and
safety hazards,

7. How they can organize as a cooperative (if that is believed
the best organizational approach) or how they can proceed as
private entrerreneurs.

9. How they can protect themselves against unscrupulous adven-
turers--and conversely, if the country has a fear »f middle-
men, for instance, why they need not be feared.

9. Why risk is a good thing, when it is tied rationally into the
line of progress of the country.

10. Why other industries should promote this industry, for their
own advantage (for instance, the press stands to gain by en-
couragement of more use of paper and more reading, and
specifically by having lower prices eventually for their
own paper).

If it really is true in your country that there are advantages for
people in becoming part of a small-scale papermaking industry, and if this
fact is communicated to them along with assistance in doing something
about it, it will almost certainly follow that the industry will start,
grow and flourish.
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CHAPTER 15

Conclusions

The complexity of the details of papermaking in all of its various
forms has made this quite a long Manual. To insure that the key facts
come through, this short Chapter summarizes briefly the pointes made:

!

1. Locally-made paper may make an important contribution to a
country's development.

1.

2. Paper can be made simply, or at whatever level is desired,
depending upon quality, quantity, and kind of paper.

3. Almost any country can find local fibers to make some sort of
paper.

4. While paper can be made entirely by hand, it probably will be
best in most cases to provide a mechanized central facility to make the
pulp, and perhaps to complete the beating process.

5. By furnishing moist bricks or slabs of pulp to individual
papermakers, the central facility can serve both large users and even
the smallest cottage units.

6. The traditional method of hand-lifting a sheet of paper
from a vat requires long skill, but the new "paper box" may well elimi-
nate the need for this skill in most cases.

7. A central marketing agency, perhaps linked to the central
pulping or beating facility, can be a workable agency, controlling
quality and other standards.through the control of moulding screens
and watermarks. i ’

8. Where there is already a mechanized paper mill, or a reason-
ably-affordable supply of imported papers, it is still possible that a
local small-scale papermaking industry might find a permanent and use-
ful role in making specialty and converting papers, and even paper
products, which the economy needs.

THZ ADVICE INTENDED: From the reading of this Manual, you have
enough background information to study the. problem in view of your own
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local conditions, to see if papermaking as a cottage industry seems to
have any promise at all. (Be sure to check the list of possible paper
products and special papers which can be made, to see {f &ny of them

especlially warrant the effort.)

if there IS promise enough, undertake a detailed investigation.

If the results look favorable, PROCEED.

- 212 -



APPENDIX



IINT =N TONALLY
=
SILAN K




APPENDIX 1

Market Analysis Techniques for the Paper Industry

The article below is adapted from a report
on American practice prepared by Howard N. Feist,Jr.,
for the U, S. Point Four program, identified as
Report IR-10, 712, "Market Analysis in the Paper ai.d
Pulp Industry.” It provides both a summary of the
techniques involved and an indication of how a paper
industry trade association might be able to be of
service in this field.

Literature on market analysis is quite plentiful, consisting
of chapters in books written on the general subject of market re-
search and numerous articles in marketing magazines, such as JOURNAL
OF MARKETING, PRINTER'S INK, and AMERICAN MARKETING JOURNAL. Two
of the best general texts on market research which contain chapters
covering market analysis rather thoroughly are MARKETINGC AND DISTRI -
BUTION RESEARCH by Lyndon O. Brown, New York: The Ronald Press
Company, 1943, and MARKETING RESEARCH by David J. Luck and Hugh G.
Wales, New York: Prentice-Hall, Inc., 1952, However, the main
techniques as outlined in buth of these texts and in various articles
will be summnarized in this section of the report with a slant as much
as possible to the paper industry.

One must first realize that market analysis is only one phase’
of marketing researca and that the paper industry in this country
(U. S. A.,] goes more deeply into marketing research than market
analysis alone, although this phase of marketing research is one of
the most lmportant aspects of the job and an excellent beginning for
a trade association. Marketing research can be divided into the
following major fields of application:

Product studies -- Opportunities for new products, such as
cardboard boxes to replace wooden containers or metal contaliners or
for packaging in general. Our own paper industry has found a huge
market for prepackaged food containers.

Consumer studies <- A study of the buying habits and prefer-
ences of users of paper so that the product can be modified or
improved to better meet the needs and reguirements of the buyers.,

Evaluation of sales organization and operation -- Although
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this is primarily an area for company research an industry-wide sur-
vey enables the various members of the trade association to appraise
thelir own organization and channels of distribution in contrast to
statistics for the industry.

Advertising studies -- Determining advertising appeals for pro-
moting the uses of paper and studying the effectiveness of advertising
programs conducted by the association on behalf of all the members is
an important phase of marketing research.

Market analysis -- Measuring current total sales potential,
making market trend studies, and forecasting sales are the aspects of
marketing research falling under this heading,

Market Analysis

Market analysis may be divided into two broad categories--
qualitative and quantitative analysis. Qualitatiwve analysis nas to
do with the nature of the market and marketing methods. This would
be a determination of the kind of people who constitute the market for
paper, what their needs i.re in regard to grades and types of paper,
how they buy paper, and rate of consumption. Quantitative analysis,
on the other hand, has to do with the measurement of the size of the
market to determine how much of various kinds of paper will be con-
sumed in various parts of the market or during a future period. Quan-
titative market analyses are the main types of analyses conducted
by trade assoc.ations and are the most rewarding to the members.

Current total sales potential is the sum total of the actual
sales of various types of papers by all the companies that make and
sell paper. The term "sales potential,'" when used in this sense,
-efers to realizable sales and is a measure of the active current
demand for any speclific type of paper. These figures enable the
manufacturer to appraise his own achievement record of sales in terms
of those for the industry. However, they do not- include the un-
realized potential demand for paper which may be obtained with proper
promotional techniques.

Relative market potential is a measure of the relative importance
of various markets either on a geographical or product basis. There
are two considerations in dealing with this phase of market analysis--
the relative level or current fales potential of each product or
geographical market at the present time and their relative rates of
growth., For instance, the market for wrapping paper might be a great
deal larger than that for folding boxes, but the latter might be
growing at a rapid rate, while the market for wrapping paper was
somewhat static or possibly declining slightly. For a paper manu-
facturer contemplating expansion, the latter market would be the
more promising.

- 216 =



Market trend studies is the branch of market analysis that deals
with the trend of the market for a particular product. These are
broad studies of past and projected performance in order to point up
direction of growth, reasons therefore, and the approximate amount of
increased consumption tnat can be expected over a perlod of time.

Sales forecasts is an estimate of the demand for a product over
a specified period in the future, Waen done on an industry-wide basis
the sales forecast becomes a market trend studv. When done on a com-
pany basis, the sales forecast is based upon industry trends and past
sales experience of the company.

On the basis of the Information submitted above, market analysis,
comprised of current total sales potential, relative market potential,
market trend studies and sales forecasts, is the most promising field
of endeavor for a rrade association just commencing operation. The
question which is next ralsed is how one goes about making a market
analysis.

Methods of quantitative analysis

There are a number of methods of quantitative analysis employed
in this country, but the most important in order of their probable
applicability to the underdeveloped areas are as follows:

1. Direct data method. This is a measurement of current
total sales potential by using the actual sales {igures for variocus
types of paper in selected geographical areas. This method necessi-
tates the complete cooperation of the members of the trade association
in supplying their own sales records by quantity and geographical area
ir. which sold. To avoid revealing ceonfidential data, the market is
often dit =~ ! into a number of subdivisions and then figures broken
down by tne ompany for these subdivisions, Similarly, the products
are divided into general subdivisions and treated accordingly. The
sum total of all of the reports from the companies gives the current
total sales potential on both a product and area basis. By compiling
these figures for a few years, it is then possible to make trend
studies, relative market potential studies, and sales forecasts.
However, sucia full support of an association by the members, although
hoped for as the ultimate goal, is hardly feasible in actual practice,
so that associations have to resort to other means.

’

2. Corollarv data method. In the corollary data method, one
determines the sales potential for nis commodity on the basis of the
sales data for another commodity. For instance, if we knew the
average amount of paper used in a book and knew the sales of books
for a given period of time, we could then determine the amount of
paper used in books during this period. This method, of course,
presupposes that data on closely related products is available.
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3. Individual index. For some products it is possible to
tailor an index to the product. To make such an index, one must:
1) isolate the important factors affecting demand for the product.
These might include such things for wrapping paper as retail store
sales figures, indicating the amount of wrapping that had to be done.
2) obtain data on these factors, suitably classified. This depends
on whether or not such data is available. Much material is collected
by the United States Department of Commerce and is available to U. S.
industry free of charge. 3J3) convert figures in different units to a
common denominator. On the wrapping paper, it might be found that
only 607 was used by retail stores in their wrapping, while the re-
maining 407 was used in industrial consumption. Then it would be
necessary to get a common denominator of 100 divided into 60 for
wrapping paper sales in retail stores and 40 ror industrial consump-
tion. 4) combine these figures into one index, placing weights on
the factors with the greatest influence. Thus, if the retall sales
were down 10% for a given period while industrial activity was up
107, one would expect a net decrease in sales for wrapping paper of
2%; a 67 decrease in retail sales index offset by a 47 increase in
industrial sales index. This method, although quite good when it
can be applied, is almost entirely dependent on availability of
statistics from other products which often cannot be obtained.

Specific Approach for Paper Market Analysis

Although it is not possible to determine the best approach
to a problem unless one is actually in command of an understanding
of what data is and is not available and of the industry in a parti-
cular region, the following specific approach is one which should
yield the desired results for the trade association and which will
not require full cooperation of all paper manufacturers,

Step 1 -- Dividc the industry into basic divisions. These
might be a) paperboard, b) wrapping paper, c¢) newsprint, d) fine
papers, and e) book paper. In the United States, paper board is the
most important of these subdivisions followed by wrapping paper,
book paper, fine paper, and newsprint, in that order of importance.

Step 2 -- Ciassify the producers of paper into one of these
categories., Compile a listing ci the possible members for the trade
association. On the basis of size of plant or number of employees,
one should be able to estimate the production of a plant. By getting
total sales figures from a number of the members of a division such
as manufacturers of fine papers, it would then be possible to calcu-
late the amount produced by firms who would not report. For instance,
if the average production for firms reporting is 10,000 pounds per
year per worker, it would then be possible Lo estimate the production
of those firms not reporting their production figures on the basis of
the number of employees working in those plants. Thus, if there were
28 producers of fine papers and 18 reported the figures desired, esti-
mates could be made for the remaining members of the particular divi-
sioa.
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Step 3 -- Divide the market to be analyzed into suitable geo-
graphic areas, provided the market is sufficiently large to warrant
such subdivision.

Step 4 -- Where possible, classify users of the paper. For
instance, in the fine paper divisicn, offset printers or lithographers
might represent a fair portion of the market. Make a listing of all
lithographers in each geographical division. Based on the size of the
lithographer, possibly as measured by the number of people employed
and the amount of paper consumed per employee, it is then possible to
estimate the total amount of paper consumed by lithographers in each
geographic division and for the market as a whole. For instance, if
sales records of a few cooperating companies showed that a lithographer
would use 500 pounds of paper per employee on the average per year, by
making a survey of lithographers, it would be possible to estimate the
amount of paper which would be consumed in each geographic division
by lithographers. A similar estimate could be made Zor other users
such as greeting card manufacturers, novel and text book publishers,
commerical printers and the like. Thus, even though the paper manu-
facturers who belong to the association do not give their full coop-
eration, the cooperation of a few manufacturers ensbles an associa-
tion to compile market data, make a market analysis, and market trend
studies,

Step 5 -- By presenting these studies to members of the associa-
tion and potential members, the association is able to show the manu-
facturers the value of belonging to the association and of contributing
the desired information. Once the first few studies have been made,
the manufacturers realize their value and are usually more cooperative.

Thus, outlined above is a tive-step procedure wherety an associa-

tion might make a market analysis of the paper industry in a given
geographic area.
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APPENDIX 11

Technical Information Materials Available

Thousands of different technical information items of interest and
service to the development of industry in the underdeveloped areas have
been prepared by U. S. agencies and are available through local Productivity

Centers, Industrial Institutes, Servicios and United States Operations
Missions.

Those listed below have been selected as being related to paper-
making as a small-scale or cottage industry, or specifically referred to
in the text of the Manual for general background. Some items are designed
primarily for large-scale industry, but are included because they may be
of some use for small-scale activities, particularly if a central pulping
facility is involved, or because they may suggest ideas which can be
adapted; these are indicated by "large-scale." Also included here are
certain shorter items which cover subjects discussed in comparable detail
in this Manual, and which therefore need not be ordered by those who have
access to the Manual; they are indicated by "for the record," and are in-
cluded simply to avoid unnecessary duplication in ordering.

The code symbols at the beginning of each entry and the full title
as shown should be used to request these materials from the agencies

listed above.

PAPER: BSB -- Pulp, Paper, and Paperboard

16-page pamphlet listing basic information sources, primarily in the
U. S. A. Governmental, academic and commercial materials are included in
fields of economics, trade, technology.

PAPER: CROR -- The Coarse Paper Industry ,

45-page report of basic data applicable to U. S. industry; use for
small-scale paper industry in underdeveloped areas probably is limited
to economists studying long-range possibilities of pulping industry.

PAPER: CROR -- The Paperboard Industry

47-page report of basic data applicable to U. S. industry; use for
small-scale paper industry in underdeveloped areas is probably limited
to economists studying long--—ange possibilities of pulping industry.
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PAPER: D-649 -- Neoprene Is Now Being Used To Produce Stronger and Cheapc:s
Paper Useful for Converting into Products

l-page report of new coating to make paper wear better, mixed in witlh
stock.

PAPER: D-831 -- Pulp Mills Find Valuable Source of Material in Lumber Chijs

2-page (plus illustrations) report on large-scale operations using
lumber chips; may be applicable to smaller-scale pulping operations.

WASTE: D-898 -- Plywood Plant Converts Veneer Waste into Chips for Paper-
making

l-page description of process on large scale, but may have adaptabil-
ity to smaller-scale pulping operaticn.

PAPER: D-1134 -- New Protective Paper Wraps Provide Greater Safety for fi:. u
in Transit or Storage

l-page report on two new products, which may be possible of small-scal:
production in underdeveloped areas.

PACKAGING: D-1136 -- Paper Liners Save Fish, Time, and Money for Canning
Plants

l-page report on how wet-strength perforated papers can be used in
fish-processing operations.

PAPER: D-1137 -- Use of Paper Fillers and Wrappings Makes Cheaper Produci:
Available

l-page report of advantages of using paper instead of textiles as
fillers and liners for many products; basically covered in this Manual.

PAPER: D-1520 -- High-Quality Paper Made from Wood Waste

l1-page report of new process to blend waste wood fibers with kraft
to retain the highest quality of each, under low pressure.

PAPER: D-1522 -- Neutral Sulfite Preparation of Pulp Paper May Simplify
Salvage of Spent Liquor

2-page description of the new process, large scale.

WASTE: D-1703 -- Pulpwood Waste Furnishes Wide Range of Usable Chemicals

2-page report of development of chemical uses of lignin, normally a
waste of pulp-making. Does not go into details of processes. Generally
covered in this Manual.
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PAPER: D-1735 -- Heat-Sealed Faper Packet for Packaging Individual Portions
of Food and Drugs Is Efficient, Economical, Moisture-Proof

2-page (plus illustration) technical discussion, large scale.

PAPER: D-1737 -- Impregnating and Coating Paper Increases lts Usefulness

2-page discussion of methods of impregnating and coating papers to
convert them intuv new and more useful paper products; basically covered
in this Manual.

PAPER: D-1832 -- Brighter Paper at Lower Cost with New Bleaching Method

4-page digest (with illustrations) of cold steep bleaching system using
a peroxide bleach liquor for high density pulp; large scale.

CHEMICALS: D-2162 -- Chemicals Make Paper Containers for Food Products
Germicidal and Leak-Proof

2-page report on chemicals added to paper (in stock and by coating) to
make them useful to food packaging. Large scale.

CHEMICALS: D-2260 -- Neoprene-Treated Paper Provides Cheap Substitite for
Chemical Filter Cloth

2-page report on subject matter; large-scale but with application to
underdeveloped areas to make possible another paper product.

PAPER: D-2426 -- Specialized Glues Improve Paper Products: Better Techni-
ques Increase Production

l-page report on technical details of adding glues to stock to improve
qualities of tissue papers, especially facial.

PAPER: D-2522 -- Specialty Paper Production Increased, at Lower Costs, with
Specialized Glues

l-page report on special glues to increase speed cof operation and give
such qualities as grease, water and mold resistance to finished products;
large scale.

CHEMICALS: D-2554 -- Chemical Stabilizers Redice Fiberboard Warping

l-page description of chemical treatment to stabilize cellulose fibers
in wallboard.

PAPER: D-2917 -- New Saturated Papers are Stronger, More Water-Resistant
and Emboss Readily

3-page report on process to make papers suitablie for such applications
as gaskets, automobile oil-filter elements and embossed sheets; beater-sat-
urated rather tub-surfaced. May have paper product applications in under-
developecd areas.
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PACKAGING: D-3209 -- Tough, Vapor-Barrier Wrapping Paper Gives Complete
Protection to Finish-Machined Parts

2-page report on a specialty paper for industrial uses.

PAPER: D-3448 -- Waterproof Paper Liner Protects " ruck Cacgo From Weather
and Other Damage

l-page description of usefulness of waterproof paper liner, laminated
with asphalt center; may suggest product in underdeveloped areas. Few
production details.

PACKAGING: D-3713 -- Use of Double-Duty, Grease- and Water-proof Wrappiug
Papers Lowers Packaging Costs and Increases Product
Sales

2-page report of various uses of special-property papers which can be
produced by small-scale operations.

PACKAGING: D-4020 -- Knowledge of Physicél and Protective Properties of
Packaging Materials Aids in Preserving Frozen Foods

4-page summary of the subject; large scale.

PAPER: D-4024 -- Organic Silicone Treated Papers Offer Improved Release
Properties When Used with Tacky Products

2-page technical description of process to make a paper product which
may have industrial application in such fields as food, candy, container:.
rubber and steel.

ADHESIVES: D-4120 -- Adhesives for Paper, Film and Foil Lamination

2-page discussion of available adhesives for laminating paper to paper,
useful in making specialty papers and products.

PAPER: D-4191 -- Low-Cost, Easy-to-Make and Use Paper Honevcomb Cores
Strengthen Aircraft Structures

2-page technical description of a paper product for a special use;
large scale.

.

PAPER: D-4301 -- Advantages of Chlorine Dioxide Bleaching of Pulp

3-page technical report on subject, including economic aspects,
process and installation, and problems; large scale.
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PACKAGING: D-4482 -- A Knowledge of Paperboard Grades and Characteristics
Will Aid Packers in Selecting Suitable Containers for
Their Products

2-page summary of paperboard grades, with special reference to food
packaging. Basically covered in this Manual.

PAPER: D-5028 -- Inexpensive Method of Chemically Debarking Trees for Pulp-
wood

l-page simple technical description of method to obtain peeled wood for
pulping.

PAPER: D[-7090 -- Manufacture of Hand-Made Paper

2-page digest from "Manufacture of Hand-Made Paper," published by the
East African Substitutes Committee, Dar es Salaam. Concerned with making
paper from waste paper; basically covered in this Manual, although original
kas additional details.

PAPER: E-163 -- The Manufacture of Paper from Hemp Hurds

3-page digest of general and technical information, from "Hemp Hurds
as Paper-Making Material," by Lyster H. Dewey and Jason L. derrill, Bulletin
No. 404, U. S. Department of Agriculture.

PAPER: E-201 -- Use of Sugarcane Bagasse as a Raw Material for Paper and
Board Manufacture

9-page digest of general and technical information, from "Economic
Factors to be Considered in the Use of Sugarcane Bagasse as a Raw Material
for Paper and Board Manufacture" (ARS-71-2), by Elbert C. Lathrop, published
November 1954 by the U. S. Department of Agriculture, Agricultural Research
Service. ’

PAPER: E-205 -- Manufacturing Methods of Pulp and Paper

7-page general description of processes and pulps used. Basically
covered by this Manual. ‘

PAPER: E-222 -- The Manufacture of Bagasse Board for Construction Use

2-page digested description of process; taken from "Bagasse Board for
Construction Use,'"by J. C. Huang, Industry of Free China, Vol. VI, Mo. 2;
published August 1956 by Industrial Development Commission, ESB, Taiwan, China

PAPER: E-728 -- How Blotting Paper Ls Made

For the record.
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PAPER: E-239 -- Paper Making by Hand

For the record.

PAPER: IR 9072 -- Operating Statistics on the Paper and Pulp Industry

10-page report, on large-scale cver-all industry basis of U. §. pulp
and paper mills; covers financial aspects, investment quotas, productlion
and productivity, and operating statistics.

ABRASIVES: IR 9590 -- Manufacture of Grindstones, Millstones, and Emery
Paper

4-page sunmary of best raw materials for abrasives, including emery
paper.

CASTING: IR 9659 -- Products of Molded Cellulose

4-page report cf various references for making such products as
acoustic diaphrams, egg cartons, hunter's decoys and paper base laminates
irom molded celiulose.

ABRASIVES: IR 10267 -- Abrasive Paper and Abrasive Cloth

l1-page discussion of subject, including suppliers, storage problem:
equipment manufacturers, bibliography.

PAPER: IR 14334 -- Manufacture of Paper from Straw

3J-page description o’ mechano-chemical process for pulping agricul-
tural residues. Basically covered in this Manual.

PAPER: IR 13133 -- .Paper fi-m Wood, Straw, Bagasse and Bamboo

J-page report recommending processes suitable for pulping of eucal-
yptus wood, bamboo, bagasse, rice straw and similar straws in production
of writing, printing, wrapping papers.

WASTE: IR-15891-EP -- Use of Waste Paper in Making Paperboard

l-page report, referring to detailed sources of information on use ot
diatomaceous earth to make possible the utilization, in paperboard manu-
facture, of waste paper impregnated with wax or asphaltic material.

PACKAGING: IR-16039-EP -- Paper Containers for Milk

4-page summary of advantages, disadvantages of use of paper milk
containers.
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ABRASIVES: IR 16267 -- Grindstones and Emery Paper

2-page summary of materials and procedures used in making abrasive
products, including paper-based abrasives.

CHEMICALS: IR 16290 -- Recovery of Caustic Soda and Lime from Bamboo and
Bagasse Paper Mills

2-page report on processes covering subject matter; large scale.

PAPER: IR 17122 -- Rag Washirg and Bleaching

2-page description of common U. S. practice.

MISCELLANEQUS: MISC -- Activities and Institutions of the Industrial Tech-
nical Cooperation Program

218-page reference manual to assist in developmer.t of National Industri-
al Technical Centers and Technical Cooperation Programs. Describes centers
around the world, in some detail; explains services avallable from ICA;

suggests principles, action programs, methods of operating. (Being revised,
1958.)

FOOD PROCESSING: OD -- Starch

20-page summary of various types of starch, raw materials, production
processes; useful information for small-scale operation, although data
submitted is for large-scale plant.

PAPER: PR -- Ccarse Wrapping Paper

34-page report on basic information for establishing and operating small
mechanized plant; large scale compared with handmade-paper industry, but
has much pertinent data.

PAPER: PR -- Corrugated Fibre Boxes

45-page report on basic information for establishing and operating small
mechanized plant; large scale as compared with handmade-paper industry, but
has much pertinent data.

COTTAGE INDUSTRIES: SRS -~ Power [ransmissions for Cottage ILndustry

37-page manual on equipment which may be improvised by rudimentary :
techniques from simple materials, to transmit power--puileys, bicycle sprock-
ets, lathes, etc.; very useful for converting available mechanical power
to do specific tasks in the papermaking operation.
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FIBERS: SRS-5 -- Vegetable Fibers and Their Uses

21-page U. N. report on processing and use of wvegetable Iibers, with
emphasis on Asia and Far East; concerned with processing for textile indo
try use, but has some general data of interest to papermaking.

BUSINESS MANAGEMENT: SSS -- Increasing Productivity thru Simplification,
Standardization, S»secialization

109-page Manual for general guide and source of bacskground material o
U. S. experience in the subject. Includes principles, examples, methods,
results to be cxpected.
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APPENDIX III

Printed Sources of Information (Bibliography)

Listed below are published sources of additional information, as
described under the particular entry. This bibliography is by no means com-
plece or even comprehensive, there being thousands upon thousands of books,
monographs, articles and reports written about pulp and papermaking. However,
the first section below, on bibliographies as such, should provide a key to
much of this literature; in addition, the reader may seek more direct inform-
ation from the sources shown in Appendix IV. The materials listed below do
represent a conscientious collection of information likely to be of direct
value to users of this Manual. Prices have not been included, because they
change without notice. The materials are often avallable in major libraries;
where individual coples are desired, they should be obtained from the publisher
indicated in the particular entry. These items are not available through
governmental sources, except in unusual circumstances.

BIBLIOGRAPHTIES

The Bibliography of Papermaking and the annual Bibliography of Papermaking and
U.S5. Patents, produced by the Technical Association nf the Pul' and Paper

Industry (TAPPLl), editor, Jack weiner {previous editors, Clarence J. West and
“w.B. Weber).

Tnis is a continuing series, in two parts: (1) an annual bibliography
of all books and articles throughout the world dealing with -ulp and
papernaking, and including U.S. patents in the field for the year, and
(2) a4 five-year cendensation for the previous period, listing the most
important materials. The volumes cover 1900-1928, 1928-1935, 1936-
1945, 1946-1950, and 1951-1955, some of the older volumes still being
available from TAPPI. This is the one clearing house of all material
on the field or papermaking, being limited only to publication in the
regular channels devoted to the subject. Distribution is generally
limited to members of TAPPL, but this includes many libraries. Potentia:
users in the underdeveloped areas are advised to contact TAPPI, at

155 Fast 44th Stireet, New York 17, New York, as to availability.

Torest Products laboratory, U.S. Department of Agriculture, Madison, Wiscons.n,

This organization lists publications by members of its staff on
subjects of current interest and historical value on pulpwood, pulp,
chemical constitution of wood and pulp, paper, paperboard, structural
fiberboard and hardbcard, plastics and molded pulp products, pulping
process, pulping characteristics of wecod, pulp processes and paper-
making, pulp, paper and wood wastes.
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Institute of Paper Chemistry, Appleton, Wisconsin.

This research and training institution has nearly 200 annotated
bibliographical series on practically the whole range of pulp anc
papermaking, except for the mechanical considerations as such.
For example, the subject of "Bleaching! includes 1,400 reterences
in 441 pages, giving a reader a key to specitic books, monographs
and journal articles which should cover exact point beiny sought

Northern Utilization Research and Development Division, Agricultural
Research Service, U. S. Department of Agriculture, Peoria, Ill.

This organization, which has been doing ploneering work in the
development of processes for pulping agricultural residues,
maintains a list of its publications and patents on pulping,
papers and related subjects. Usually these are materials which
appear in the protfessional and trade journals, although the
organization does produce special reports under i1ts own imprint

Basic Information Sources on Pu'pn, Paper, and Paperboard (BSB-190). Com
viled by Pulp, Paper, and Paperboard Stat{, Forest Products Division,
Business and Defense Services Administration, U. S. Department of Commer.:

~lhie developed primarily for . $S. users, this 16-page pamphlet
constitutes a quite comprehensive bibliography of materials
available, as well as other sources of technical information,
including U. S. trade associations.

BOOXS, ARTICLES, ETC.

American Paper and Pulp Association, 122 East 42d St., New York 17, N.Y.
World Per Capita Paper Consumption

By the Export Committee, American Paper and Pulp Association.
Comparative statistical data 1932-1954 by geographical areas and
country. Production, imports, exports, apparent consumption,
population, and per capita paper use are shown as well as paper
and board exports.

American Paper and Pulp Association, 122 East 42d St., New York 17, N. Y
World Pulp and Paper News

Periodic summary reports on world trade in pulp, paper, paperboard
and products presenting current information on production, con-
sumption, and marketing trends in various foreign countries.
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Carpenter, Chas. H., and Leney, Lawrence, 91 Paper Making Fibers. State
University of New York, College of Forestry at Syracuse, 1952.

Includes basic characteristics of 91 of the more important fibers;
389 photomicrographs are shownm.

Food and Agriculture Organization of the United Nations, Rome, ltaly,
September 1953, Forestry and Forest Products Study No. 9, Reseurch in
Forestry and Forest Products

This is a world directory of research institutions, with a
sutmmary of thelr obj)ectives and activities, by country. While
it covers all forest industry, it includes full information on
pulp Iibers. (See Appendix 1V, following, in this Manual.)

Food and Agriculture Organization of the United Nations, Rome, Italy,
April 1953, Raw Materials for More Paper

This book, representing the findings of an FAQO pulp and Paper
Consultation in Rome in December 1952, is perhaps the most com-
prehensive technical report available on the subject from the
standpoint of the underdeveloped areas. It covers pulping
processes for fibrous raw materials from new sources, going

into the old ones as well, in applicable detail; suitability of
fibrous raw materials for different paper products; process

cost estimates for pulping fibrous raw matcrials; case histories;
procedures recommended for the investigation of new fibrous raw
materials for paper and for testing.

Food and Agriculture Organization of the United Nations, Rome, Italy,
December 1952, FAO Forestry and Forest Product Studies Ne. 3), Tropical
Woods and Agricultural Residues as Sources of Pulp

A symposium by experts in the fields concerned, covering tropical
woods and agricultural residues as sources of pulp, in very use-
ful detail from the standpoint of underdeveloped areas, from
standpoint both of types of flibers and their characteristics and
of pulping p»rocesses.

Food and Agriculture Organization of the United Nations, New York, 1954%,
World Pulp and Paper Recources and Prospects

,

This survey, prepared in cooperition with Unesco, ECE and ECLA,
not only surveys the present situation and prospects by regions
but includes comprehensive appendixes on resources and recent
technical advances in processes. These appendixes include much
technical data of direct practical use in the underdeveloped
areas for planners considaring papermaking on the scale treated
in this Manual.
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Hunter, Dard, Papermaking, 2nd edition, Alfred A. Knopf, New York, 1947.

A monumental one-volume work on the world history and practice
of papermaking, emphasizing handmade papers and watermarks
with many illustractions. While it {s not a technical manual,
it contains much of the author's great personal know-how in
the field (Dr. Hunter once operated a hand paper mill).

Isenberg, Irving H., Papermaking Fibers, in Eccnomic Botany, Vol. 10,
No. 2, April-June 1956, pp. 176-193.

A comprehensive summary of the subject, with a historical
introduction. (See Page 30 of this Manual.)

Joshi, K. B., Paper Making as a Cottage Industry, The All-India Village
Industries Association [now the Research Institute for Village Industries]
Maganvadi, Wardha, India, 1947.

A detailed and practical description of both traditional and
moderni zed processes of making paper by hand, using Indian fibers
and other resources. (See Page 173 of this Manual.)

Modern Packaging Encyclopedia, Packaging Catalog Cor. N. Y., 1950,
Molded Pulp and Fabric Containers, p. 293.

A compreherisive treatment of the subject matter.

Mosher, Robert H., Specialty Papers--Their Properties and Applications,
Remsen Press, M. Y., 1950.

A comprehensive listing and description of the kinds of specialty
papers discussed from Pages 127 to 158 in this Manual.

National Association of Waste Material Dealers, 271 Madison Ave., New York
16, N. Y., Waste Paper Standards and Practices

Circular W.P.-54, approved by the Waste Paper Institute of the
Assoclation. An outline of standard grades and practices re-
commended for use in United States and Canada. Purchase agree-
nent practices of seller and buyer, trade definitions, and a
listing of prohibited or undesirable waste paper qualities.

Norris, F. H., Paper and Paper Making, Oxford, 1952.

A comprehensive l-volume treatment of the subject, from the
standpoint of high-level technology.
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Riatt, William, Digestion of Grasses and Bamboos for Papermaking,
Associated Booksellers, New York, 1931.

While this 1s now somewhat outdated by recent new process
developments, it nevertheless nrovides a great deal of
useful information.

Stephenson, J. N., Editor-in-Chief, Pulp and Paper Manufacture, McGraw-
Hill, New York. Vol. l--Preparation and Treatment of Wood Pulp, 1950;
Vol. 2--Preparation of Stock for Paper Making, 1951; Vol. 3--Manufactur-
ing and Testing of Paper and Board, 1953; Vol. 4--Auxiliary Paper Mill

Equipment, 1955.

This series, a set of textbooks des.gned especially for home
study purposes, was prepared under the direction of the Joint
Executive Committee on Vocational Education Representing the
Pulp and Paper Industr, of the United States and Canada. It
is in effect a second edition of "The Manufacture of Pulp and
Paper, a 5-volume work published in the 1920's. A section
by Dr. Dard Hunter on handmade paper appears in Volume III,
which also discusses paper testing. Vol. II covers the pulp-
ing of rags and such annual crop fibers as straws, jute and
bamboo, as well as waste papers. It has chapters also on
beating and refining, fillers and loading, sizing of paper,
paper coloring, and semichemical, high-yield chemical, and
special groundwood pulping processes. The series as a whole
represents probably the most complete single work on paper-
making, although aimed at high-level technology.

TAPPI Data Sheets

A loose-leaf handbook of engineering, chemical and operating
data for engineers, chemicst and superiatendents, on the full]
range of technical factors in pulp and papermaking. Largely
large-scale. Distribution is generally limited to members,
which include many libraries; potential users in the under-
developed areas are advised to contact TAPPI, 155 East 44th
Street, New York 17, N. Y., as to availability.

TAPPI Monograph Series

19 volumes to date; monographs on various special subjects of
interest to pu:ip and papermakers, including water, starch,
pulpwood, coating de-inking, bleaching, paper loading materials,
microbiology, pigments, etc. {See TAPPL Data Sheets as to
availability.)
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TAPPL Standards and Suggested Methods

A loose-leaf manual of tentative, cfficial and suggested testing
methods, specifications and recommended practices in the pulp and

papermaking industry. Largely large-scale. (See TAPPL Data Sheets
as to availability.)

United Nations, Department of Economic Affairs, New York, 1954,

Possibilities for the Development of the Pulp and Paper Industry i{n
Latin-America

A joint study by the Economic Commission for Latin America and
the Food and Agricultural Organization of the United Nations,
discussing productive capacity and consumption; principal
resources for pulp and paper production, and development possi-
bilities, country by country in Latin America. (U. N. Sales
No. 1953. 1II. G. 2)

United Nations and Food and Agriculture Organization of the United
Nations, New York, 1955, Pulp and Paper Prospects in Latin America

This 465-page report of the Latin American Meeting of Experts
on the Pulp and Paper Industry, held in Buenos Aires in 1954,
includes both economic and technical data, principally of
interest to Latin America and in terms of large-scale pro-
duction, but nevertheless with much information for all areas
of the world, and for papermaking on a small scale as well.
(U. N. Publication Sales No. 1955. 1II. G. 4)

United States Department of Agriculture, Agricultural Research Service,
Lathrop, Elbert C., Economic Factors to be Considered in the Use of
Sugarcane Bagasse as a Raw Material for Paper and Board Manufacture

Basic data on subject matter, with U. S. usage in mind; however,
contains much valuable data and ideas for underdeveloped areas.
(November 1954)

United States Department of Agriculture, Agricultural Research Service,
Lathrop, Elbert C., and Aronovsky, Samuel I., The Contribution that
Sugarcane Bagasse can Make to the Paper and Board Industries

+ Comprehensive summary of data on bagasse in terms of pulping,
and for use in corrugating, containers, fine papers, wrapping
and bag papers, and newsprint; basically for U. S. use, but
contains much information pertinent to underdeveloped areas.
(November 1954)
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United States Department of Agriculture, Agricultural Research Service,
Lathrop, E.C., Aronovsky, S. 1., et al, Fiber Shipping Containers from

Sugarcane quggpe

Comprehensive data on the subject matter, with U. S. usage in
mind, but useful for data on general uses of bagasse as well.
(November 1957)

West, Clarence J., The Utilization of Sugar Cane Bagasse for Paper,
Board, Plastics and Chemicals, Sugar Research Foundation, Inc., MNew York,
1952, 2nd edition, 200 pp. (Technical Report Series No. 8)

This contains comprehensive technical data on the subject and
an annotated bibliography comprising 437 references on pulp,
paper and board from sugar cane bagasse.

Western Michigan College Lectures on Paper and Paperboard Converting,
Lockwood Trade Journal Co., Inc., 15 West 47th St., New York 36, N.Y.

1954. Discussion of the everyday problems encountered in
converting for packaging, single-service paperware, business
and stationery products, personal and household products,
products for industrial use, and testing for the paper con-
verter. Large-scale; but of some value to the underdeveloped
areas.

Witham's Modern Pulp and Papermaking, 3rd edition (Editor, Jonn B.
Calkin), Reinhold Publishing Corp., New York, 1957.

Perhaps as comprehensive a technical treatment of the subject
as may be possible in one volume; intended for the reader
interested in high-level paper tecnnology.

DICTLONARTIES AND ENCYCLOPEDTIAS

Dictionary and Encyclopedia of Paper and Paper-Making, by E. J. Labarre
(2nd edition, 1952), Swets & Zeitlinger, Amsterdam.

Multi-lingual (English with French, German, Dutch, Italian
Spanish and Swedish equivalents) one-volume dictionary with
many special longer articles. Génerally English in its
approach. Includes mich material from the Dictionary of
Paper, see below, but the two publications are by no means
duplicating one another, and it is valuable to have both.

Dictionary of Applied Chemistry (called "Thorpe's Dictionary") &4th
edition, 11 volumes. Longman's Green, New York.

Articles on pulp, paper, chemical additives, etc.
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The Dictionary of Paper, 2nd edition, American Paper and Pulp Associa-
tion, New York, 1951.

This dictionary is a concise but comprehensive compilation of
American pulp and paper terminology and practice, produced as

a cooperative industry effort. I:.. :idition to definitions of
papers, boards and papermaking terms, it includes the classifi-
cation and definitions of pulps, and of waste materials used

in the paper and board industries.

Encyclopedia of Chemical Technology, 16 volumes, Interscience Publish-
ing Co., New York, 1953.

Articles on pulp, paper, chemical additives, etc.

Van Nostrand's Scientific Encyclopedia, Van Nostrand, New York.

Articles on Pulp, paper, chemical additives, etc.

DIRECTORIES AND CATALOGS

Names and addresses of concerns engaged in the pulp and paper
industry are available in the directories listed below. Copies of these

directories may be consulted at large libraries or purchased from the
publishers.

Lockwood's Director of the Paper and Allied Trades

Annual. Regular edition and traveler's edition. Lockwood
Trade Journal Company, Inc., 15 West 47th St., New York 19,

N. Y. Includes manufacturers of equipment and supplies
purchased by paper and pulp mills; manufacturers of paper
specialties; paper dealers; watermerks and brands; pulp
testing chemists; trade associations: statistical information.

The Paper Makers' and Merchants' Directory of All Nationms.

Annual. Business Publications, Ltd., London. Primarily
British, but includes overseas paper, pulp and board agents,
and a classified list of merchants.

Post's Paper Mill Directory

Annual. L. D. Post, Inc., 1440 Broadway, New York 18, N. Y.
Includes trade associations; buyers' guide to paper and

pulp makers' machinery, equipment, supplies and services;
statistical information.
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Walden's A B C Guide

Annual, February. Walden, Sons and Mott, Inc., 41 Park Row,
N. Y. Includes paper distributors of the United States and
Canada with the personnel of each company arnd the kinds of
paper handled by each house; manufucturers of paper and paper
products, classified according to product.

Paper and Pulp Miil Catalogue

Annual. Fritz Publications, Inc., 431 South Dearborn St.,
Chicago 5, Il1l. Selected distribution; manufacturers of
equipment and supplies, chemicals and dyestuffs, for paper
and pulp mills.

Paper Year Book

Annual. Davidson Publishing Company, 22 East Huron St.,
Chicago 11, I1l. Basic information on paper, paper products
and related specialties, with listings of manufacturers

and manufacturers' data; also alphabetical index of names
and addresses of manufacturers.

Philips' Paper Trade Directory of the World

Annual. S. C. Philips & Co., Ltd. Graham House, 3 Tudor St.,
London E. C. 4, England. Pulp, paper, paperboard mills and
converters of major producing countries of the world by name
and address; production by type and grades and equipment.
Commonwealth and foreign classification by product list, pro-
ducing mills by country.

Modern Packaging Encyclopedia

Thomas'

Annual. Packaging Catalog Corp., 122 East 42nd St., New York
17, N. Y. Contains a section devoted to each major type of
packaging product, such as cartons ard boxes, bags and envei-
opes, seals and tags, iabels, wrappings, cans and tubes, in-
cluding a buyers' guide, a directory of trade names and a
list of major trade associations in the field of packaging.

Register of American Manufacturers

Annual, December. Thomas Publishing Co., 461 Eighth Ave.,
New York 1, N. Y. A general directory of manufacturers,
classified by kind of product, including pulp and paper,
and arranged geographically; also listed alphabetically.
Inciudes trade name section, with registered trade names
listed alphabetically.
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JOURNALS AND MAGAZINES

Indian Pulp and Paper

Includes many articles on handmade paper as an industry; see
specifically, "Conquest of the Cottage Industries--Modernization
of the Village Papermaking Industry,'”" Vol. 5, No. 12, June 1951,
pp. 312-514, and "Manufacturing of Wrapping Paper from Sisal
Fibre Waste as a Cottage Industry," Vol. 6, No. 5 (Nov. 1951)
pp. 237-240. '

The Paper Maker

Published quarterly by the Hercules Powder Co., Wilmington 99,
Delaware, U. S. A., James L. Anderson, Editor. This publication
includes many articles on handmade paper, both from a historical
and technical point of view.

A monthly technical journal, published by the Technical Associa-
tion of the Pulp and Paper Industry, (TAPP1) 155 East 44th St.,
New York 17, N. Y. This publication provides the papers and
leading discussions of the Technical Association, with technical
data on the whele range of the industry--in matters of manage-
ment, engineering, operations, science and other technical in-
terest, on pulp, paper, paperboard and converted paper and

board products. It is geared to high-level technology, but

many reports are applicable or adaptable to small-scale opera-
tions. This magazine, like all TAPPI materials, is generally
limited to members, which include many libraries. Potential
users in the underdeveloped areas, where libraries may not have
these materials, are advised to contact TAPPI, as to availability.

Trade papers and magazines

These deal almost exclusively with large-scale operations. How-
ever, the following may have some articles of interest:

Paper Industry-~Monthly. Fritz Publicaticns, Inc., 1501 Washingtoon
Road, Mendota, Ill.

Paper Trade Journal--Weekly. Lockwood Trade Journal Cc., Inc.,
15 West 47th St., New York 36, N.Y.

Pulp and Paper--Monthly. Miller Freeman Publications, Bristol, Conn.
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In addition, for a complete listing of trade papers and periodicals, the
following guides, which are available in many large libraries, may be
consulted: N. W. Ayer and Son's Directory of Newspapers and Periodicals,
published by N. W. Ayer and Son, West Washington Square, Philadelphia, Pa.}
Standard Rate and Data Service, Business Paper Section, published by Stand«r.
Rate and Data Service, Inc., 333 North Michigan Ave., Chicago 1, Ill., and
Industrial Marketing, published by Advertising Publications, Inc., 480
Lexington Ave., New York, N.Y.

Much if not all of this material will appear in the TAPPI biblio-
graphy, also listed in this Appendix under the Bibliography heading.
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APPENDIX 1V

Research and Consultant Sources of Information

Listed below are a number of possible sources of information and
assistance in the various aspects of the pulp and papermaking industry.
While the organizations listed are all interested in helping develop
the industry, it may be that too many inquiries may interfere with their
priwary functions, and correspondence should. therefore be entered into
with discretion. In addition, many of them are geared to mass-production
technology, and may have some difficulty adapting to the scale discussed
in this Manual; inquiries, therefore, should be specific and detailed as
possible. It should be noted also that there is no pretense that the
following list is in any way comprehensive or complete, although it does
try to be indicative of the variety of sources of information which may
be available.

RESEARCH FACILITIES AVAILABLE THROUGHOUT THE WORLD in subjects
related to forestry are listed in a publication by the Food and Agricul-
ture Organization of the United Nations, the FAO Forestry and Forest
Products Study No. 9, Research in Forestry and Forest Products, Rome,
Italy, September 1953. In addition to research in the United States,
this book indicates work on pulp and papermaking in Australia, Austria,
Germany, India, Indonesia, Japan, Norway, Portugal and Surinam.

UNITED STATES SOURCES -- The United States Government maintains
various laboratories and other facilities in connection with the pulp
and paper industry (in some cases, insofar as they are part of the more
basic industry involved, such as forestry). 1In addition, there are many
non-profit, educational and private organizations which operate in this
field in the United States, as listed below.

The facilities, types of research, and operational programs of the
laboratories and organizations listed are varied in scope. Several con-
duct research ranging from the fibrous raw material (wood, straw, cotton,
and waste paper) through all the processes and problems of manufacturing
pulp, paper, paperboard, and converting basic material into finished
products; others specialize. Fundamental and applied research in the
fields of analytical, colloid, and organic chemistry, biology, chemical
engineering, physics, and pulp and paper machirery are the broad overall
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range of activities. Description and detailed literature outlining
facilities and type of research may be obtained direct from the follow-
ing laboratories.

U. S. Govermment Laboratories

Forest Products Laboratory, U. S. Department of Agriculture,
Madiscn, Wis.

Nationai Bureau of Standards, U. S. Department of Commerce,
Washington, D. C.

Northern Utilization Research and Development Division,
Agricultural Research Service, U. S. Department of Agricul-
ture, Peoria, 1ll.

Foundations

Fibre Products Laboratory, Springfield, Ohio.
Herty Foundation Laboratory, Savannah, Ga.

Illinois Institute of Technology, Armour Research Foundation
Technology Center, Chicago 16, Il1.

Lowell Technological Institute, Lowell, Mass.
Battelle Memorial Institute, 505 King Ave., Columbus, Ohio.

University Laboratories

Institute of Paper Chemistry, Appleton, Wis.
New York State College of Forestry, Syracuse, N. Y.
North Carolina State College, Raleigh, N. C.

University of Florida Engineering Experimental Station,
Gainesville, Fla.

University of Maine, Department of Chemical Engineering,
Orono, Maine. . ;

Michigan College of Mining and Technology, Houghton, Mich.
University of Washington, Department of Chemistry, Seattle, Wash.

Western Michigan College of Education, Kalamazoo, Mich.
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U. S. Forest Service Regional Field Offices

Juneau, Alaska; San Franci:ico, Caiif.; Denver, Colo.; Atlanta, Ga.;
Missoula, Mont.; Albuquerque, N. M.; Portland, Oreg.; Upper Darby,
Pa.; Ogden, Utah; Milwaukee, Wis.

U. S. Forest Service Experiment Stations-Headquarters

Juneau Alaska; Berkeley, Calif.; Ft. Collins, Colo.; New Orleans,
La.; St. Paul, Minn.; Asheville, N. C.; Columbus, Ohio; Portland,
Oreg.; Upper Darby, Pa.; Rio Piedras, P. R.; Ogden, Utah.

Universities or Colleges Having Pulp and Paper Curriculum

Specialized college training in pulp, paper and paperboard pro-
duction (including technical aspects of organic chemistry, en-
gineering, etc.); domestic and international distribution and
utilization; economics of the industry; forestry relative to
timber and pulpwood resources; and related subjects are presented
by a number of universities or colleges, including the following:

State University of New York College of Forestry, Syracuse, N.Y.
University of Maine, Orono, Maine.

Institute of Paper Chemistry, Appleton, Wis. (graduate program
only).

Western Michigan College of Education, Kalamazoo, Mich.
Lowell Institute of Technology, lowell., Mass.

North Carolina State College of Agriculture and Engineering,
Raleigh, N. C.

University of Florida, Gainesville, Fla. (graduate program
only).

University of Alabama, Tuscaloosa, Ala.

The Technical Association of the Pulp and Paper Industry, 155 East &44th
Street, New York 17, N. Y., serves as a world central clearing house for
research findings and technical data (see Appendix III, Bibliography,
under TAPPI and under the journal Tappi), in all areas of interest tc
pulp and papermaking, although it aintains no research facilities of its
own. While it is geared to mass-production methods, it may be of assist-
ance in response to a direct inquiry.
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Parsons & Whittemore-Lyddon Organization, 250 Park Avenue, New York 17,
New York. This is a world-wide organization with its own firms in 16
countries or five continsnts, available for servicing the world-wide
pulp and paper industry, with, as it says, "its own program patterned
along the lines of the famed Point Four program."

Trade Associations -- A list of U. S. trade assoclations in pulp and
papermaking appears on Pages 12-14 of "Basic Information Sources on

Pulp, Paper and Paperboard'!" (see Appendix IIT, under "Bibliographies'").
These may be able to offer specific advice or information in their special-
ties, although they are geared to mass-production methods and markets.

OTHER SOURCES -- The oldest continuous handmade-paper mill in
the Western world is Cartiere Miliani-Fabriano, in Fabriano, Italy, dating
back to 1276. (The photograph of the vatman and couchers, on Page 80 of
this Manual, was taken at this mill.) It nay be able tu provide first-
hand experience in answer to specific requests.

The Government of India operates a Research Institute or handmade
paper at Maganwadi, wardha, under the All-India Khadi and Village
Industries Board. In addition, there is research in handmade paper in at
least the following institutions in I(ndia: Handmade Paper Pesearch Centre,
Agricultural College Compound, Poona-5 (Bombay State), Indi.: Handmade Paper
Regearch & Production Centre, Director of Industries, West Bengal, P.O.
Majhur Char, Kalyani (Nadia), India; Regional Research Laboratory, Hyderabad-
Deccan-9, India.

Japan, of course, has rt 2 most advanced technology on nandmade paper.
Requests for information may be directed to a central clearing house, the
Japan Paper and Pulp Association, Kami-Parupu Kaikan Building; &4, Ginza
Higashi 3-Chome; Chuo-ku, Tokyo.

MANUFACTURERS

The following manufacturers in the United States make equipment,
as indicated under each listing, which may be useful for the scale of
manufacture discussed in this Manual (see Page 1€8). It shculd be noted
that the mention of any firm, product or process in this report is not
to be construed as a recommendation or endorsement but merely as a cita-
tion that it is typical in its field. There are many other firms which
nay make comparable equipment, not only in ‘the United States but also in
other countries, as may be determined from listings in commercial direct-
ories. (See Appendix III for names of such directories.)
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The Black-Clawson Company, Shartle Division, Middlieton, Ohio.

Paper stock preparation equipment, including complete laboratory
pilot plant equipment which may be comparable to the smallest-
scale mechanized facility desired.

E. D. Jones & Sons Company, Pittsfield, Mass.

The Hi-Lo Pulper, and other pulping, beating and refining
equipment, in small sizes as well as large.

Morden Machines Company, 3420 S. W. Macadam Avenue, Portland 1, Oregon.

The "Slush-Maker" and other pulping, beating and refining
equipment, in small sizes as well as large.

Process Evaluation and Development Corporation, 205 rpast 42nd Street,
New York 17, N. Y.

Developers of PEADCO Process for continuous puiping of bagasse.

Ronningen-Petter Company, Vicksburg, Michigan.

Filters, strainers for use in processing water.

The Sandy Hill ILron and 2rass Works, Hudson Falls, N. Y.

Pulping, beating and refining equipment, in small sizes as
well as large.

ONSULTANTS

Government-supported consultant services may be available through
local Productivity Centers, Industrial Institutes, Servicios, or United
States Qperations Missions.

Private consultant services may be obtained through advice of the
government agencies listed above, and through private listings among the
directories shown in Appendix III. The research and business organizations
listed above may, in many cases, offer qualified consultant services on a
contract-fee basis; or they may be able to suggest a qualified independent
consultant for the specific problem at hand.
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APPENDIX V

Samples of Paper, Showing Grades and Finishes

Beginning on the facing page are sample sheets of various grades
and finishes of paper, as discussed primarily in Chapter 9, beginning on
Page 96.

Some of the differences in the sheets will be noticeable to the
eye or to the touch; others are characteristics or '"properties' which are
“built into! the sheet to serve certain purposes, for instance ability to
take printing inx, or absorb water, or withstand hard usage. Part II of
the Manual, dealing with technical aspects, discusses the different pro-
cesses and materials which make possible the variation in finished product
to meet the particular requirements for the intended purpose.

It should be realized that the samples are taken from U. S. standard
sheets for the grades as indicated and are machine made. The sheet made by
hand may vary somewhat; however, it canno. vary substantially in the prin-
cipal characteristics and still be identified as the same grade of paper.
Even though a variation might make it a better sheet (as noted on Page 78),
it becomes a paper of a different grade if it does not have the exact
characteristics or properties needed to meet the particular purpose of the
specified grade. (See Page 104.)

The notations on the sample sheets include also the '"basis size"
and the "hasic weight" of the various papers shown, as explained at
the top of Page 105. In addition, in the case of English Finish Book,
three sample sheets are included to demonstrate the difference in
thickness and opacity resulting from different '*welghts" of what would
otherwise be exactly the same kind of paper--that is, the same type of
paper is shown in 40, 50 and 60 weights.
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" MORE INFORMATION AVAILABLE

To start a small-scale or cottage papermaking industry, you will
be involved in a variety of special areas of knowledge and skill. While
they are discussed briefly in this Manual, more detailed introductions
and more technical information materials are available, in such related
fields as:

ADVERTISING AND SALES PROMOTION MERCHANDISING: WHOLESALE-RETAIL
AGRICIL MINERALS

BUSTNESS MANAGEMENT PACKAGING

CHFMICALS PAPER

COST ACCOUNTING PLASTICS

COTTAGE INDUSTRIES PRINTING

CREDIT PRODUCTION METHODS AND CONTROL
DLSPLAY QUALITY CONTROL

DISTRIBUTION AND MARKETING SAFETY

FIBERS SERVICE TRADES

FOOD PROCESSING STANDARDIZATION

GRAPHICS STYLING

INDUSTRIAL DEVELOPMENT TEXTILES

MACHINE OPERATIONS WASTE

MAINTENANCE WATER

MATERIALS HANDLING WOOD

IN ADDITION, THERE IS A FULL RANGE OF MATERIALS ON OTHER INDUSTRIES

For further information and assistance, contact your local Productivity
Center, Industrial Institute, Servicio, or United States Operations Mission.



ANTIQUE BOOK
25 x 38 — 80/500



BIBLE PAPER
25 x 38 — 30/500



BOND 25% RAG
17 x 22 —- 20/500



BOND SULPHITE
17 x 22 — 16/500



COCKLE FINISH
17 x 22 — 20/560



COVER
20 x 26 — 65/500



EGGSHELL TEXT
25 x 38 — 60/500



EMBOSSED FINISH
20 x 26 — 80/500



ENGLISH FINISH BOOK
25 x 38 — 40/500



ENGLISH FINISH BOOK
25 x 38 — 50/500



DUPLEX BOOK (DULL COATED)
25 x 38 — 80/500



ENGLISH FINISH BOOK
25 x 38 — 60/500



GLOSS ENAMEL
25 x 38 — 70/500



HI-BULK (GROUND WOOD)
25 x 38 — 60/500



INDEX SULPHITE
252 x 302 —- 110/500









LEDGER SULPHITE
17 x 22 — 24/500



OFFSET
25 x 38 — 69/500



OFFSET DULL COATED
25 x 38 — 60/5C0



NEWSPRINT
24 x 36 — 32/500



OFFSET HOMESPUN (FANCY FINISH)
25 x 38 — 70/560



PARCHMENT (TYPE) PAPER
17 x 22 — 20/500



ONION SKIN
17 x 22 — 9/500



TAG BOARD
24 x 36 — 125/500



VELLUM FINISH
25 x 38 — 70/500



INDEX

((TERMS USED IN THIS MANUAL ARE DEFINED ON THE PAGES UNDERLINED IN THIS INDEX’1

Abaca’, uses of, 7
Abrasiveness, 97
Abrasive paper,
process for
making, 147

Absorbency, 97

Absorbent paper and
boards, 105

Account book
papers, 105

Acoustic diaphrams,

process for
making, 148
Adhesives, 74

Advantages of
industry, 5

Agriculture, 9
Air bell, 116
Air permeability, 97

Album paper and
board, 105

process for

making, 148

Alum, 74

Analysis of specks,
test for, 123

Aniline dyes, 75

Announcement
paper, 105
Antique finish, 102

paper, 105

Anti-tarnish papers,

process for

making, 148

Apparent density, 98
Appearance of sheet, 98
Art cover, 105

paper, 105

parchment, 106

Articles on paper-
making, 229

Asbestos paper, process
for making, 148

Asphalt laminated paper,

process for

making, 148

Associations, trade, 203

Backing paper and
board, 106

Back mark, llé

Ragasse, pulping, 67
uses of, 28

Baggy (a defect), 117

Bag liners, 106

Bags, process for
making, 148

Bakers wrap, 106
Baling paper, 106
Bamboo, pulping, 66

uses of, 28
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Bank note paper, 106
Bark specks, 117

Barrels, process for
making, 149

Basis weight, 98
123

tes*- for,

Beater-saturated papers,
process for making, 149

Beating, 17

equipment, 71

hand processes, 59

process, 71
Beaverboard, 106
Bells, see air bell
Bending chip, 106
Bending strength, 38
Bible paper, 106
Bibliographies, 228
Binders board, 106
Black album paper, 105
Blackening, 116
Blanks, lgé
Bleaching, 64
Bleach scale, 11

Bleeding, 11

{

plister, see air bell



Blotters, process
for making, 149

Blottings and blotting

bocard, 107
Blow, see air bell
Blue spots, 117

Board and box
lining, 107

Boards, 107
grades of, 104

Boats, process for
making, 149

Body papers, 107

Bogus papers and
board, 107

Bonding strength, 938
Bond papers, 107
Bock papers, 107

Books on paper-
making, 229

Box board, 107
liners, 107

lining paper, 107

Boxes, paper, 149
Brick of pulp, 77

Brightness, 98

Bristle marks, 11

Brittleness, 98

Broadleaf tree fibers,
uses of, 28

Broke, 117

Bronze specks, 117

Brush marks, see bristle
marks

Bubblemarks, see air bell
Buff printings, 108
Building papers, 108
Building requirements, 167
Bulking board, 108

book paper, 108

Burning, see blacken-
ing, 117
Burnt, 117

Bursting strength, 98
test for, 123

Business management re-
quirements, 176

Button specks, 11

Calender, 95
crushed, see blackened

cuts, 11

marked, 117

scales, 11

e m——

spots, 118

Caliper, 98
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Carbon specks, 118

Cardboard, 108

Case study in paper-
making, China, 176

Catalogs on paper-
making, 235

Caustic soda-chlorine
process, 62

Celdecor pulping proemzx
cess, ég

Cellulose, 16
Central contractor, 202
Central facilities, 204

Characteristics of
fibrous materials, 29

of paper, 97

of pulps, 61

of stock, 70
Chart papers, lgg
Check papers, 108
Chemical industries, 9
Chemical pulping, 62

treatment, il

Chemicals for coating,
requirements, 164

consumption of, 164

for filling, require-
ments, l6a



Chemicals (Cont.)

for product convert-
ing, requirement
for, 165

for pulping, require-
ments, 163

for sizing, require-
ments, 164

for surfacing, re-
quirements
for, 164

China, case study in
papermaking, 176

China clay, 75

Chipboard, 108

Cigar-box board, 108

Cinder specks, 118

Clamp marks, 118

Cleansing tissue, see
facial tissue

Clipped cuts, 118

Cloth substitutes,
process for

making, 149

Cloudy, 118

Coated (finish), 103

Cockle cut, 118

Cockle (defect), 118

Cockle finish, 103

Coefficient of friction,
test for, 124

Cold caustic soda
process, 63

Color, 2§
124

test for,

Combined pulping
process, 63

Communication, paper's

role in, 2, 7, 8, 188

Competition, mechan-
ized, 190

Composition (of
paper), 98

Compressibility, 98

Compression strength, 98

Conclusions, 211

Construction industry, 8
Construction paper, 192
Consultants, 243
Consumption of paper, 3
Container board, ng
liner, lgg

Contraction (of shegt), 98
| 202

Contractor, central,

Contraries, 118

Contrast ratio, 98

- 247 -

Control of quality, 206
through watermark, 207

Converted papers, 109

Converting paper, 109

handmade, 137

Converting process, 147

Cooperatives, 201

Copying tissue, 109

Cork paper, process for
making, 149

Corner up, 118

Cost checklist, 196

Cost factors, 185

Couching, 17, 87

Cover stock, 109

Cracking, 1!

Craters, 11

Creasing strength, 98

Crepe paper, process for
making, 149

Crinkle-lined paper,

process for making, 150

Cultural papers, see
mechanical papers

Curl, 98, 118

Cutter dust, 11



Cutting of paper, 95 Dog-eared, see corncr up Elasticity, 99

Draining sheets or liners, | Electrical conductivity, 99
process for
making, 150

Damask paper, pro-
l€55 Lur wmak-
ing, 150 Embossed finish, 103

Damp streaks, 118 Drawing paper, 109 Enamel finish, 103
Encyclopedias on paper-

making, 234

Drop marks, 119

Dead beaten, 118
9

Dead spots, 11

Dryers, ircn, 92
Energy requirements, 171
Deckle, 85 Drying equipment re-
— quirements, 169 Engine size, 73
Deckled edge, 85, 98
Drying or screen, 89 English finish (E.F.), 103
Decorative paper, 109

process, 90 Entreprenecur, 202

process for
making, 150

Defects in paper, 98

list, 116
Density, 99
Dhenki, 60

Dictionaries on
papermaking, 234

Dielectric, 99

Directories on
papermaking, 235

Dirt in paper, 99,
119, 124

Disk mille, 62
Display board, 109
Disposable diapers,

process for
making, 150

Dull coated (finish), 103
Duplex paper, 103
Durability, 99

Dusting, 119

Dyes, 75

Dye spots, il19

Economic altermatives,
exploring, 194

analysis, 194

considerations, 193

factors, 185
Educational programs, 209

Egg cartons, »rocess for
making, 150

Eggshell finish, 103
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Envelopes, process for
making, 150

Equipment, manufactur-
ers of, 242

finishing, 89
paper lifting,78
pulping, 58
requirements, 167
stock preparation, 69
Erasability, 99
Erasable paper, 109
Esparto, pulping, 67
uses of, 28
Etching paper, 109

Eucalyptus {ibers, uses
of, 28



Expansion (of
sheet), 9

test for, 124
Extensibility, 99
Facial tissue, 109

Facility, pulping,
central, 204

Factors affecting
undertaking of
papermaking, 182

Fast pulp, 70

Feathered deckle, 119

Featherweight paper,109

Federations, 203

Feel (of paper), 99

Felt, 17

Felting power, 69

Felts, 88

Fiberboard, 110

Fiber, raw, 70

Fibers, 16

characteristics
of, 29

checklist of, 30

factors affect-
ing, 96

factors affecting
choice, 185

Fibers (Cont.)
mixing of, 28
properties of, 29
pulping ease, 29

principal poten-
tial, 27
requirements, 162

separation equipment,
requirements, 167

Fibrillation, 70
Filler board, 110
Fillers, 75

Filter papers, process
for making, 150

Filters, 76

Firne papers, 110
Finish, 99

Finishes of printing,
writing paper, 102

Finishing equipment, 89
requirements, 169
rinishing of sheet, 92

processes, 89

Fireproof papers, process
for making, 151

Fish eyes, 119
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Flax board, 110
Flexible mould, 86
Flocculation, 69

Floor mats, process for
making, 151

Fluff, 119

Foam marks, see air bell

Folder stock, 110

Folding endurance, 99
test for, 124

Food and Agriculture
Organization of the
U. N., 2, 164, 230

Food papers, 111

process for making, 151

Forest Products Labora-
tory (U. S.), 228

Formation of sheet, 17, 99

test for, 124
Foul, 119

Foxed or Foxing, 119
Frame of mould, 85
Freeness of pulp, 61
Free pulp, 70

Fur (a defect), 119

Fuzz (a defect), 119



Fuzz (property), 99

Gasket paper, pro-
cess for making, 152
Glassine papers, 110

process for
making, 152

Glazed (finish), 103
Glazing, 94

Gloss (finish), 99, 103
124

Gloss, test for,

Grades of board, 104
of paper, 104

standardized, 208
Grain (of sheet), 99

Grass-bleached, see
anti-tarnish papers

Grasses, pulping, 67
Grass papers, 110
Gray bulk board, 110
Greaseproofness, 99
Greaseproof papers,
process for mak-
ing, 152
Grease spots, 119
Greasy pulp, 70
Gric, iig

Groundwood, 61

Groundwood (Cont.)
papers, 110
steamed, éz

Guar, 74

Gunpowder paper, process
for making, 152
Haircut, 119

Handmade converting
papers, 137

Handmade paper, 23, 110
process for making, 152

uniqueness of, 78

Handmade paper pro-
ducts, 127

Handmade specialty
papers, 137

Hand pulping methods, 58
Hanging paper, 110

Hardness, 99

Health requirements, 174
Heavy wrapper, 110

Hemp paper, see rope paper
Hollander, 71

Hydration, 61, 70
Hygro-expansivity, lgg

Impregnated papers, pro-
cess for making, 152
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Independent vari-
ables, 10, 20

Index board, 111

India paper, 111

India proof paper, 11

Indicator papers, pro-
cess for making, 152

Industrial Institute, 199
Information materials
available, 220
reseaxrch, 239
Initial tearing
strength, 100
Ink absorption, 100
test for, 124
Institute, industrial, 199

Institute of Paper Chemi-
stry, 229

Pulp and Paper, 199

Insulated bags, process
for making, see multi-
wall sacks, 154

Iron dryers, 92
ILron specks, 119

11.

Japanese art paper,

copying paper, 111

ti'ssue, 11

Java paper, 1ll1



Jordan, 72

Joshi, K. B., 173

Journmals on paper-
making, 237

Jute paper and
board, 111

pulping, 68
Kaolin, 12

119

Knots,

Kollergang, 60

Kraft paper and
boards, 111

pulping process, 62

Labor, production
data, 173

requirements, 172

Laid finish, 103

screen, 85
Laminated papers,
process for

making, 153

103

Leather finish,
Ledger paper, 111

Levels of operation,l192

Levels of organi-
zation, 191

Leverage press, 90

Lightweight chip, 11l

Lignin, lé

Line, see dusting
Linen paper, 111
Liner board, 112
Literacy program, 7
Loading, 100
agents, 75
test for, 124
Loan paper, 112
location factors, 186
Locust bean gum, 74
Loft-dried paper, 112
Loft-drying, 91
Lumps, 120
Luster, 199
"W, 120

Machine ccoated finish, 192

finished (M.F.), 103

glazed (M.G.),finish,103

Magazines on paper-
making, 237

Management require-
ments, 176

Manifold paper, 112

Manila bag paper, 112
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Manila (Cont.)

wrapping papexr, 1l

Manufacturers of equip-
ment, 242

Market analysis, 189
techniques, 215

Market paper, 112

Marketing facilities,
requirements for, 175

factors, 187

Mat board, 112

Material-saving orienta-
tion, 174

Meat juice resistance, 100
Mechanical papers, 112
Mechanical pulping, 61

Mechanized competi-
tion, 190

Mechano-chemical pulping
process, 63

Metallic coated, 104

Metallic papers, process
for making, 153

Milk containers, process
for making, 153

Mills, disk and rod, 93



Mimeograph paper, 112

Minimum water needs, 165

Mixing of fibers, 28

Models, use in economic
analysis, 194

Modern pulping
methods, 61

Moisture content, 10O

test for, 124

Molded pulp, process
for making, 153

Moldproofness, 100

Mosaic finish, 104

Mother-of -pearl paper,
process for mak-
ing, 154

Mould, 84
flexible, §§
frame, 85

rigid, 86

Mulberry, pulping

of, 65

Multiwall) sacks, pro-
cess for making, 154

Music paper, 113
l'Nl' ,

120

Neutral sulphite semi-
chemical process, 63

Newsprint, 113

inepoint strawboard, 113

113

Nontest chip,
Northern Utilization Re-
search and Development
Division (U. S.), 229
Odor, 100
Odor-proofness, 100
0il Absorption, 100
content, 100
Onionskin paper, 113

Opacity and transparency,
test for, 125

Operation, levels of, 192
Organizational factors,191
Organization, levels of,19ﬁ

Organization of Paper-
making Industry, 201

Overdried, see burnt

Packaging industry, 9, 12,
127, 188

Packaging of paper, 95
Packing tissue, 113
Pails, see barrels
Paneled finish, 104
Paper, 17

as aid to economy, 13

bibliography, 228

Paper (Cont.)

child's method for
making, 18

classes, 12

consumption, 3

22

converting,

converting, handmade, 137

defects in, 116

differences in, 11, 14
factors affecting, 96

fibers, 27
finishes, 102
finishing, 22
grades of, 104

industry, 3, 161, 182, 201

Institute, 199

kinds of, 12, 104
lifting, 22, 78
lifting equipment, 78
lifting processes, 78
marketing, 187, 215

products, 127, 147

properties, 96
research,

122, 198, 239

shortage, 2



Paper (Cont.)
simple process, 18

standards, 96,
122, 206

testing, 122
"Paper box", 1

operation of, 81
Papermaking, 21, 22

techniques, stan-
dardization of, 209

Papermaking industry
(large-scale), 8

Organization, 201

Paper product indus-
try, 6

problems, 204

process for
making, 147

hand made, 127

Papers, specialty,
handmade, 137

Papier-mache, process
for making, 154

Paraffin papers,
process for
making, 154

Parchment finish, 104

papers, 113

Pasteboard, 113

Pattern, 100

Pattern, paper, process
for making, 154

Peeling, 120
Permanence, 100
Permeability, 100
Phozy, 120

Pick, 120

Picking, test for, 125
Pigmentation, 100
Pigment dyes, 75
Pinhole, 120

Pitch spots, 120

Plant, layout require-
ment, 170

requirements, 167
Plate paper, 113
Ply adhesion, 100
Poie mark, see back mark
Porosity, 100

test for, 125
Pest, §§
Postcard paéer, 113

Poster paper and
board, 113

Pottery tissue, process
for making, 155
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Power requirements, 171
Preservatives, 76

Press, drying, 90
Pressing, 90

Preliminary treatment, 17

Printed materials on
papermaking, 228

Printing industry, 8

Printing opacity, 101

Printing papers, 113
finishes, 102

Printing properties, 101

Printing smoothress, 101

test for, 125

Problems of small-scale
industry, 183

Problems of small-scale
papermaking, 184

Procedure for starting
papermaking industry, 198

Process, basic paper, 16
beating, 69
drying, 90
finishing, 89
paper lifting, 78
pulping, 58

organizing the industry,201l



Process (Cont.)
sheet forming, 78

stock preparation,
69

Production waste,
avoiding, 76

Products, paper,
handmade, 127

Profits, checklist, 196

Promotional pro-
grams, 209

Properties of
fibers, 29

of paper, 96
of pulps, 61, 70

to be standard-
ized, 207

Protectivity, 101

Published materials on
papermaking, 228

Publishing industry, 8
Pulp, 21, 22
brick, 77
fast, 70
free, 70
freeness of, 61
greasy, 70

quality of, 64

Pulp (Cont.)
slow, 70
wet, él’ -7—0

Pulp and Paper Insti-
tute, 199

Pulping, 17
bagasse, 67
bamboo, 66

chemical, 62

combined processes, 63
ease of fibers, 29
equipment, 59

equipment require-
ments, 168

esparto, 67
facility, central, 204
grasses, 67

hand methods, 58
jute, 68
mechanical, 61
modern methods, 61
mulberry, 65
processes, 58
rags, 65

semi -chemical, ég

straws, 67
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Pulping (Cont.)
waste paper, 66
Pulps, transporting, 76
Quality control, 206
requirements, 3
Rag-content papers, 113

Rags, pulping of, 65

Rainbow surface tinting,
process for making, 135
Rattle, 101
test for, 125
Raw fiber, 70

Raw material require-
ments, 162

Record paper, see
ledger paper

Refiner, Zg
Reflectance, 101

Release papers, process
for making, 155

Repulper, 64
Repulping, 64

Requirements for small-
scale papermaking, 161

Research equipment re-
quirements, 170

Research facilities,
world, 239



Resilience, 101
test for, 125

Resin-impregnated
papers, 155

Resistance to penetra-
tion by a
liquid, 101
to wear, 101
Retree, 120
Rigid mould, 86
Ring marks, igg
Rinsing, 17
Ripple finish, lg&

Rod mills, 23

Rope paper and
board, 114

Rosin, 73
Rosin specks, 120

Rugs, process for
making, 155

Sabai grass, uses
of, 28

Safety finish, 104
Safety papers, 108

process for
making, 155

Safety require-
ments, 174

Satin finish, 104

Sawdust spots, 120
Screen, 84
laid, §2
wove, §2
Screw press, 90
Scuff resistance, lgl, 125
Seconds, 120

Seed flax tow, uses
of, 28

Semi -chemical paper-
board, 114

Semi-chemical pulping, 62
Shearing strength, 101

Sheet forming equipment,
requirements, 168

Shiner, lgg
Shortage of paper, 2
Zilicate of soda, 74
Sinhua paper mill, 176
Size, 73, 101

engine, 73

surface, 73

tub, Zé, 93
Size stain, 120
Sizes, standard, 207

Sizing problems, 73
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Sizing (Cont.)
process, 12

Skill, need for, 3

Skipped coating, 120

Slate-paper, process
for making, 155

Slime spots, 121
Slow puip, 70
Slurry, 22

Small-scale industry,
problems of, 183

Small-scale paper-
making, problems of, 184

requirements for, 161

types of paper for, 13
Smooth finish, 104
Smoothness, lgl

Scap papers, process
for making, 156

Solid cardboard, 114

Solution-saturated
pagers, 156

Soundproofing materials,
process for making, see
insulating materials, 153

Specialty papers, ll4
handmade, 137

Specific volume, 101



Specks, 121

Spinning papers,
process for
making, 156

Spongy, 121

Spots, 120
Stamper, 60

Stamps, see fur

Standardization of
techniques, 209

terminology, 209

Standardized grades
of paper, 208

properties, 207
Standards, 206
Standard sizes, 101, 207
Steamed groundwood, b2
Stepanek, Dr. J.E., 176
Stickmark, see back marj
Stiffness, igi
test for, 126
Stock, 22

preparation, 69

preparation eqguip-
ment, 69

preparation pro-
cess, 69

Storage equipment v

requirements, 169

Strawboard, 114
Straw, uses of, 28
Straws, pulping, 67
Strength, 101
Stretch, 101
test for, 126

Stuff-chest, 9

Sulphate paper, see
kraft paper

Sulphate pulping pro-
cesses, 62

Sulphite paper, 1l4

Sulphite pulping pro-
cess, 62

Supercalenderized, 104

Superfine writing
pafer, 114

Surface size, 73

Surfacing equipment re-
quirements, 169

Surfacing of a sheet, 92

114

Tablet writing paper,
Tag stock and board, 114
Tamo, 74

TAPPL, 241

Tar paper, process for
making, 156

Tearing strength, 102
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Tearing strength (Cont.)
test for, 126

Technical Association
of the Pulp and Paper
Industry, 241

Technical information
materials available, 220
Technological factors, 184

Tempered board, process
for making, 156

Tensile strength, 102
test for, 126

Terminology, standardi-
zation of, 209

Testing equipment re-
quirements, 170

Tests for paper, 123
Textile industry, 8
Text papers, 114
Texture, 102

Thermal conductivity, 102

Thickness or caliper,
test for, 126

Thin papers, 113

Ticket stock and
board, 115

Timber industry, 7
Tissue paper, 115
115

Tollet paper,



Touch pdpe:. pro-
cess for making, 156
Tough check, 1135

11

Toweling,

process tor
making, 156
Trade associations, 207

Trade papers on paper-
making, 237

Traditional hand
pulping methods, 58
Training programs, 209

Translucency, 102

to

Transparent paper, |

process for

making, 156
Transportation facili-
ties, 171

Two-sidedness, 121

Tub size, Z}, 93

Turmeric paper, process
for making, 157

Twisting papers, pro-
cess for making, 157

Uncoated printing
paper, see book paper

juglazed (finish), 104

United States market for
handmade paper, 190

recearcnh faciii-
ties, 239

to

Vapor permeability, 1

Variables, indepen-
dent, 10, 20

Vat, 79

Vatman, 80

Vatman's stroke, 30

115

Vat papers,

Vellum finish, 104

Vellum paper, 11!5

wallboard for consiruction
use, process fur
making, 157

Wall-drying, kA

wWallpaper, process for
making, 157

wallpaper scock, sce
hanging paper

Walrus tfinish, 104
~aste, avoiding, 70

in production, 76

Waste materials industry, 9
Waste paper repulping, Ho

Waste-removai facili-
ties, 170

vaste waters, 166

Water absorption, 102,

~atercolor paper, 115

water glass, 74
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water industry, 9

Water, kind needed, 166

minimum needed, 165
requirements, 165
temperature, 79
waterleaf, _E_E
watermark, 36

as control, 207
crocess for making, 86

wWatermarked paper,
cess for making,

Dro-

157

waterproof liner, pro-
cess tor making, 157

Waterprooniness, 102

test for, 126

Waterproof
cess for

papers, pro@
making, 157

~aters, waste, 166

wavy edges, sece curl

Waxed papers,
157

aracess for

making,

(“i

Wedgy,

Weighe, 102

Wet nulp, ol,

I3

~er strength,

i &

test for, 126

Al

wet-strength paper, 11

o —



Wer-strength papers, i Wwild, see cloudy Wove screen, 85
process for mak-
ing, 158 Window paper, pro- Wrapping paper, 115

cess for making, 158

Wettability, 102 | tissue, 117
Wool felts, 8 writing paper, 116
wet tensiig
strenyth, 102 Wove finish, 104 finishes, 102

THLIS INDEX MAY BE USED AS A GLOSSARY

N

TERMS USED IN THIS MANUAL ARE DEFINED

ON THE PAGES UNDERLINED IN THIS INDEX

-

The drawings in this Manual have hween prepared
in the right proportion, and made vo cover
enough of the kev subjects, to allew their use
as a tilm strip or sct ol slides, Ior the
nurpase of illustrating a talk or meeting on
the subject of papermaxing. These drawings
may be photographed or traced, and may be put
in any arder which will best 1llustrace the
particular point the speaker wishes "to make.
(See especially Figs, 1 to 7, pages 183 and 19,

which include also the basis for a script. For
the most part, the photographs in the Manual
are also in Iilm strip proportions, and thex
may make adequate Iilm strip material under
some circumstances.
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