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demand catches up with supply. Viability can also be improved through
government. incentives, local or regional needs, the economy, and employ-
ment needs of the Jeveloping country, and by increasing the pulpmill
size.

21. Conversion ol an existing krvaft pulpmill (designed tor temperate
zone hardwoods) to use mixed tropical hardweods, and the substitution
of wood for oil as tuel in a steam-generating boiler, requires no new
technology. Financial justification will vary for ecach specific mill
and location.






(g) Technology for harvesting that has social and economic balance.

(h) Forest product manufacturing technology suitable to meet the
domestic needs of the developing countries.
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the individual Philippine barks ranged from 7 to 34 percent, but the
generally high silica contents preclude consideration of whole-tree
utilization concepts for the production of fiber. The heating value
of the individual Philippine barks ranged from 4,800 to 9,000 Btu per
pound of dry bark.

Because the most likely use of bark will be as fuel, mixtures containing
equal weights of each bark from each of the three resources were made
and analyzed. These results are summarized below:

Bark mixture Heating
from Ash Silica value
Pct Pct Btu/1b
Philippines 10.0 3.7 7,547
Ghana 10.6 2.2 7,642
Colombia 5.2 1.2 8,311

Additional detailed information regarding bark studies can be found in
A.1.D. Report 10 (29).

Technical Feasibility of Products

Both semibleached and fully bleached kraft pulps were made successfully
from mixtures of trepical hardwoods from the Philippines, Ghana, and
Colombia--all involving the uniform density distributions. Cleanlipess
and strength properties of these pulps were as good or better than those
of pulps made from temperate zone hardwoods and presently available on
the commercial market. Full details of the procedures, pulping and
bleaching conditions, and properties of these pulps are given in
references (12,14},

Tropical hardwood mixtures required slightly more alkali than temperate
zone hardwoods to obtain fully cooked slush pulps. These mixed tropical
hardwood kraft pulps also have larger amounts of residual lignin and

require more bleaching chemicals to obtain comparable brightness levels.
Because higher amounts of lignin and extractives are generally found in
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tropical hardwoods, pulp yields are also slightly lower than those of
pulps from temperate zone hardwoods.

The semibleached pulps were all about equal in strength. Likewise the
fully bleached pulps were about equal in strength. However, the {fully
bleached pulps were stronger than the semibleached pulps--even after
drying on the paper machine. The main reason for the differences is
that less expensive, and more degrading, hypochlorite was used in
preparing the semibleached pulp.  When the viscosities ot all pulps
were compared, some degradation ot the semibleached pulps was obvious
(tables 4 and 5.

Commercial use ot either semibleached or tully bleached market-grade
kraft pulps from mixed tropical hardwoods trom anv of the three arcas
should present onlty minor technical problems.  The papermaker might
have temporary acceptance problems because of working with a new and
unfamiliar raw material, but this would be resolved quivkly with
experience.

Thermomechanical Pulps

tor Use in Papers

Two of the Philippine mixtures (3- species and S-species mixtures of the
lighter colored species) and the one Ghanaian mixture (4 species) pro-
duced strong, easily bleached, thermomechanical pulps comparable to or
better than similar puips made from temperate zone hardwoods. Thermo-
mechan:cal pulp made from a Philippine mixture cortaining 24 species was
adequate in strength but Jdetictent only in brightness. This could be
expected since many ot the individual species in this mixture were dark
colored. Propevties of these thermomechanical pulps are given in table 6.

Papers

Hardwood mixtures from the tropics are suitable for the manufacture of
newsprint, tablet, toweling, and tissue papers, both toilet and facial.

Newsprint.--Acceptable quality newsprint for world markets was made with
as much as 90 percent Philippine hardwood pulps (70 percent bleached
thermomechanical pulp from three of the lower deusity, light-colored
species, 20 percent Philippine hardwood kratt pulp, and 10 percent com-
mercial long-fiber sultite pulp). Newsprint with acceptable propertiecs
was also made from 100 percent Philippine hardwood pulp (70 percent
thermomechanical and 30 percent kraft), but some long fiber is generally
considered necessary for satisfactory runnability, both during paper-
making and printing. Bleaching of the thermomechanical pulp was neces-
sary for matching the brightness of Canadian and U.S. newsprint. The
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Medium-density hardboards with 8 percent phenol-resorcinol resin exceeded
the requirements of the Voluntary Product Standard ‘“or hardboard siding
(table 16).

The energy requirement of 6 horsepower days per ton of air dry pulp to
produce hardboard-quality fiber from the Colombian and Ghanaian mixtures
was comparable to that required for U.S. hardwoods. The Philippine
mixtures were cven easicr to fiberize, requiring about half the power.
Further details are given in references (25,26,28).

Particleboards

Hammermilled Philippine hardwood chip mixtures A, B, and C and urea-
formaldehyde resin levels of 5 and 8 percent produced satisfactory
particleboards.  Boards also were manufactured from planer shavings of
mixture C and from steamed and unsteamed ring-flaked chips of mixture A
(table 17).

Al strength properties increased with an increase in either resin
content or board density. Linear expansion and thickness swelling were
reduced by an increase in resin content but were not significantly
affected by density. There were no differences between boards from ring-
flaked steamed or unsteamed chips; these two boards were superior in
modulus of rupture, modulus of elasticity, and linear expansion (but not
in internal bond and thickness swelling) to the boards from furnishes of

hammermilled chips and planer shavings. Gf the three furnishes from
hamnermilled chips, mixture B generally had properties inferjior to the
other two. The properties of the planer shavings boards were inter-

mediate to those from furnishes of hammermilled chips and ring-flaked
chips, except for thickness swelling where the planer shavings boards
were superior.

The strength properties ot all the interior-type boards made with urea-
formaldcehyde compared lavorably with the U.S. Commercial Standard

CS 236-66, but the maximum allowable lincar expansion was, with one
exception, met ounly by the boards from ring-flaked furnishes. Exterior-
type boards made with phenol-formaldehyde resin from mixture A hammer-
milled chips met the minimum property requirements of Commercial Standard
boards at 8 percent resin level but did not meet modulus of rupture and
modulus of elasticity minimums at the 5 percent resin level. Loss of
moduius of rupture after accelerated aging was 50 percent or less for
both resin contents. Further details ave given in reference (é).
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from freshly harvested wood because the wet weight, wet volume specific
gravity of all the woods fell into a very narrow range. Some of the

lightest woods, on the basis of dry weight, wet volume when freshly cut,
contain enough moisture to make them as heavy as the truly denser woods.

Should air cla sification of chips be necessary to provide either fuel

or improved pulp quality, then consideration must be given to determining
the best method of drying the wood. Because of the high humidity and
frequency of rainfall in most of the tropical forests being considered
for implementution of these findings, drying of the chips, with perhaps
waste heat in the flue gasses, would appear to be the most reasonable
approach (17).

Silica

The problem of silica in the wood as it affects the chipping operation
has already been mentioned. However, in the kraft pulping of these
woods, most of the silica will be dissolved into the cooking liquor.
Shown below are the effects of black liquor recycling on the distribu-
tion of silica. Four cycles were made on woods with three levels of
silica--0.3, 1.0, and 4.6 percent. In each of these cycles one-half
of the total water-to-wood ratio was undiluted black liquor from the
previous digestion.

-25-



Silica in
Cycle black liquor Silica in pulp
Lycle black liquor pulp
Percent Percent

Philippine Mixture C--0.3 Percent Silica

1 0.05 0.08
2 -- .08
3 .07 .09
4 .08 .07

Philippine Mixture C Enriched With Two High-
Silica Species--1.0 Percent Silica

1 .08 .30
2 .15 .32
3 .13 .29
4 .14 .31

Philippine Wood--Antipolo (Artocarpus Qlancoi)--
4.6 Percent Silica

1 1.1 .30
2 1.4 .29
3 1.3 .30
4 1.5 .26

Recycling of the black liquor did not increase the amount of silica
remaining with the pulps.

The levels of silica in the black liquors reached maximums after only
two to three cycles. These maximums, however, increased with increasing
amounts of silica in the wood.

With 1.5 percent silica in the black liquors, severe problems could
occur, such as reducing evaporator capacity by forminz a scale of sodium
silicate or other insoluble silicate compound on the evaporator tubes.
In the recovery furnace, silicate compounds are known to gradually form
deposits on the walls and between boiler tubes. When silica accumulates
in the causticizer, the sedimentation rate of lime sludge is greatly
reduced. These problems need to be considered in designing a kratt
pulpmill for utilizing tropical hardwoods containing silica (17).
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Corcugating Medium Runnability

Semichemical pulps were made from mixtures of tropical hardwoods by the
neutral sulfite, kraft, green liquor, and soda-carborate processes and
converted into nominal 26-ponnd-per 1,000-square-foot corrugating medium
on the Forest Products Laboratory experimental Fourdrinier paper machine.
The mediums were evaluated for resistance to fracturing on the Laboratory
corrugator by increasing the speed from 0 Lo 600 feet per minute with a
minimum of sheet tension, and theo increasing the sheet tensirn while at
a constant speed of 600 feet per minute.

Most mediums failed to corrugate at less than 20 feet per minute with a
minimum of sheet tension. Decreasing the neutral sulfite pulp vield
from 74 to 65 percent, refining the pulp more to give better bonding,
and lowering the paper machine headbox consistency to give a better
formed sheet did oot improve runnability through the corrugator.

Increasing the sulfidity of the kratt pulping liquor from 25 to 50 per-
cent was also ineffective. Surface frictional tests, microscopic exam-

inations, and chemical analysis failed to reveal causes for the poor
performance of the mediums through the corrugator.

Adding oleic acid to the paper machine furnish to act as a lubricant,

or passing the medium over polvethylene bars as it was being fed to the
corrugator, effectively overcame this runnability performance of mediums
made from such semichemical pulps. Further research is also needed to
develop better test methods tor predicting the runnability of corrug-
ating mediums (23).

This study was conducted by the Forest Product Research and Industries
Development Commission (FORPRIDECOM), College, Laguna, Philippines,
under contract with the USAID Mission in the Philippines. Overall
technical supervision was provided by U.S. Forest Products Labearatory.

The Paper Industries Corporation of the Philippines (PICOP) provided the
site at Bislig, Surigao del Sur, Philippines, for the experimental chip
pile and provided the personnel and equipment necessary to build the
chip pile and to recover the chip samples at the required time intervals.
The species and type of wood chipped represent the usual run-of-the-mill
material used in the regular commercial production of kraft pulp.

A chip pile with the final dimensions shown in figure 1 was constructed.
As the dump trucks brought the chips from the temporary pile near the
pulp mill building and unloaded them at the experimental pile site,
representative samples were set aside while the pile was being built up
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Figure 1.--Design of experimental chip pile.
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Figure 2.--Sensitivity tests--internal rate of return on investment
























is removed and then trees are started in combination with the last crop
of food plants when the stored soil organic matter begins to suffer
depletion. This approach would often have high social utility because
of its compatability with the prevailing mode of subsistence agriculture.
However, it is probablv associated with much more soil degradation than

clearcutting and planting. Nevertheless, any-species utilization would
make the clearing °t lond tor sgriculture a source ot income and the
same might well o rue ot the growing of tree-crop tullow between
episodes of cult .tion tor {ood. The same would be true of various
agro-silvicultur. _.echaniques which involve growing tree crops with food

or forage plants .multaneously on the same land.

General

These alternatives each include many variants. It is best to think in
terms of which approach fits best on a particular site rather than of
which single approach is universally superior. Any rational overall
forest management plan would probably include a mixture ot all general
approaches.

The status quo is also a management alternative. However, this is
generally not the alternative of leaving forests alone.  Most of the
moist tropical forests that are sufficiently accessible for any-tree
utilization are already subjected to shifting cultivation or the forest-
degrading effects of highly selective utilization.
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Table 1.--Anatomical features and specific gravities of individual hardwoods

Botanical name

Common name

Specific

gravityl/

Length

Canals

- A A o = .~ - ——— - . - L — = e = e e S e e L N A s e = - o " TS m v A e e Sm Mm MY SN S S e MR M R G e G Ge e e e e e - e SR L e e - e - -

Allanblackia floribunda
Anogeissus leiocarpus
Anopyxis klaineana
Antiaris africana
Canarium schweinfurthii
Celtis adolfi-friderici
Cleistopholis patens
Dacryodes klaineana
Discoglypremna coloneura
Entandrophragma angolense
Guarea cedrata

Hannoa klaineana

Khaya ivorensis

Lophira alata

Musanga cecropioides
Piptadeniastrum africanum
Sterculia oblonga
Sterculia rhinopetala
Strombosia glaucescens
Tarrietia utilis
Tieghemella heckelii
Triplochiton scleroxylon

Average

Tallow tree
Kane

Kokoti

Antiaris
Canarium
Lokonfi

Otu

Adjouba

Akoret

Gedu nohor
Scented guarea
Effeu

African mahogany
Ekki

African corkwood
Dahoma

Eyong

Brown sterculia
Afina

Niangon

Makore

Obeche

GHANAIAN WOODS

0.54
.11
.72
.31
.34
.55
24
.69
.37
45
.49
.28
41
.81
.30
b

59
.55
.70
46
.50
.30

.51

[
.

b bk bt ik bt ek pd
.

ot b RO N N et b e e = DO

w
=

Fiber
Wall thick- Runkel 510 Ash
ness ratiog/

] Pct  Pet
5.5 1.05 -~ 1
7.3 2.97 0.09 3
14.1 1.86 --
3.6 .40 20 1
3.4 .32 3001
4.4 .53 01 1
3.6 .21 02 1
4.6 .63 52 1
5.8 .37 01 1
4.3 .57 - 1
3.4 .56 a11
3.0 .30 .02
3.6 .52 --
1.4 5.92 --
4.4 .25 .04
5.5 .77 .02
2.1 2.65 - 2
8.0 3.13 - 2
13.1 1.93 011
5.0 .53 --
4.8 .65 .16
4.9 .64 01 2
5.71 1.21 .10 1.

.75
47
.75
.54
.53
.55
.24

.73
.62
.25
.65
.11
.41
.24
41
.75
.16
.27
.92
.34
.45

1
1

37
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Table 1.--Anatomical

features and specific gravities of individual hardwoods--continued

Botanical name

Apeiba aspera
Aspidosperma sp.
Brosimum utile
Castostemma alstonii
Cecropia sp.

Ceiba pentandra

Couma macrocarpa
Dialium guianense
Enterolobium schomburgkii
Hieronyma sp.
Helicostylis tomentosa
Jacaranda copaia
Nectandra sp.
Neoxythece sp.

Ormosia paraensis
Pourouma sp.

Vochysia ferruginea
Virola sebiiera

Fiber
SPECific  —m e
Common name P NRY ‘ Wall thick- Runkel SlO2 Ash Canals
gravity- Length
ness .
ratio—
mm o Pet  Pet

COLOMBIAN WOODS
Peine mono 0.14 1.7 4.01 0.32 -- 3.55 -
Carreto .69 1.8 3.18 6.39 -- .62 -
Sande .49 2.7 4.09 .49 01 .51
Arenillo .54 2.5 1.30 6.38 -- 1.26 -
Yarumo .25 1.4 3.43 .16 02 1.71 -
Ceiba .23 1.6 3.07 .20 -- 3.73 -
Perillo negro .55 1.7 6.01 .58 -- .40
Tamarindo .82 1.3 6.23 2.26 1.48 1.82 -
Carbonero .63 1.4 4.75 .95 -- .75 -
Casaco .60 1.8 8.31 .88 -- .55 -
Lecheperra .78 1.3 4.44 1.72 03 1.10 -
Chingale .37 1.3 3.70 .29 -- .58 -
Canclo .55 1.5 4.83 .65 -- .18 -
Caimo .86 1.9 2.04 10.83 .55 .95 -
Chocno .67 1.6 8.52 1.35 01 .29 -
Cirpo .37 1.4 3.85 .26 -- .76 -
Dormilon .45 1.4 4.76 .45 02 .82 -
Sangretoro .51 1.5 5.62 .74 -- .33 -

.52 1.7 6.23 1.93 30% 1.11 -

Average

(Page 2 of
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Table 1.--Anatomical features and specific gravities of individual hardwoods--continued

Botanical name

Common name

Specific

gravityl/

Alphitonia philippinensis
Alstonia scholaris

Amoora macrocarpa
Anisoptera thurifera
Artocarpus blanchoi
Calophyllum obliquinervium
Cananga odorata

Canarium luzonicum

Ceiba pentandra
Chistocheton pentandrus
Dillenia philippinensis
Diospyros nitida

Diospyros philippinensis
Diospyros philosanthera
Dipterocarpus grandiflorus
Dipterocarpus gracilus
Dysoxylum euphlebium
Endosperum peltatum
Erythrina subumbrans
Erythrophloeum densiflorum
Ficus variegata
Homalanthus populneus
Hopea foxworthyi
Lagerstroemia piriformis
Leucaena leucocephala

Tulo

Dita
Katong-lakihan
Palosapis
Antipolo
Dangkalan
Ilang-ilang
Piling-liitan
Kapok
Katong-matsin
Katmon
Katilma
Kamagong
Bolong-eta
Apitong

Panau

Miau

Gubas

Rarang
Kamatog
Tangisang-bayauak
Balanti
Dalingdingan
Batitinan
Ipil-ipil

0.42
.32
.61
.55
.47
.57
.31
.55
.24
.72
.59
.68
.72
.74
.62
.58
.62
.32
.26
.65
.24
.36
.67
.60
.74

Fiber
Wall thick- Runkel 510y Ash ~ Canals
Length
ness . 2/
ratio—

mm 2 Pet  Pct

1.2 3.3 0.50 0.01 0.47 -
1.6 3.0 .22 .01 1.08 +
1.6 6.5 .88 .03 .84 -
1.8 8.5 3.99 .72 1.17 +
1.6 3.0 .30 4.55 5.21 +
1.4 4.7 1.06 .01 .65 -
1.4 3.0 .22 .02 1.46 -
1.3 4.7 .79 .21 .73

1.9 4.1 .40 -- 4,45 -
1.5 6.8 2.37 .02 .78 -
2.8 14.5 2.18 .02 1.06 -
1.4 4.3 1.55 .02 2.51 -
1.1 4.2 1.60 .01 2.98 -
1.3 3.9 2.01 .02 1.96 -
1.7 9.2 4.59 .23 .69 +
1.9 9.5 2.61 .43 .93 +
1.7 6.9 1.17 .04 1.16 -
2.0 5.9 .33 .01 .62 -
1.9 2.9 .23 -- 1.61 -
1.6 4.5 1.03 .01 1.62 -
1.3 2.6 .17 .02 3.64 +
1.5 3.4 .31 .01 1.17 -
1.4 6.3 2.66 .04 .70 +
1.3 5.8 1.36 .01 3.56 -
1.9 4.7 .81 .01 .91 -

(Page 3 of
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Table 1.--Anatomical features and specific gravities of individual hardwoods--continued

Botanical name

Litchi philippinensis
Lithocarpus soleriana
Macaranga bicolor
Madhuca oblongifolia
Mangifera altissima
Mastixia philippinensis
Melicope triphylla
Meliosma macrophylla
Octomeles sumatrana
Parashorea plicata
Pentacme contorta
Pygeum vulgare
Sandoricum vidalii
Shorea astylosa

Shorea negrosensis
Shorea polysperma
Shorea squamata
Swintonia foxworthyi
Syzigium nitidum
Terminalia nitens
Trema orientalis
Vatica mangachapoi
Weinmannia luzoniensis
Xanthophyllum excelsum
Zanthoxylum rhetsa

Fiber

Specific e .

SUNEY, Wall thick- Runkel 510y Ash ~ Canals

gravity- Length

ness . 2/
ratio—
mm 2} Pct  Pet
PHILIPPINE WOODS--con.

.79 1.1 5.5 1.48 .01 1.10 -
.74 1.7 8.1 3.53 .02 .79 -
.32 1.6 2.9 .24 .02 1.46 -
.56 1.6 4.7 .83 2.19 3.01 -
.44 1.0 2.7 .37 .02 2.91 -
.45 2.8 12.3 1.30 .10 1.72 -
.38 1.4 4.0 .39 .43 1.05 -
.26 1.9 3.8 .30 .04 1.34 -
.24 1.6 2.8 .24 -- 1.32 -
.48 1.4 3.2 .47 .01 1.42 +
.40 1.6 4.4 .57 .06 .72 +
.45 1.4 3.7 .45 .01 .50 -
.39 1.4 4.0 .34 .01 .61 -
.72 1.6 7.8 .38 .03 .92 +
.51 1.8 6.3 .84 .03 .09 +
.43 1.5 3.7 LG4 .08 .20 +
.37 1.5 3.8 .36 .04 .36 +
.56 1.4 4,2 .68 .10 1.00 +
.79 1.4 8.1 4.49 .03 .78 -
.49 1.5 4.1 .51 .10 .68 -
.32 1.4 2.8 .22 - 1.00 -
.62 1.5 8.5 4.70 .22 .74 +
.53 1.7 7.8 1.40 .01 1.52 -
.64 1.5 9.1 2.30 - 1.11 -
.30 1.2 3.0 .30 .01 .75 -

Common name

Alupag-amo
Manaring
Hamindang
Malabetlis
Pahutan
Apanit
Matang-arau
Balilang-uak
Binuang
Bagtikan
White lauan
Lago
Malasantol
Yakal

Red lauan
Tangile
Mayapis
Lomarau
Makaasim
Sakat
Anabiong
Narig
Itangan
Miau
Kaitana

(Page 4 of
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Table 1.--Anatomical features and specific gravities of individual hardwoods--continued

Fiber

. Specific ——— s )
Botanical name Common name RY; Wwall thick- Runkel 5102 Ash Canals
gravity— Length
ness .
ratio-
mm H Pct Pct
PHTLLPPINE WOODS--con.
Average 0.51 1.57 5.35 1.32 .22 1.38 -

1/ Green volume-ovendry weight.
2/ Twice thickness of cell wall divided by the width of the lumen.

(Page 5 of 5)



Table 2.--Composition of tropical hardwood mixtures

Percent in Philippines Ghana Colombia
. 1
mixtures— Range Number Range Number Range Number
in of ) in of in f'
A B C specific . specific . specific ° .
o species . species . species
gravity gravity gravity
16.67 2 4 0.236- 6 0.241-~ 4 0.225- 2
.296 .302 .250
16.67 4 8 .308- 9 .312- 3 .369- 2
.394 .370 .372
16.67 9 20 .401- g .413- 3 LL47- 3
.485 .450 511
16.67 15 40 .501~ 10 .460- 3 .536~ 3
.597 .499 547
16.67 20 20 .608- 8 .540- 4 .603- 3
.697 .589 .671
16.67 50 8 .718- 8 .692~ 5 .692~ 4
.793 .808 .859

1/ Moisture-free weight basis.
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Table 3.--Chemical analysis of tropical hardwood mixtures

Extractivesl/
. 1/ . 1/ .1/
Mixture pH Ash 5102 Lignin Ethyl Alcohol Hot
ether benzene water
Pct  Pet Pct Pct  Pct  Pct
PHILIPPINES
A 5.37 1.45 0.19 30.80 0.76 4.14 3.45
B 5.09 1.38 .12 31.75 .91 4.05 3.28
C 5.06 1.39 .28 31.60 .75 3.78 3.05
GHANA
A 5.63 1.26 .08 26.64 .51 4.07 2.76
B 5.23 1.47 .08 27.72 .10 3.32 2.38
C 5.65 1.16 .06 25.62 .46 4.07 2.50
COLOMBIA
A 5.71 .94 .06 28.71 .33 3.84 3.79
B 5.81 .91 .28 28.60 .34 3.15 3.89
C 5.59 .68 .04 29.51 .31 3.66 3.70

1/ Moisture-free wood basis.
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Table 4.--Semibleached kraft pulps from mixtures of tropical hardwoods

o L 1/ o o
Pulp condition Kappa Total chlorine- Bright- Bleached . . Beating Burst Tear Breaking Apparer
and freeness number pulp Viscosity time facto facto length  densit
(Can. Stand.) um Applied Consumed "¢%% yield tme a * r g th
ML Pct Pct Pct Pct cp Min Km  G/cm?
PhilippinesZ/ 22.8 8.0 7.9 76.4 44.6 8.7
Unbleached
550 11 48 121 8.6 0.59
350 32 73 116 11.5 .67
Semibleached
550 3 34 118 6.3 .62
350 26 65 108 9.8 .69
Ghana3/ 20.9 6.0 5.5 76.0 43.2 7.3
Unbleached
550 9 50 130 8.8 .60
350 27 82 119 12.2 .69
Semibleached
550 0 41 102 6.5 .64
350 18 67 87 9.3 .71

1/ CEH bleach
2/ Mixture "A" of 47 species.

2 A.I.D. Report No. 6 (12).
3/ Mixture "A" of 22 species. A.I.D.

Report No. 7 (13).
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Table 5.--Fully bleached kraft pulps from mixtures of tropical hardwoods

o L1/
Pulp condition Kappa Total chlorine Bright- Bleached . . Beating Burst Tear Breaking Apparent
and freeness number 1ess pulp Viscosity time factor factor length  densit
(Can. Stand.) € Applied  Consumed ' yield g y
ML Pct Pet Pct Pct cr Min Km G/cm?
Philippines?/ 22.8 8.5 8.5 88.8 43.7 11.6
Unbleached
550 11 48 121 8.6 0.59
350 32 13 116 11.5 .67
Bleached and
dried
550 6 42 113 5.7 .63
350 33 60 120 9.1 .70
Ghana3/ 22.8 %73 6.9 85.0 42.3 10.2
Unbleached
550 9 50 130 8.8 .60
350 27 82 119 12.2 .69
Bleached and
dried
550 6 22 112 4.3 .60
350 27 48 117 7.4 .68
Colombia2/ 27.6 8.9 8.5 86.0 43.2 10.2
Unbleached
550 10 45 117 8.5 .61
350 25 63 108 10.4 .67
Bleached and
dried
550 12 C24 123 4.9 .60
350 32 46 113 10.4 .67

1/ CEDED bleach.

2/ Hixture "A" of 47 species. A.I.D. Report No. 6 (12).
3/ Mixture "A" of 22 species. A.l1.D. Report No. 7 (13).
4/ Based inadvertently on a Kappa number of 20.4.

5/ Mixture "A" of 17 species. A.I1.D. Report No. 8 (14).
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Table 6.--Properties of thermomechanical pulps

from selected species of tropical hardwoods

Species
in
mixture

Freeness
(Canadian
Standard)

Burst
factor

Tear
factor

Breaking
length

Apparent
density

Brightness

Scattering
coefficient

24

170

105

115

120

13.7

32.6

27.6

40.6

PHILIPPINE

2.2

3.0

2.3

GHANA

3.5

.45

.42

.54

67.2

51.0

66.8

655
673

690

662

90.0
91.4

96.9

90.8
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Table 7.--Properties of newsprint (nominal 32-1b, or 52 g/m?) from Philippine and Ghanaiar. woods

. . . . 1
in comparison with commerc1almpqgg§§w/

Tearing Tensile Smooth-
Source Hardwood Thlsk— Burstxgg rusistanée, strength, Opacity Scatt?r}ng Brightness ness,
ness strength averape average coefficient (Elrepho) average
e ’ ‘ (Bekk)
Pct Mil Points Grams Lb/in. Pet Cm?/g Pct Second
of width
Philippine Z/g0 3.2 9.4 21.6 8.7 87.4 494 58.1 19.5
é/90 3.9 9.2 24.5 8.4 85.0 489 61.9 16.3
47100 3.6 10.4 19.5 9.7 89.8 487 61.4 20.8
290 3.5 11.5 26.8 10.6 91.3 503 46.5 25.9
Ghana 90 3.1 11.6 26.1 11.3 83.6 507 66.0 31.9
Commercial:
Philippine -- 3.6 7.5 19.9 5.8 92.2 660 45.3 -
Canadian -- 3.5 6.0 17.7 7.7 91.2 456 54.6 28.3
U.S.--South -- 3.8 9.6 37.6 9.2 93.1 486 57.6 23.0

1/ Tested according to TAPPI Standard methods.
Z/ Bleached thermomechanical pulp--three lighter colored woods; remainder long-fiber sulfate pulp.

3/ 70 pct bleached thermomechanical pulp (three lighter colored woods in Philippine mixture and four
in Ghanaian mixture), 20 pct hardwood kraft, and 10 pct long-fiber.

4/ 70 pct bleached thermomechanical pulp (three lighter colored woods) and 30 pct hardwood kraft.
5/ Same furnish as in footnote 3/ but 24 lower density woods were used for thermomechanical pulp.
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Table 8.--Properties of tablet papers from different amounts of Philippine hardwoods (16-1b paper or

60 g/m?) compared to a Uniled States commercial paper!/
. . Tearing Tensile . . ‘ Smoothness,
Ratlosz/ Thickness Szriglzﬁ resistance, strength, ?gﬁii;tg Opacity %gi%:tﬁzss average
of pulp= reng average average y P (Bekk)
Pct Mil Points Grams Lb/in. Second/ Pct Pct Second
of width 100 cm3
80 PERCENT PHILIPPINE HARDWOOD
60-20-20 3.4 22.4 45.0 17.9 11.3 82.8 78.4 22.9
45-35-20 3.4 18.3 39.2 15.2 15.4 82.5 76.7 21.0
90 PERCENT PHILIPPINE HARDWOOD
40-50-10 3.8 17.9 35.1 15.1 23.8 85.8 75.8 18.0
COMMERCIAL U.S. TABLET
3.2 23.9 50.9 16.7 13.4 83.6 81.8 42.4

1/ Tested according to TAPPI Standard methods.

2/ The first quantity is the percentage of kraft pulp, the second is percentage of thermomechanical
pulp, and the last the percentage of long-fiber kraft pulp.



Table 9.--Properties of sanitary tissues and toweling made from

various percentages of hardwood kraft pulpsl/

Tensile

. _ Stretch, Water
Product Hardwood strength, machine  absorbency, Softness,
2/ machine . . 3 overall
kraft= d4i ‘ direction (0.1 cm?)
1rection
Pct Lb/in Pct Second
of width
Facial tissue 80 0.42 21.4 46.4 1,184
40 1.03 7.6 65.2 418
Toilet tissue 80 1.15 6.0 31.1 420
40 1.66 10.2 49.8 266
Creped toweling 80 3.60 7.9 33.8 26
40 6.40 7.4 18.4 33

1/ Tested according to TAPPI Standard methods.

2/ All furnishes contained 20 pct commercial long-fiber bleached
kraft pulp and the furnishes with 40 pct kraft also had 40 pct hardwood
bleached thermomechanical pulp (three of the lighter colored species).
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Table 10.--Properties of linerboard~’ made from various mixtures of
tropical hardwood unbleached kraft and western

softwoodg/ unbleached kraft
Philippine Colombian
hardwoods, hardwoods,
Properties Controlg/ maChinZ run machine run
No. 4/ No.é/
7143 7144 7161 7162
Weight: Square meters............. g 205 212 219 209 212
1,000 square feet........ 1b 42.0 43.6 45.0 43.0 43.6
Thickness.............. ... ... ... mils 12.2 12.0 11.7 12.4 11.9
Density........... ... .. g/cm3 0.66 0.70 0.74 0.67 0.70
Bursting strength................ pts 114 78 102 66 88
Tearing resistance:
Machine direction................ g 313 351 351 322 346
Cross direction............v.v.v.. g 328 366 355 370 352
Folding endurance:
Machine direction..... double folds 408 2,030 2,068 942 1,035
Cross direction....... double folds 432 951 997 533 913
Ring crush:
Machine direction............... 1b 152 115.0  134.6 113.0 134.1
Cross direction................. 1b 112 86.0 108.1 87.5 107.9
Tension:
Maximum stress:
Machine direction........ 1b/in.? 8,420 7,380 8,830 5,870 7,080
Cross direction.......... 1b/in.? 3,680 3,240 3,930 3,180 3,790
Modulus of elasticity:
Machine direction..1,000 lb/in.?2 864 1,018 1,030 994 1,288
Cross direction....1,000 lb/in.2 378 369 430 407 444
Strain to failure:
Machine direction............ pct 2.2 1.3 1.7 1.5 1.7
Cross direction.............. pct 6.3 4.1 5.4 3.3 4.2
Thickness® ... ... . mils 11.3 10.7  10.8  11.2  11.1

1/ All linerboard furnishes were treated with H,)SO4 to a pH of 7.0, 1 pct

rosin size added, and the pH adjusted to 5 with alum.

2/ All western softwood refined to approximately 670 ml Canadian Standard
frecness.

3/ The control was 100 pct southern pine kraft, disk refined, 500 ml
Canadian Standard freeness, with no surface sizing.

4/ Both runs made from screen accepts of high-yield cooks, Kappa No. 72.3,
50 pcet tropical hardwood unbleached kraft, 50 pct western softwood unbleached
kraft, 540 ml Canadian Standard freeness, in a conical refiner. Machine run
7143 had no sizing; 7144 had 2.2 pct sLaxch surface sizing.

5/ Both runs made from screen accepts of high-yield cooks, Kappa No. 85.0,
50 pct tropical hardwood unbleached kraft, 50 pct western softwood unbleached
kraft, 520 ml Canadian Standard freeness, in a conical refiner. Machine run
7161 had no sizing; 7162 had 2.1 pct starch surface sizing.

6/ Thickness measurements made using the procedure described by
Setterholm (Tappi, Vol. 57, No. 3, Mar. 1974).
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Table 11.-~Properties of corrugating medium made from various

100 percent mixtures of tropical hardwoods

Philippine
hardwoods,
rachine run No.

United States
hardwoods,

P ti sl/
ropertie machine run

Colombian
hardwoods,
machine run No.

2/
No. 6929 med  nm¥ e s
Base sheet freeness, Canadian
Standard........c.iiiiiiiien ml 410 240 355 290 350
Weight: Square meters............. g 127 127 128 122.9 126.9
1,000 square feet........ b 26.0 26.0 26.3 25.2 26.0
Thickness. ......c.oovuiiiiniereenns mils 10.1 8.5 10.0 9.2 9.5
DENSIEY . et n e g/cm? .49 .59 .50 .52 .52
Bursting streagth................ pts 40 41 46 33 42
Tearing resistance:
Machine direction................ g 70 120 18 108 92
Cross direction...........oeveeens ] 78 123 93 110 106
Folding endurance:
Machine directicn..... double folds 7 191 43 57 34
Cross direction....... Jdouble folds 8 98 29 36 35
Water absorbency (0.1 ¢n'):
Wire. .. e sec 13 98 16 - --
Felt.. ..o sec 13 94 18 - -
Ring crush:
Machine direction............... 1b 62.1 59.7 78.6 62.9 72.4
Cross direction................. 1b 51.0 46.8 57.7 47.8 56.4
Tension:
Maximum stress:
Machine direction........ 1b/in.? 5,920 4,920 5,300 4,380 5,170
Cross directisn.......... Ib/in.2 3,240 2,980 2,710 2,550 2,890
Modulus of elasticity:
Machine direction..1,000 1b/in.? 768 566 583 620 650
Cross direction....1,000 1b/in.2 374 343 269 310 315
Strain to failure:
Machine direction............ pct 1.6 2.2 1.9 1.6 2.1
Cross direction.............. pct 2.8 4.8 3.5 3.7 3.3
Thickaess®/ ... ... i mls 7.0 7.2 8.6 8.1 5.2
Concora (CHMT).... ... i, 1b 64.5 62.8 81.0 53.0 67.1

1/ All tests according to TAPPI standard methods except as indicated.
2/ Neutral sulfite sewichemical.
3/ Kraft screenings.

4/ Thickness measurements made using the procedure described by Setterholm (Tappi,

Vol. 57, No. 3, March 1974).
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Table 12.--Physical properties of the combined board made from high-vield tropical hardwood kraftl/

Properties

Control=~

2/

Philippine hardwoods,

machine

run No.

7143-7136-7143

7144-7136-7144

Colombian hardwoods,
machine run No.

7161-7160-7161

7162-7160-7162

Starch... ... i e pct
Basis weight........................ 1b/M fe?
Burst. .. .. pts
Coefficient of variation............... pct
Pin adhesion:
Single face side...... ... ... ....... Ib/in.
Coefficient of variation............. pct
Double back side. ... ... ouen... lb/in.
Coefficient of variation............. pct
Flat crush......... ... ... ... .. ....... 1b/in.?2
Coefficient of variaticn............... pct
Short column compression:
80° F, 30 pct relative humidity..... 1b/in.
Cocvfficieat of variation............. pct
73° F, 50 pct relative humidity..... 1b/in.
Coefficient of variation............. pct
80° F, 90 pct relative humidity..... 1b/in.
Coefficient of variation............. pct
Flexural sLiffness:}/
Paraliel to length.................. 1b/in.
Coefticient of variation............. pct
Perpendicular to length............. Ib/in.
Coefficient of variation............. pct
Scoreline crackingé/ (scores parallel to
flutes):
80° F, 30 pct relative humidity........ pct
73° F, 50 pct relative humidity........ pct
75° F, Y0 pct relative humidity........ pct

1/ All conditioning and testing done at 75° F, 50 pct relative humidity unless otherwise noted.

w
(=)
[pCARVeRN S RC NI |

109.0

w o
Q -~y

105.5

3.46

4.99

20.7

53.5
7.05
48.5
4.45
22.2

5.6

117.2
4.3
202

6.83

oo

2.1

129.9
171
8.6

5.35

2/ Control was 100 pct southern pine kraft pulp.
3/ 4-point bending; flutes parallel and perpendicular to specimen length.

4/ Score wheel clearance was 0.031 in. for scoring tests.

For scoring the boxes, the clearance was 0.052 in.



_gg_

Table 13.--Properties of containers made from high-yield tropical hardwood kraf{ll

Tup-to-bottom comprossiong/ Side-to-side compression End-to-vcd compression
- —— e en s e - == (3~1/4-in.-high (3-1/6-in.-high Impact
Material Stapch 57if--hish containers - 3-1/4-in.-high containers containers) containers) resis-
3
Load cvd/ Defor- oo 4 ey Deferm ey poia v Defor oy poaa oy Deform oy tance”
mation mation mation mation
Pct Lb  Pct In fct  Lb Pct In. Pct Lb Pct  In. Pct Lb Pct  In. Pct In.
Control
(100 pct
southern
pine) 0 917 8.5 0.82 7.0 676 6.1 0.45 16.3 412 8.7 0.34 36.7 283 5.8 0.26 15.4 81
483 29.1 50 0.0
PRILIPPINE
2/ 7143-
7136-
7143 0 687 2.7 .28 34.4 635 4.6 .53 20.0 336 5.2 .32 9.0 259 3.2 .33 11.4 98
512 23.1 .50 0.0
7144~
7136- 6/ 6/
7144 2.2 835 7.0 .81 19.2 720 6.4 .54 7.4 =423 7.5 .38 9.3 —-311 4.1 .36 19.3 94
620 19.7 .50 0.0
COLOMBIAN
7161-
7160~
7161 0 570 7.4 .57 4.1 478 4.6 .43 4.1 332 11.8 .40 29.3 218 6.4 .32 25.8 77
502 11.1 .50 0.0
7162~
7160-
7162 2.1 703 8.4 .68 16.7 560 6.0 .45 6.4 373 11.8 .36 21.9 252 10.7 .31 21.7 94
540 17.1 .50 0.0

1/ All conditioning and testing done at 73° F, 50 pct relative humidity.
2/ Containers were 10-3/4 by 8-1/16 in. in perimeter (length x width).

3/ Single drop of container with 12-1b can load.

4/ Coefficient of variation.

5/ Paper machine run numbers; full description given in tables 10 and 11.
6/ Average of 5 tests; other values, average of 10 tests.



Table 14.--Properties of hardboards made from various chip
mixtures and resin contents

Thickness
. swelling,
. . Resin Modulus Internal 50 to 90
Chip mixture of
content bond percent
rupture .
relative
humidity
Pct Lb/in.? Lb/in.? Pct
PRODUCT STANDARD 58-73
- 5,000 100 16.0 (S1S)
18.0 (S52S8)
DRY-FORMED HARDBOARD (S2S)
Colombia 2 3,080 97 12,2
4 7,020 198 6.9
Ghana 2 5,100 192 10.9
4 8,080 303 6.9
Philippine A 2 7,560 213 9.1
4 8,990 304 7.8
Philippine B 2 7,200 197 9.1
4 7,890 224 9.3
WET-FORMED HARDBOARD (S1S)
Colombia 1 8,110 431 8.8
Ghana 1 8,380 354 9.3
Philippine A 1 6,620 120 12.6
Philippine B 1 5,720 102 13.9
REGULAR COMMERCIAL PHILIPPINE HARDBOARD
-- 6,990 285 7.0

Note: S1S refers to smooth one side; S2S to smooth two sides.
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Table 15.--Properties of dry-formed medium-density hard-

boards made with 8 percent urea resin

Chip mixture

Linear movement

between
50 and 90 percent

relative humidity

Colombia
Ghana
Philippine A
Philippine B

U.S. Boards

Modulus Internal

of
bond

rupture

Lb/in.?2 Lb/in.?
3,340 142
3,870 134
3,910 120
3,580 104
4,880 153

.20
.16

47

Table 16.--Properties of dry-formed medium-density hardboards

made with 8 percent phenol-resorcinol resin

Tinear
mov-ment
betw._en

50 and

90 percent
relative
humidity

Chip mixture

Modulus
of
rupture

Linear
movement
between

50 and

90 percent
relative
humidity

Modulus
Chip mixture of

rupture

Lb/in.?
Colombia 3,570
Ghana 4,530

Philippine A 4,730

Philippine B

Product
Standard
{PS 60-73)

.40
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Table 17.--Properties of particleboards made from mixtures of Philippine hardwoods

Treatment Species Resin Modulus of Modulus Internal Linear Total Irrgver51b1e
- L. of .1/ thickness thickness
No. mixture content elasticity bond expansion—
rupture .1/ .2/
swelling— swelling—
Pct M 1b/in.? Lb/in.? Lb/in.? Pct Pct Pct

HAMMERMILLED CHIPS

1 A 5 398 2,700 192 0.37 17.9 12.9

2 A 8 440 3,090 270 .31 13.1 8.7

3 B 5 371 2,210 161 .37 16.1 10.9

4 B 8 402 2,440 267 .30 11.1 7.8

5 C 5 430 2,640 221 .38 16.0 11.6

6 C 8 456 3,110 290 .27 11.8 8.5
RING-FLAKED CHIPS, UNSTEAMED

7 A 5 634 4,080 145 .18 14.8 10.7

8 A 8 670 4,590 180 .15 11.1 7.9
RING-FLAKED CHIPS, STEAMED

9 A 5 614 4,100 146 .19 14.2 10.1

10 A 8 656 4,700 186 .16 11.1 7.1
PLANER SHAVINGS, UNSTEAMED

11 C 5 470 3,090 164 .35 12.6 8.3

12 C 8 533 3,780 235 .33 9.1 5.5

1/ From equilibrium at 50 pct relative humidity to equilibruim at 90 pct relative humidity.
2/ From equilibrium at 50 pct relative humidity to equilibrium at 90 pct relative humidity to
equilibrium at 50 pct relative humidity.
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