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INTRODUCTIO9
 

Man 	first fashioned matted webs from papyrus pith to form paperlike products. 
Since
then, he has searched the plant kingdom for sources of materials on which to record the
events of time. Concurrently, fibrous material 
uses have expanded to serve many of man's
needs, and in 1976 the world consumed 154 million metric tons of paper and paperboard products and produced 122 million metric tons 
of pulp. These statistics are similar to the
 
record amounts reported for 1974 and represent an 1.! increase over those for the 1975 recession year.
 

Historically, nonwood plant materials were 
not only the first but remained the leading fibrous papermaking raw material until wood was successfully demonstrated during the
mid-nineteenth century. Subsequently, the industry has evolved such that 95% of the world's
fiber comes from forests. 
 Certain nonwood species continue to be used to good advantage
to produce a variety of specialty papers. However, nonwood species are mainly used where
desirable trees are scarce. 
 Local fiber deficits are alread,, prevalent in many regions
of the world. And now even traditional fiber sources such as 
Sweden and Finland are imp rting 	wood chips. Keays (1) predicts that by the year 2000, there will be 
a world wood supply
shortfall of 0100
million cubic meters for conventional practices.
 

Perhaps the greatest potential for increasing world fiber supply rests with the development of nonwood fibrous plants. 
 Except for bamboo, much of the fibrous nonwood raw materials in world usage accumulates as 
residue from harvesting and processing of agricultural
crops for their primary food and feed components. Among the more prominent fibrous residues
are 	sugarcane bagasse and cereal 
straws. 
 While the U.S. Department of Agriculture contributed substantialty to the pioneering efforts leading to existing industrial technology for
these materials, almost no 
straw pulp is produced in the United States.
 

STRAW
 

The 	disappearance of straw 
from the U.S. paper industry resulted through 
a combination
 
of 	several factors:
 

1. 	Development of short-stemmed wheat varieties through genetic improvements decreased
 
the amount of available straw.
 

2. 	Acceptance or the combine 
for harvesting cereal grains and the consequent need for
 
separate collection of straws.
 

3. 	Storage and preservation problems.
 

4. 	High lalbor and transportation costs
 

S. 	 hrosi on control practices 

6. 	Competition from wood augmeoted by improved processing technology with a variety

of 	 spvcies. 

Previous Page Blank 



Despite similar trends which seem to be developing in other parts of the world, new
and expanded use of straws is still evident. Egypt's own expanding straw pulp industry
is an excellent example. 

Typical chemical characteristics adapted from NRRC data are summarized for a variety
of straws in Table 1. While significant chemical differences may exist between varieties,
these differences are not reflected by the data and further discussion is beyond thescope
of this review. Straw species may have similar chemical compositions; however, the rela
tive amounts of nonfibrous leaf and chaff cellular components, which are present in vary
ing amounts, significantly influence pulp properties. Prominent differences which require
special attention during processing are the low lignin and high ash contents in rice straw.
 
As is well recognized, the considerable ash and attendant silica necessitate special actention during subsequent processing and recovery. While cleaning and water washing improve

the fiber properties, pulping techniques also influence ash contents of the pulps.
 

Characteristics of wheat and rice straw pulps are summarized in Table 2. At the

Northern Regional Research Center, pressure and mechano-chemical techniques were used to
 
prepare straw pulps, and a twin-vortex pulper was evaluted with wheat straw. 
 The mechanochemical process reduced the residual ash content of rice straw pulp to less than 5%,
whereas the kraft pressure technique produced pulps with ash contents exceeding 10%. 
Better bleachability was realized with the pressure technique. The twin-vortex pulper at
 
slightly elevated temperature not only decreased the ash content of wheat straw but also
 
provided easy-to-bleach pulps with improved burst and tear resistance (2).
 

While rice and wheat straw pulps have been bleached commercially by single-stage

hypochiorite (f) or two-stage ll-H, the more common technique is the three-stage chlorinealkali extraction-hypochlorite (CEll) 
sequence to achieve brightness of 75-80%. Somewhat 
brighter pulps are reported possible by employing a fourth stage of peroxide (P), chlorine 
dioxide (D), or H. Si. iilar results have been reported for ryegrass straw pulps (3).
 

SUGARCANE BAGASSE
 

Bagasse is the major fibrous agricultural residue enjoying world acceptance in paper

and boird products. United States mills produce more than 200,000 metric tons of bagasse

pulp annually for paper and board products. Storage is usually a necessary phase of bagasse

utilization, and fiber preservation has been demonstrated with several techniques. 
 Initial
 
attempts to use bagasse were thwarted by the presence of pith. 
 Consequently, successful
 
utillzation-of bagasse depends upon effective depithing. 
 Basically, three procedures have
 
been used to remove most of the nearly 30% pith from bagasse:
 

1. Dry depithing at IS to 20% moisture. 

2, Moist depithing at about 50% moisture. 

3., Wet depithing at about 90 to 95% moisture,
 

Chemical composition of bagasse and the senarate 
fiber and pith from widely scattered

geographic locations arc summarized in rable 3 (4). 
 While the pith fraction has little

stnctural substance, the contents of chemical constituents in the three materials are.......

rather similar. The fiber fractions, of course, have greater cellulose contents and less
ash and extractables. Advantages of these compositional changes are further evidenced when
comparing pulps prepared from whole hagasse and the fiber fraction (5) (see Table 4). 

Delignlflcation t" the depithed fiber was more complete and, consequently, less bleach-
Ing chemical was consumed to ,chieve 70% brightness, urthermore, the fiber provides afreer draning pulp with greater .strengths. While these pulps were prepared bybatch pro
cesses, nonwoods are uniquely suitable for pulping by rapid continuous systems. Any one 
of Seuv-ral continuous pUlping systems should be adaptable. 

flagass pulps are bleached In commerclal facilities by single stage and multiple stages 
- ,I::q : : : ., ! , : , :.; .: r .: : ' : ! ' : .: " ": :: i : : ' : ": '' '' " : " ' ' : ; " : " :;! ': ': "' " : " : ' ' :: r:! :.; " 
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as described for straw pulps. However, bagasse pulps are generally easier to bleach;
 
therefore, higher levels of brightness can be attained. Peroxide as a final stage report
edly retards pulp reversion during aging (6).
 

NONRESIDUE FIBROUS PLANTS
 

The U.S. Department of Agriculture discontinued its program to evaluate agricultural

residues as sources of fibrous raw materials during the late 1950's. At thit time, the
 
Agricultural Research Service instituted a program to identify potential annually renewable
 
fibrous plants which could be cultivated specifically for papermaking. Following a multi
disciplined approach, 506 species were evaluated. Initially, botanists and agronomists

collected, identified, and evaluated species, generally from the wild, for their agronomic

potential. Subsequently, chemists and engineers determined chemical composition, fiber
 
characteristics, and general appearance and physica. characteristics. The more promising

species are of the Malvaceae (mallow), Gramineae (grass), and leguminosae (legume) families.
 
Noteworthy individual species were also identified in the Linaceae, Moraceae, and Typhaceae
 
families (7-9). Based on preliminary appraisals, 92 species were examined by laboratory
scale pulping (10,11).
 

Selected data characterizing certain of these promising species are summarized in
 
Tables 5 and 6. The point values were defined such that a minimum score of 5 was the favor
able (7). Since plant scientists were assessing species potential for production in the
 
United States, the score tor agronomic potential might be changed for consideration in
 
nontemperate regions of the world. 
 While these species have favorable characteristics
 
which should equate to good papermaking properties, some species (e.g., Ricinus communis
 
with its allergen) may have undiscovered special problems. Many of these species may
 
serve a dual role to provide food or feed and fiber for papermaking. While several of
 
these genera, including Hibiscus, Crotalaria, and sorghum received further attention, we
 
concentrated on one most promising species. Based on chemical and pulping characteristics
 
and on cultural aspects, Hibiscus cannabinus (kenaf) was selected for detailed develop
mental studies.
 

KENAE._ULP INC 

Kenaf has been processed by the three principal industrial chemical pulping techniques:
 
neutral sulfite, kraft, and soda (12-15). Characteristics of pulps produced at 15, 18, and
 
21% applied pulping chemicals are summarized inTable 7. The neutral sulfite technique con
sumed the least chemical and gave the greatest yields. Pulps from the other prncesses were
 
equivalent. The maximum applied chemical produced the more readily bleached pulp by a CEH
 
scheme. Low sulfidity in kraft cooking contributes to low bleach consumption and high

bulk, while high alkalinity and low sulfidity favor increased strength characteristics,
 
except for the tear factor.
 

Data for kraft and soda pulpir, show that, in contrast to the long-recognized superi-
ority of kraft wood pulps over wood soda -alps, strength characteristics of kenaf soda 
pulps were equal to those of their respective raft pulps (14). When applied to kenaf, 
both techniques yield comparably. However, kenaf soda pulps drain slightly better than 
those of kenaf kraft pulps. 

Typical data are summarized in Table 8. Strength characteristics of kenaf pulps are
 
superior at the same freeness level of those of commercial hardwood pulps and, except for
 
resistance to tear, are romparable to softwood piip. 

The preceding kenaf r, jiping trials were with tumbling or rotary digests equipped w:ith 
indirect steam heat. However, continuous digesters with short cycle cooking have been 
demor3trated with a two-tube Paidia Chemipulper (16) and a three-tube Bauer M&D pulper, 
using respectively kraft and soda chemicals (17). 
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KENAF PULP BLEACHING
 

Bleaching during most of our early investigations involved CEH or starting with a first
 
stage chlorine-chlorine dioxide (Cd), a CdEHD procedure selected rather arbitrarily, for
 
comparison purposes, dithout regard to optimal conditions (12, 16). The objectives of the
 
bleaching tests were to deternine chemical consumption and pulp yield at 75% brightness.
 
The four-stage sequence provided bleached pulps at nearly 90% brightness, and an H treat
ment has brightened kenaf soda pulp to 80% (17). Recently, kenaf whole stem, bark, and
 
core soda pulps cooked to 20 kappa number were treated with various combinations of Cd as
 
a first stage (18). With regard to pulp viscosity, the CdE sequence offers some advantages
 
over CF. However, more study is needed to optimize the bleaching sequence, and research
 
is continuing with other bleaching stages.
 

KENAF PILPS IN WEB FORMATION
 

On several occasions, it has been observed that kenaf and wood pulps interact syner
gistically (19). Subsequently, it was found that pulps prepared from the separated bark
 
and core fractions recombine to give webs with anomalous strength properties exceeding
 
those expected (15). To better understand these characteristics, we examined the mechanical
 
behavior of bark, core, and whole kenaf pulps during web formation on a fourdrinier labora
tory papermachine and compared tneir relative responses to those of a commercial softwood
 
pulp (20). For examination with the scanning electron microscope (SEM), samples were re
moved from various sections of the web-forming system: (1) at the head box, (2) on the
 
wire, (3) after the couch roll, (4) after the press, (5) after the fourth dryer can,
 
(6) after the final (tenth) dryer, and (7) after the calender stack. To preserve their
 
original confipuraition, samples were dried by the critical-point drying technique. Bark
 
pulp responds to beating much the same as does a southern pine kraft pulp. Core pulp be
comes more flexible during beating and on drying during web formation collapses into a
 
tightly compacted sheet.
 

The wei, prepared from bark pulp had very open structures from the headbox through 
the press, and it was only partially compressed in the dryer. Even after the fourth 
dryer, fibrils remained projecting from the fibers. 

Webs from core pulps remained open structured through the press but coalesced while
 
drying to give tightly compacted, completely collapsed sheets. Calendering produced no
 
visible effects at 500X.
 

The whole kenaf pulp formed an open web during early formation stages but then began
 
to show the effects of the two components. Bark pulp fibrils in the whole kenaf pulp
 
were less visible following the press than they were when formed separately. After
 
drying, the structure was quite closed but not as tightly as that of the web from all core
 
pu Ip.
 

'i! southern pine pulp,webs were open through the press section but formed a relative
ly closed stncture after partial drying. Fibrils remained uncollapsed through the press 
,sectionbut were much less prominent in the sample taken in the dryer section. After 
drying, all fibrils had compressed into the fibers and into the interfiber spaces. This 
restearch is continuing with efforts to further elaborate the papermaking system. Kenaf 
is a most interesting raw material which offer,. considerable opportunity to study the 
papermikirg system, and in some areas of t)e world, including the United States, it is 
ready for exploitat ion. 
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Tab le 1 

Proximate Chemical Composition of Straws 

Component, % Wheat Oats Rye Barley Rice 

Cellulose 

Crude 48 48 52 47 47 

Alpha 33 34 36 34 32 

Pentosan 29 28 29 25 24 

lignin 18 18 19 15 13 

Ash 8 8 6 6 18 

Solubles 

Alcohol-benzene 4 3 4 5 5 

[lot water 14 16 12 16 14 

1% NaOll 44 46 41 47 50 

Table 2 

Wheat and Rice Scraw Pulps 

Wheat Straw Rice Straw 

Pulper Pulper 

Characteristics Rotary Twin-vortex Vortex Rotary Vortex 

Temperiture, 0C. 170 118 95 170 98 

Time, hr. 2 0.5 0.5 2 1 

Chemical, % 12a 12b 12a 14 
b 14b 

Bleach consumed as C12 6.6 7.9 13.7 1.8 6.8 

Screened yield, % 47 53 61 41 37 

Ash, % 4.9 2.5 1.9 12.7 4.3 

Burst, g./cm.2/g./m. 2 51 58 51 48 55 

Tensile, m. 9100 8900 9100 7600 8300 

Tear, g./g./m. 27 42 27 37 27 

a Kraft. 

Soda. 
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Proximate Percent Chemical Composition oi Bagasse
 
Cellulose 

Extractives 

Material Crude Alpha Pentosan Lignin Ash 

Hot 

water 

Alcohol-

benzene 

1% 

NaOH 

Whole 

Minimum 50 30 28 18 2 3 3 27 

Maximum 57 35 32 22 5 11 11 40 

Fiber 

Minimum 56 37 31 19 1 1 2 27 

Maximum 63 41 32 22 2 4 4 31 

Pith 

Minimum 52 31 31 18 3 2 2 30 
Maximum 55 35 33 22 6 5 3 36 

Table 4 

Characteristics of Bagasse Kraft Pulps 

Source 
and 

Component Yield 
Screened Pulp, 
Ash Lignin Pentosan 

Bleaching, 70 
Consumed Yield 

% 
Freeness 
.SR ml 

Strength at 500 ml 
Breaking 

Burst Length, Tear 
gm/cm 2/gm2 m 

Florida 

Wvlole 42 2 6 32 27 34 750 54 9470 43 

Fiber 56 1 3 32 9 51 810 57 8800 45 

1lawa i i 

Whole 48 3 5 26 19 38 810 40 5870 44 

Fiber 52 2 3 32 3 49 850 48 7950 51 

Louis iana 

Whole 52 2 4 32 9 49 800 44 7900 35 

Fiber 60 2 3 33 5 57 820 52 8990 37 
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Table S 

Characteristics of Annual Plant Sources for Papermaking
 

Family and 

plant species 


Gramineae
 

Guadua ainplexifolia 


Gynerium sagittatum 


Lygeum spartum 


Phyllostachys bambusoides 


Sinarundinaria murielae 


Sorghum almum 


Sorghum bicolor 


Stipa tenacissima 


Asclepiadaceae
 

Asclepias syri.aca 


Asclepias i,carnata 


Euphorbi aceae
 

Ricinus communis 


Legumi nosae
 

Crotalaria juncea 


Crotalaria intermedia 


Crotalaria mucronata 


Sesbania exaltata 


Sesbania sonorae 


SesbanL'a vesicaria 


,A-Ivaceae
 

Abutilon americanum 


Abutilon theophrosti 


Althea rosea 


Hibiscus cannabinus 


Ilibiscu , sabdariffa 

Moraceac
 

Point 

vaiuea 


9 


5 


8 


5 


5 


6 


8 


6 


8 


8 


6 


5 


7 


6 


7 


6 


7 


8 


9 


7 


5 


6 

Soluble Cellulose 

1% NaOH Crude Alpha 


Monocotyl edoneae
 

30 61 43 

30 58 38 

42 49 34 

26 56 36 

29 61 36 

41 55 36 

44 52 32 

33 60 48 

Dicoty ledoneae
 

42 43 29 


39 44 30 


33 50 34 


30 55 38 


32 55 38 


30 55 38 


29 51 34 


28 54 36 


27 50 33 


32 46 29 


44 43 28 


37 48 30 


31 54 35 


38 49 32 


Density, 
g/cc 

Fiber length, 
MM 

Bast Woody 

0.6 

0.48 

0.60 

0.88 

0.73 

0.28 

0.25 

0.84 

1.4 

1.04 

1.54 

1.45 

1.13 

1.46 

0.93 

1.08 

-

--

--

-

-= 

--

-

-

0.50 

0.41 

2-20 

4-18 

0.45 

0.31 

0.33 5-13 0.72 

0.32 

0.46 

0.39 

0.32 

0.33 

0.44 

3.80 

2.27 

3.02 

1.94 

2.35 

1.73 

0.60 

0.59 

0.62 

0.52 

0.55 

0.60 

0.94 

0.32 

0.32 

0.26 

0.28 

1.18 

1.30 

1.93 

2.60 

2.27 

0.57 

0.57 

0.71 

0.60 

0.68 

Cannabi sativa 6 30 56 38 0.33 2.4-20 0.57
 

(Continued)
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Table S-Continued
 

Family and Fiber length,
Ponlta Soluble_ Cellulose Density, 
 mm
plant species value 
 1% NaOH Crude Alpha g/cc Bast Woody
 

Polygonaceae
 

Rumex crispus 
 9 44 31
47 0.53 
 1.09
 
Thymelaeaccae
 

Gnidia oppositifolia 7 52
30 35 
 0.55 3.27 0.42
 
(Irtica.eae
 

Boehmeria nivea 
 6 33 
 54 38 0.21 5-36 0.55
 

a inimum score of 5 is most favorable (7). 

Table 6
 

Characteristics of Kraft Pul 

Strength at 600 mi. SO
 
Kraft Screened pulp 
 6rea
Ring 

Material chemical Yield Freeness 
 KMnO4 Burst length Tear
% % ml, SR number g/cm 2/gm2 
 m g/gm2
 

Monocotyledoneae
 

Gramineae
 
Guadua amplexifolia 
 15 49 895 
 30.1 53 ---- 118 (690) 
Gynerium sagittatum 15 50 875 35.9 86 
 ---- 129 (685) 
Lygeum spartum 15 48 840 14.4 59 8700 123
 
Phyllostachys bambusoides 
 15 50 900 48.5 
 92 .... 114 (700)
 
Sinarundinaria murielae 
 15 43 905 32.1 46 
 ---- 68 (650) 
Sorghum almum 15 50 
 795 26.8 47 8000 65
 
Sorghum bicolor 
 15 49 800 50 
 45 7700 50
 
Stipa tenacissima 
 15 44 890 10.5 51 7230 120
 

D[cotyledoneac
 
Asclepiadaceae
 

Asclepias syriaca 
 15 47 570 51.5 
 18 ---- 62 (465)
Asclepias incarnata 15 57 675 62.1 22 ---- 78 (540) 

l'uphorbi aiL-a 

Ricinus communis 15 52 725 67.4 37 ---- 54 (560) 
L.egumi nosae 
Crotalaria juncea 21 52 810 14.2 49 9150 86 
Crotalaria intermedia Is 53 785 55.9 30 ---- 64 (630) 
Crotalaria mucronata 15 58 840 44.1 46 ---- 49 (670) 
Sesbania exaltata 21 54 815 18.2 59 9500 56 

(Continued)
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Table 6-Cortinued
 
(Dicotyledoneae)
 

Strngth at 600 ml, SRa 
Kraft Screened pulp Breaking 

Material chemical Yield Freeness
% % ml, SR 

KMnO
number 

Bust 2
g/cm /gm 

length
m 

Tear 2g/gm 

Sesbania sonorae 15 59 820 60.3 37 ---- 49 (625) 

Sesbania vesicaria 15 55 810 62.4 34 ---- 43 (660) 

Malvaceae
 

Abutilon theophrosti 15 57 760 60.8 42 56
 

Althea rosea 25 41 680 30 36 7200 54
 

Hibiscus cannabinus 21 46 795 25.0 67 11,100 96
 

Hibiscus sabdariffa 15 53 770 64.3 48 59
 

Moraceae 

Cannabis sativa 21 50 675 16.6 59 11,100 95
 

a Parenthetic values are SR freeness values at which strengths were determined and are
 
exceptions to the 600 ml.
 

Table 7
 

Characteristics of Kenaf Pulpsa at Three Levels of
 
Neutral Sulfite, Kraft,_and Soda Chemicals
 

Characteristic
 

Strength at 600 ml, SR
 

Initial Burst Breaking Tear
 
Screened Chemical freeness, factor, length, factor,
 

Chemical, % Yield, % consumed, % ml, SR gcm 2 /gsm m g/gsm
 

Neutral sulfite
 

1. 57 77 700 42 7700 74
 

18 58 72 735 50 8300 80
 

21 59 73 735 47 8350 77
 

Kraft
 

15 51 94 720 46 7500 70
 

18 48 90 740 58 9500 74
 

21 45 85 730 60 9800 85
 

Soda
 

15 52 95 710 41 7400 73
 

18 46 92 750 54 900(1 81
 

21 45 85 735 56 8700 93
 

Two hour; at 1700 C.
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Table8 
Pulp Characteristics OfjFrosr-


fEild-Dried Georgia Kenaf. Everglades 71
 

Characteristics 


Yield
 

Crude, % 


Minus 8-cut, % 


Cellulose
 

Crude, % 


Alpha, % 


Pentosan, % 


Lignin, % 


Chemical consumed
 
basis applied, % 


Initial freeness
 
SR, ml 


Kappa number 


Bleach consumed
 
as Cl 2 % 

Yield bleached, 


Burst, g/cm /gsm 

e
Tear factor, g/gsm
 
e
Breaking length, m


Soda, AA %a 
 Sulfate, AA %
 

16.3 19.0 
 16 .3b 16.4
 

62 52 
 55 55
 
60 50 
 53 54
 

87 94 
 91 90
 

68 70 71 
 72
 

19 19 20 
 20
 

4.9 1.6 
 2.5 0.9
 

88 78 
 88 85
 

790 765 
 705 740
 
45.4 20.5 27.3 
 24.2
 

10.2 5.8 6.5 
 7.0
 

;3 19 48 48
 

S,4 63 
 50 53
 
102 102 
 93 97
 

9600 10,200 10,300 11,030
 

AA = active alkali.
 

h Sulfidity = 100.
 

c Sulfidity = 34%.
 

d Basis digester charge; 75% brightness; CEll sequence.
 

C At 50(1 ml SR freeness.
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Problems of the Paper Packaging Industry in Egypt
 

Dr. Abdelfattah H. Ghoneim
 
Mills Manager
 

Moharrem Press
 
Alexandria
 

The main factors affecting this industry are the usual factors affecting all other
industries: raw materials, machines, and trained labor. 
 I shall concentrate here on the
problems of raw materials and the chemical treatments demanded in the paper packaging

industry.
 

Sor L _t in Pa er 

The manufacture of corrugated boxes is a very important branch of this industry. 
 Its
first problem is that local 
liner and corrugating medium are not up to specifications.
 

l.ocal 
liner is made of waste paper mixed with some virgin kraft pulp and some un
bleached hagasse or rice straw pulps. 
 Strength properties are very poor, and basis weiht
 
and caliper fluctuate in each reel.
 

l.ocal corrugating medium is made of lime-cooked rice straw mixed with 
some third
grade waste paper. It has a very weak flat 
crush, and other strength properties also are
low. In addition to its heterogeneity in basis weight and caliper, the paper is abrasive
because of the presence of particles of dust and sand originally present in the used waste
 
paper.
 

Problems with paper have to be solved in the paper mills. 
 In our corrugated board industry, we have a problem to be solved: 
 the production of wet-rigid corrugated cases re
quired ft,r the export of agricultural products. 
 These cases ought to withsLand the wetness and numidity of storage in 
wet conditions without collapsing. The corrugating medium

should he impregnated with wax or 
resin which would increase its rigidity (flat crush)
tinder humid conditions. 
 The adhesive also should be mixed with a thermoset resin to make
 
it water resistant.
 

We have tried to use a wet-strength fluting medium specially manufactured in 
a local
paper mill. We also have considered impregnating the fluting medium (in-line) on the 
corru
gator with a wax blend, and we have purchased the equipment for this prupose. Other proposals made to us are curtain-coating the finished board and dipping (or cascading) the
board in hot-melt blends. Howevever, we need help in solving this problem in the most 
suit
able and economic way, as ;t deals with an important matter, the export of agricultural

products. 

Treated Papes 

hii. second product is gummed, coat,d, and chemically treated papers. 

Gummed paper is manufactured hy coating paper with animal glue, gum arabic, or dextrin
 
on special gun-coatinp, rachines. leat-sealing paper is manufactured on the same machinesusing polyvinyledine chloride 15O', emulsion). Our problem here is that the viscosity of
this emulsion is;lower than is riee(jed, and we must add something to raise the viscosity.We have tried adding polyvinyl acetate, but it causes frothing and sedimentation on thecoating cyclinder. Addition of casein glue has ",iven a better result but at a much higher 
cost.
 

In thi,. case also, local 60 gm./m. white paper has been quite unsatisfactory, either 
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in homogeneity of weighL and caliper or in sheet formation and strength properties.
 
We impregnate paper on 
the same gumming machines with an imported chemical (Quilon)
which is 
a chromium complex stearate. The impregnated paper becomes water repellent and
is used to wrap exported goods, especially yarn, that must be protected against humidity.
Our problem here was 
with local paper which sometimes had bad sheet formation and contained
pinholes that spoiled the required effect of waterproofing. We also have impregnated kraft
paper with local phenolformaldeh'de 
resins to make electric-resistant paper. 
 We have used
imported kraft paper with locally produced resins, but the results from tests 
at Alexandria
University are not yet satisfactory.
 

Printin 

We 
intend to coat paper with china-clay for printing purposes. 
We do not have an),
experience in this field, and we need much help in getting proper formulations. A good
part of our packaging paper industry deals with printing. Here also paper is the first
problem. Local paper often 
lacks the following characteristics:
 

@ Smoothness
 

* Flatness
 

a Whitenes;
 

a Hemogeneity -f hasis wvi ght and caliper
 

e [imensional stability
 

* Pick resistance to offset inks
 

The last property is very important in the case of locally coated papers. 
Another problem of printing is the local high-gloss varnish, which sublimates during
printing and condenses on 
all machines and air conditioning ducts. 
 We had to stop using
it and to try to use an all-over lacquer which permits gluing.
 

For printing playing cards 
or any nonabsorbent coated paper, we have to reduce printing machine speed and to put 
a sheet of paper between each two prints. This increases
coqt and labour. It has been suggested that we use LIV
or IR inks with their installations.
We have 
no experience in this field, however, and we would appreciate guidance.
 

We also need a plastic lacquer to coat

give, a waxY coating that allows 

printed playing cards that both waterproofs and easy slipping of the playing cards. What we have now is
a lacquer that fulfills either one of these properties but not both. 
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Cellulose Fine Strticture and Reactivity
 

Kyle Ward, Jr.
 
Professor Emeritus
 

Institute of Paper Chemistry
 
Appleton, Wisconsin
 

To review the status of this subject is really an unnecessary task before this audi
ence, for Dr. Fahmy, Dr. Ilebeish, and the rest of their groups have been so active in this
 
field that I can add little to their contributions. But perhaps there is merit in viewing
 
a familiar scene from a different vantage poiit. I hope so.
 

Let us first consider the meaning of our terms. The chemical structure of cellulose
 
is well-established today; fine structure deals with the arrangement of these molecules.
 

Cellulose occurs in nature as fibers--very long, tough, threadlike bodies. Freed of
 
encrusting materials, fibers can be separated into the component fibrils or microfibrils,
 
which are also long, tough, threadlike bodies on a microscopic or submicroscopic scale. By
 
suitable chemical treatments, the microfibrils can be separated into individual long, tough,
 
threadlike molecules.
 

I speak of "cellulose" as a single entity, an organic compound with individual mole
cules. Only a fet, decades ago, the word was used as roughly synonymous to "crude fiber" or
 
to "pulp," but increased knowledge has made it possible and desirable to differentiate be
tween fiber components. Today, cellulose is well known as an organic polymer with certain
 
chemical and physical characteristics.
 

It is briefly ap-l.,l-glucan, meaning that a long chain of glucose molecules are joined
 
regularly, the first carbon of one glucose unit by a $- linkage to the fourth carbon of the
 
next (Figure 1}.
 

The most reactive par. of the cellulose molecule is the hydroxyl group. It may be con
sidered a small magnet with a positive and negative pole. Two cellulose chains lined up
 
pIrallel to each other behave like two strings of small magnets. The hydrogens of the hy
droxyl groups can form hydrogui, brnds to oxygen atoms in the neighboring chains. Such hydro
gen bonds are weaker than the main covalent bonds along the chain, but there are many of 
them and they contribute considerably to the strength and toughness of the fiber. Most of 
the chains in the cellulose microfibril are so regularly aligned that they give an x-ray 
diffraction diagram like small crystals. The melecules responsible for this crystal lattice 
are locked in place by hydrogen bonds. 

liitarko', representation (1) of hydrogen bonding between alternate chains in this so
cal led "cryctal lIre'" portio, of c-llulose, to which representation Blackwell (2) also agrues, 
the black circles represent oxygen atoms and the dotted lines hydrogen bonds (Figure 2). 
lhe nlecules are stiffened by the intramolecular bonds 0(3)-0(5') and 0(2')-0(6) and are 
held to c0h other by 0(.3)-()(0) bonds. Such a series of similarly spaced molecules forms 
a molecular ,heet. 'he availahle hydrogern- are ;all used up in this structure, so tle sheets 
are held to nvrghhoring ,heets by weaker forces, probably Van der Waals'. This schem e 
fIif f,.r s (,oiridrably from that of l.ang anid Mtarchessault (3), where the sheets are hydrogen
bhonded to (ach other (F: irr: 1) Al,;(), Li;rig and Marchessault propose antiparallel molecules 
ini adjacent ;h(-t,;; that is, molI ules in ore sheet run in the opposite direction to those 
io the next. Sarko's model har, ,;araIllvi beets of molecules. 

flowever th;at may turn out to) be, this repular arrangement of chains is so dense that 
e(:iCwater mol ecules do riot prenetrate, it (4), and it extends essentially throughout the 
microfibril. liesides the cellulosic microfibrils, however, there are other carbohydrates, 
the hemi celuloses, in the fiber; and there is an interpenetrating system, between and to 
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some extent within the fibers of something quite different chemically, that is, lignin. If
 
cellulose is to serve as a chemical raw material, that is, as a dissolving pulp, these other
 
materials must be removed. In fact, most of the lignin has to be removed for most paper
making, if only to facilitate defibering.
 

Methods to Remove Lignin 

The methods of delignification depend on the ultimate use of the fiber and on the raw 
material. The 'cotton fiber is almost pure cellulose, and in making chemical cotton from 
linters in alkaline, pressure cook and a mild bleach removes the slight-wax and pectin content.
 
Wood and straw contain both hemicelluloses and lignin;"straw contains -more hemicelluloses
 
and less lignin. Since lignin is an entirely different type of polymer from cellulose, it
 
can he removed chemically without inuch damage to the cellulose by either the kraft or the
 
sulfite process. Straw can be pulped by a milder 'chlorination process, and other fibers

respond to modifications of these processes. The production of a dissolving pulp requires
 
a subsequent alkaline treatment and, for kraft dissolving pulps, a prehydrolysis stage for
 
hemiceliuloses as well, 
 s.tag f
 

Affinity for Water
 

If we accept the "crystallinity" of cellulose and the imperviousness of the crystallite 
to water, we must expla n the marked affinity of the fiber for.water. ' lighly dried cellu
lose will compete for water with suCh strong dehydrating agents as sulfuric acid. The ad
sorption isotherm of water and cellulose (5).isfamiliar to-most of you (Figiure 4). The
 
simplest way of explaining the adsorption of water is that cellulose does not consist of
 
perfect crystals; there are a number of ways of visualizing the imperfections. The original

proposal [see llermans' review (6)] of alternating ordered and disordered regions (the

fringed micelle theory) has been modified by Ilearle (7) to the fringed fibril theory and by
 
Frey-Wyssling and MUhlethaler (8) to a single defective crystal, Less similar models are
 
, rey-Wyssling's earlier proposal (9)of a crystalline core with a paracrystalline cortex,
 
Ruck's "cable" model (lO),Tonnesen and Ellefsen's folded chain (11), and Manley's helical
 
folded chain (12). Scallan (13) has developed a quantitative model for the fringed micelle,
 
which I should like to discuss.
 

Scallan's calculations are based on the hypothesis that the accessibility of cellulose
 
to acid hydrolysis and to water is different. Figure 5 is a qualitative model of the fringed

micelle structure. In the fringed fibril model the crystallites are more nearly perfect and
 
are interconnected by an occasional molecule crossing over. The defective crystal model
 

* contains only very small disordered regions as defects. If we subject the model 
structure
 
to acid hydrolysis, all of the glycosidic linkages in the disordered region are available
 
but not those in the crystalline region. Water sorption or deuteration, on the other hand,
 
takes place on all the hydroxyls in the noncrystalline phase, but also on those hydroxyls
 
lwhich project from. the surface of the crystallites (Figure 6).
 

Sizes of Molecules and Crystallites
 

Figure.7 Indicates the cross section of a crystallite. 'Although represented here as
 
square, it Is probably rectangular. The Rame principle of calculation will apply to rec
tangles, but the value for acces:sible hydroxyls will be slightly higher. The calculation
 
of' the width of the moleculo can he done on the basis of the relationship: 

f.2n-I 112
 

where f= the percentage of projecting hydroxyls, 44'1 in the figure, ind n = number of mole
cuui,,per side. 'The actuail value of f for a given type of cellulose may be obtained from 
the equat[onl: 

3 rRARD iFIRA
 

where k ,nd RA reprusent the frnction of the whole sample accessibe to deuteration an- to 
- acId, resipectively,. Since we know, the distance between molecules from x-ray data (5.7 Is
 

th ;verage of spacings' 101 'and 10it) we can thus ca lculate the width of the mice!le .
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The length of the crystallit may be estimated from the leveling-off DP. A very brief
 
description of this phenomenon will suffice here. When cellulose reacts with dilute acid,
 
the DP drops rapidly at first, then much more slowly. Under some conditions, it stays al
most constant. The most common interpretation of this is that the rapid reaction is chain
 
scission in the regions of low order and that the leveling-off DP corresponds to the crystal
lite length.
 

Figure 8 is a scale drawing of some common types of cellulose micelles, and Figure 9
 
presents the parameters for these types. These slides illuminate an important point. The
 
crystallite width of native cellulose is about the same as that of the elementary micro
fibril as seen under the electron microscope. In other words, the microfibril is essentially
 
one long chain of crystallites; this is the real unit of cellulose. The portion joining
 
the crystallites endwise, which is accessible to almost all reagents, is the very small dis
ordered region (Figure 9). This is so small relatively that the defective crystal and the
 
fringed micelle the ry are practically equivalent.
 

Lffects of Liquids 

Water, as we have seen, is adsorbed on cellulose but does not penetrate the microfibril. 
Other liquids behave differently, and this has an important bearing on swelling, solubility 
and reactivity. 

When hone-dry cotton (essentially pure cellulose) is immersed in water, the fiber
 
width is increased about 20 (14) The x-ray diagram is not changed. This is called inter
crystalline or interfibrillar swelling. The water is adsorbed by H-bonding with accessible
 
hydroxyls, mostly on the fibrillar surface. This water separates the fibrils and increases
 
the fiber width. Many liquids, such as the aliphatic alcohols, exhibit a lower intercrystal
line swelling han water, c.nd some nonpolar liquids, such as benzene, are essentially non
swelling.
 

lntracrystalline or intrafibrillar swelling is more striking. The liquid penetrates 
into the microfibril itself, and the increase in fiber width is much greater and may even
 
result in solution. Let's first look at some intrafibrillar swelling that does not cause
 
solution. Some nonaqueous liquids that are more polar than water swell cellulose more than 
iater does, such as dimethyl sulfoxide; so do some amines. The case of ammonia and the 
amines has had special attention by the x-ray scientists, who have found that new amine
cellulose complexes have produced a new internal arrangement in the crystallite, but the 

I ,i most studied has aqueous hydroxide.riagent been sodium The literature review by 
Warwicker, et al., is excellent (15). About 1850, Mercer showed the effect of strong 
(15-20%j caustic on cotton and used it commercially to produce mercerized cotton (16). 
arwicker js one of many who have measured this swelling (Figure 10). Several points are 
worth noting. Swelling i5;greater at lower temperatures. As far as alkali concentration 
is concerned, there is;a maximum at room temperature at about 16% NaOH, There is still, 
after ;ill these years, some argument about the interpretation of all the phenomena. The 
hydreqgen honds between the sheets of molecilar chains on the 002 crystallographic planes 
are broken, and the free hydroxyl groups either react with the alkali to form an alcoholate, 
,., lhenoie le (17) proposes, or with the h\drate water of the sodium ion, according to 
hI1 .d]n (18). At all ,vents, the hydrated sodium ions enter the structure, and the very 

large. hydrated ion,.uitsh the crystal laminae apart to produce the observed change in dimen-
IOns;. Iir,evr, the lami nae are not s,parated into individual molecules, as would be neces

'.;Ir/ to prriduce -oltit lon 

r,,are ii-., .which go further and result in solution, which may be con

,Jdered a- infinit "'^, Il ing. Iefore we take these up, though, a simplislic comparison of 
,olit1orl proce,'"- for smI]l and for macromolecules be helpful.anodle, may 

f igiir,' II ,how,, the .tep,, invol ved in swelling and dissolving a polymer such as cellu
Io;e. [hr ar,. ,:,,erntialII th,,ee involved in dissolving a small molecule such as sugar. 
Vr.,t, reach Then theF, the ',olverjt must the s-olute. (diffisin'u any bonds holding solute 
moleculIfs together, e.g, hy'Iror;e bonds, mist he broken by some component of the .olvent. 
then th, solI t e molecie-; rmu', hes;olvated. In the case of cel lulo,;e, the free hydroxyls 
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are solvated, not necessarily all by the same component of the solvent. Since the number
 
of bonds per molecule of sugar is three or four orders of magnitude less than with cellulose,

the rates are different. 
 Also, the hydrogen bonds in cellulose are not equivalent as to
 
ease of scission. Moreover, tl-bond breaking and forming are equilibrium reactions, and the
 
molecules must be separated to prevent recombination. This is one thing solvation does.
 
For some solvents, the stages shown in parentheses may occur with cellulose (not usual with
 
sugar). 
 Completely solvated molecules are readily separated; this is solution. But in a
 
chain of 1,000 or more units, some may be solvated'with enough mobility to permit the en
trance of more solvent (swelling), and yet the presence of some unsolvated or unbroken bonds
 
holds parts cf the chain to other chains. This results in a swollen gel, which might be
 
called "partial solution." It does not occur with small molecules, but swelling is 
a
 
characteristic stage in polymer solution and is the final stage of interaction in 
some cases.
 

Such limited swelling occurs with mercerizing liquors, with ammonia or the aliphatic

amines, and with true solvent mixtures at concentrations outside the range in which cellu
lose is dissolved. The interaction of cellulose with sodium hydroxide stops at 
the stage

of the swollen gel. But there are organic hydroxides of comparable basicity to sodium hy
droxide with extremely large cations, such as trimethylbenzyl ammonium hydroxide, which
 
actually dissolve cellulose. It is believed that these form bulky complexes with cellulose
 
which prevent reaggregation of cellulose molecules and form a true solution.
 

The molecular species in cellulose solutions are rarely unchanged cellulose. They may

be ionized forms or protonated forms or complexes of one sort 
or another. Alternatively,

it may he a chemical derivative of cellulose that dissolves, either an unstable one such as
 
cellulose xanthate or a stable one such as cellulose acetate. Even omitting the stable
 
derivatives, there are still 
a good many solvents for cellulose. Figure 12 tabulates
 
aqueous solvents. Figure 13 tabulates some nonaqueous solvents.
 

(eI I ul ose React ions 

Much that has been said of solution applies equally to reaction; they are similar in
teract ions. In fact, we 
have already noted that the molecular species dissolved in a cellu
lose solution is frequently a cel lulose derivative or a complex, albeit commonly an unstable
 
One. 

Reactions mac be conveniently divided into homogeneous reactiops (in which there is a

sJFirilg phase, trca lly a solution for both the cellulose and the reagent) and heterogeneous

react ions (usually With the cellulose in a solid phase and the reagent in either a gaseous
 
or a liquid phase). Homogeneous reaction is similar to other solution reactions. 
The attack
 
on the cellulose is random; any molecule or any hydroxyl along the molecule is equally avail
ahle. Heterogeneous reaction is different; the cellulose still retains the fiber form or,

at least, some form of structure. The stages we discussed in connection with sweiling have
 
,:orrcspondig stages here; reaction may be initiated at any stage of the swelling process.

If t u nform and fairly complete reaction is desired, homogeneous reaction is preferable;
if this i-,irioossihle, a highly swollen state car be used with a "welling liquid that does 
not int-rfere with the penetration and reaction of the reagent. If only a partial reaction
 
I ; de;i ri.d, a; is oft en the case, swel Iirig may or may not 
 be advi sahl e. These considerations 
wit I h( important In many of the idi vidual cases which we shall be di scussing shortly. 

(,,nce the course of tlie react ion is so great ly influenced by react ion conditions, let
I'; ( 01;i,.her ;ep;irately thre, types of react ion media: aqueous, alkali-swollen, and non
:iipie(tji. "Ther- are important indust rial processe:; of each type, and I shall not attempt to 
dj;ciss them all - - Iife i too short -- hut I shall cover some of the more important ones. 

(flle ',fthl,..
rw,?t imjerlt ;iit ra(.tio'. of (el lulose that ,.,s place iniaqueols solut ions is 
cross - I i r irig.; It do',; riot rt.; I Iy helong ii a di sci ,;ion of ,sso 1vi ng piiIps, but rat her 
with our n'ohhior In,, dI ciur;w on on ((it tri. I hope I'Il he pardoned if I draw on work done 
a ' fofrmt,ol j at thimy r ,eagu.. '.o hf.ni Reg iona I laboratories in New Orleans. 

(rot ton (rr rayonJ (; he ,'rhs Ii riked by a number of compouinds , i n fact , by almost any
'orn-)qipnd or mi xt ure whi i h can de(velop two sites in the same st ructure , whi ch are react i ve 
to the hydroxy/I group. hap, simplest sIcl, compoundP',.r the is frma Idehyle , which reacts in 
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aqueous solution as if it were dihydroxymethane. Indeed, there is evidence that this species
 
ieay For my purposestoday, formaldehyde is the only crossexist in formaldehyde solutions. 

linking agent which I shall discuss, for an excellent piece of work 'done almost20years
 
ago by Reeves, Perkins, and Chance (19 on this subject very clearly bringsiat the import
ance of fine structure on the cross-linkirgof cellulose. Figure 14 points out the pro
cesses which occur in cross-linking unswollen cotton and waterswollen cotton -Actually in
 

the-ex-Te cr-f Ii-n s.carriedoutwith,"Tformald e-h-yde and a c t ic a c id ints'he k,-hg-*wa 
various concentrationsranging from anhydrous acetic acid (not .quitenonswelling but much
 
more so than water) to pure water. Fibers cross-linked in theswollen stateihave poor dry

wrinkle recovery, low'wet''density, and unrestricted swelling in'contrast to' those cross
linked in'the nonswol len 'state. 'Reeve's explanation of. this can be 'followed o'n the slide..
 
In nature cellulose molecules e-bonds. the samearguare held togetherby h '(Incidentally , 

ment applies also' to micofibri or to diurnal layers in cotton.) 'In conditionedcotton,
 
some of these bonds are broken; in wet cotton, more of them, openingup the, internal struc
tur. 'Cross-linking of any given length can span much more of the dry than the wet fiber
 
as shown at the bottom. 'Infact, cross-linking of the wet fiber has essentially only re- '
 

placed 1-bonds by. chemical cross-links, as' can be seen by comparing' the original 'dry cotton
 
with that cross-linked in the swollen state.
 

This difference in reaction caused by changes in the fine structure occurs in many 
other reactions, but it is so clearly indicated by Reeves's explanation that I have dis
cussed cross-linking first. 

' Reactions Related to Pulp and Paper 
For many reactions, most therifications and the xanthation reaction, pulp is first 

swollen, most commonly with caustic soda. In this case, small 'differences' in fine structure 
are eliminated by the swelling action of the alkali. Still, we can find something of in
terest here as *Take methylcellulose,mnt, for instance. Ordinary manuwell. n 
factured by. the action of mothyl chloride on alkali cellulose, has the solubilities shown 
in Figure 15, llowever, Trauibe and his coworkers .(20, 21, 22) methylated the addition com
pound, sodium cupricellulose, and found the resulting methylcellulose water soluble at DS 
as low a's0.8. This was'attributed to more uniform distribution of substitution. This re-
Sult, corroborated by Timell (23), indicates'that'the mnolecules are more readily available. 
This evidence was carried a step further by Bock (24), who methylated s'olutions rf cellulose 
in aqueous trimethylbenzylammoniumn hydroxide and similar bases.' In this case, water-soluble 
ethers were produced at DS 0.6 or 0.7. 

Cellulose xanthate is a more interesting case tha'n methylcellulose, though the fine 
Structure of the original pulp is of less interest. Fahmy and Roffael (25) have' shown that 
of' the various differences between pulps, only. the retention values for water and for alkali 
correlate with differences in'filterability. 

On the other haind, the fine' structure of the rayon itself is very important. Many of 
the various, types of viscose rayon differ in the fine structure of the fiber. The basic 
principles of processing and structure were wellI expressed almost 20 years'ago by'Sisson (26) 
and most 'of his ideas are valid today. 

If the ccilllose xanthate solution is passed into a simple bath of. sulfuric acid and 
-sodiumtr, ammnonium, or magnesium sulfat, two main processes occur: coagul'ation (salting-out). 
by the salt and] regeneration of. cel lulose by the acid. 'If stretching is introduced between 
these two steps, high orluntiaon and lajrge, highly ordered crystalline areas result. If, 
howcver,.rogeneration i s retn rded i nsome way unt il,the coagul UMnis less swolleon, the crys
tall itus formed are sna I I er and~less perfect . This latter is the so-called skin structure 
ais distinguished from the other, core structure.. Since 'the less' ordered,' accessible 
regions of the skin have'a di fferent' affinity for dyes and, of course, other large mole
cules (resins, for instance) they are easily distinguished microscopically.
 

is by the addition to the' xanthate solution of certain organic compounds which serve as 
h s
 

O e o 

o .
retardants (amines, polyoxyalkylene' derivatives, quaternary bases).' 

n 
The other' method ist 
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to an outer layer of zinc xanthate on the filament surface. This material is tough and can

be stretched more than a regenerated structure, giving higher orientation, while zinc cross
links probably promote nucleation, but hinder growth, which accounts for the many small
 
crystal 1ites.
 

Types of Rayons
 

Most 
rayon producers make a number of types of rayon, and there are many companies.

Ihirteen companies manufactured 96 types in the United States in 1969, and one company alone

produced 23 (27). Many of these differ considerably from each other in their properties,

hut not alway.; because of differences in fine structure. 
There are also many types contain
ing additives, fibers containing flame retardants or other additives, or grafted fibers to
attain various effects (28). The complete story of grafting, however, is too long and in
volved to cover here.
 

Many rayon types differ predominantly in fine structure, however. There are, for in
stance, those crimped rayons (26) which consist of two components, skin and core, in an

unbalanced structure such that the differences in swelling and shrinkage of the two compon
ents produces the crimp.
 

Probably the most 
important special types of rayon with different fine structure are
the high tenacity yarns originally developed for tire cord (29). 
 Here the crystallites are

smaller and more numerous than in regular rayon (30) 
and the so-called "all-skin" fibers,

6hen fully processed, have a uniform, dense structure and a circular or 
kidney-shaped cross

section. 
The fibers are spun from a dilute viscose solution of high DP into a bath high in

zinc and relatively low in acid at 
low speed at a temperature of 500-600 C.
 

Other types of rayon to be mentioned are the high wet-modulus rayons which, like cotton

fibers, resist deformation in the wet 
state (30). The HWM rayon processes reduce or elimi
nate aging, so that the cellulose, both at 
the start and in the finished fiber, has a much
higher l1. 
 The resultant fibers have higher density, crystallinity, and orientation, with

both longer and thicker crystallites than regular rayon. 
 These highly oriented fibers have
 
a distinct fibrillar structure.
 

There are two types of IIWM rayons, the "polynosics" and the modified HWM types. 
 The

latter 
uses organic modifiers in the viscose, as already discussed. The polynosics are spun

from low-alkali viscose into dilute acid-sodium salt baths at low temperature under condi
tions favoring high crystallinity and orientation. The polynosics have even higher wet
 
modulus than the modified types.
 

A third type of fiber with high wet-modulus uses a different type of organic modifier,

formaldehyde (31). The action of formaldehyde is different from that of the other modifiers,

however. 
 Whether it is added to the viscose or to the spinning bath, it reacts with cellu
lose x nthate to form the S-hydroxymethyl derivative. 
 Further reaction evidently occurs

also, as there is some cross-linking by methylene groups in the finished fiber. 
This type

of' rayon is no longer commercially available in the U.S.A.
 

(.el I ilose terivat ives 

Finally, let us look at derivatives formed in nonaqueous systems. The most important
of these is cellulose acetate. This has been an important commercial product silice the

early 19,0's, and we know mor," about Its manufacture than about that of most other cellulose

products. [he fine structur, of the pulp is of great importance; at least, Cae aspect of

it i-i. 

r.eIIiiI o i. acert (.may b. pre.p;,red 'ither from cotton linters ptlps or from dissolving
j,1jp,,;,. wood. In r.rhthr ca', , it is necess;ary to have rapid and complete reij',,lly from 


'i(:t Whether di';-;olvirig puil,; ar,. made
I,'t /. by the sulfite process or by the prehydrolyzed
,draft profev., a final alk.l in. e.xtractif)n IF, necessary to remove all the hemicellujoses.
Jo rcjh the. reqi'it e high alpha (ont ent , 95-961,,, the 3-4% caustic used for viscose pulps*
i, irliJ;llLi riot ;at',fJctor/ ltic.ra%(v d concent rat ions remove the hemicel luloses but lowerthe /jid I degradation. [he yield (an be kept high by the use of mercerizing strength
cajstir (17.',A) at low.r tebpurture.,, bt the swollen ;ulp hornifies on drying and becomes 
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unreactive because of the hydrogen bonding. 
 Using 8% caustic at 300 C. is satisfactory if
 
done in the absence of air. However, one must be careful not to over-dry, for this, too,
 
may reduce reactivity because of hornification, i.e., hydrogen bonding, which reduces reac
tivity (32). Even cotton linters, which has much milder purification procedures, is gener
ally dried at 60o-80' C. if it is to be used for acetylation, so as not to impair reactivity,

for even less swollen pulp than alkali-cooked pulp may undergo some hornification (33).
 

To ensure uniform reactivity, pulps are activated before acetylation by steeping in
 
acetic acid. The concentration, time, and temperature conditions and the addition of acid
 
catalyst or not will depend on the pulp and the process.
 

But before discussing the usual commercial acetylation, let us say a very little on
 
the acetylation of pulps for paper. Bletzinger (34) and Aiken (35) showed at very low de
grees of such fibrous acetylation (up to about 0.3) there is actually an increase in mois
ture content and in papermaking properties. This was later corroborated by Herdle and Griggs

(36). All these investigators found that at higher DS moisture content begins to drop off.
 
Above DS of about 1.0 paper is too low in strength to be of value. These data are explained
)),an initial loosening of structure overbalancing the blocking of the hydroxyls, while in 
the later stages the hydrophobic nature of the acetate groups is the controlling factor. 
IVahmy (37) advanced our knowledge of this considerably when he showed partial deacetylation

of such pulps in the higher ranges down to a final DS of about 1.0 gave higher strengths
 
than pulps acetylated directly to these values. This was attributed, I believe correctly,
 
to a more uniform substitution so attained. 
 At very low DS this effect was not observable.
 

The usual solution process of preparing cellulose acetate is so well known that we can 
omit any lengthy discussion of this, but the role played by fine structure can be beautifully
illustrated by looking briefly at cellulose triacetate. As you know, it can be prepared by
thti solution process if, instead of hydrolyzing the "dope," we add magnesia to neutralize 
the acid and continue acetylation. But it can also be prepared by acetylation in the pres
ence of a nonsolvent. The two products differ, however. Cellulose triacetate (DS 2.9) pre
pared homogeneously by the solution process is soluble in chlorinated hydrocarbons and some
 
:icid solvents (acetic acid, cresol and some others). At DS 3.0, completely acetylated, it
 
is soluble only in acid solvents (38). Heterogeneously fibers (fully acetylated cotton,

for instance) are only partly soluble in these solvents over the range DS 2.7-3.0, perhaps

because a very few of the original hydrogen bonds remain unbroken. This is confirmed by

looking at the results of Buras on fully acetylated cocton (39). Under conditions leading
 
to so-called complete acetylation in the presence of a nonsolvent, a DS of 2.7-3.0 was ob
tairied with the lint fiber, but the constraints on swelling produced on the fine structure
 
of the cotton during, processing were such that yarns reached only 2.4-2.7 and fabrics
 
2 . 7-,7. o. 

I wish we knew more about some of the nonaqueous reactions of cellulose. It is par
ti~olarly interesting to find that research at IrT Rayonier has shown that fibers spun from 
IoISO solut ions of cel lIulose have hi gh-wet modulus fully comparable to the IIWM fibers pro
duced from zinc cellulose xanthate. '[his work has been presented before the American 
(.h,'mical Societv and '[APPI, but not yet published. The solutions used were with the DMSO
; 20, 4('h-- ) and th -DMO-formaldehyde solvents (42) recently developed. 

I thank ou ;ill for the [rivilege of discussing these matters with you and for your
attention. This talk has been an informal review of the fine structure of cellulose, with 
examples of its influence on reactivity in various media. For a more formal review of the 
effect of both gross and fine structure on various cellulose reactions, Segal's paper (43) 
can be highly recommended. 
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Figure 1. Cellulose
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Figure 2. Hydrogen bonds (dotted) betwee adjacent cellulose chains (002 plane).
 

Figure 3. Cellulose unit cell: (left) arrangement of CH2011 groups in cellobiose
 
unit; (right) hydrogen bonds in cellulose I unit cell.
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STAGES OF SWELLING OF CELLULOSE
 

Adapted from Faserforsch. Textiltech. 24, 113 (1973)
 

Diffusion
 

Hydrogen Bond Breaking
 

Solvation
 
(or Complex Formation and Solvation)
 

[Hdyrolysis or Degradation]
 

[Diffusion out of Fragments]
 

Separation of Solvated Portions
 

Figure 11. Swelling and Solution
 

AQUEOUS SOLVENTS FOR CELLULOSE
 

1. Acids
 

a. Sulfuric
 
b. Phosphoric
 
c. Hydrochloric
 

2. Salts
 

a. Zinc Chloride
 

3. Alkalies
 

a. Quaternary Ammonium Hydroxides
 

4. Complexes
 

a. Cuprammonium Hydroxide
 
b. Cupriethylenediamine Hydroxide
 
c. Cadmium-Ethylenediamine Hydroxide
 
d. Iron-Sodium Tartrate
 

Figure 12. Aqueous Cellulose Solvents
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NONAQUEOUS SOLVENTS FOR CELLULOSE 

1. Single Compounds
 

a. Amine Oxides
 
b. Qtaternary Salts
 
c. Bis(bihydroxypropyl) disulfide
 
d. Ilydrazi ne 

2. Solutions (other than the preceding)
 

a. Amines in Polar Solvents
 
b. Sulfur Dioxide and Amines in Polar Solvents
 
c. 	Nitrogen Oxides or Nitrosyl Chloride in
 

Organic Solvents
 
d. Polyphenols in Pyridine
 
e. Chloral in Pyridine
 
f. Formaldehyde in DMSO
 

Figure 13. Nonaqueous Cellulose Solvents
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CELLULOSE CHAINS IN NORMAL COTTON FABRIC 
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Figure 14. Modo; I for dry and wet cross-linking of cotton. 
iuot ted Iites represent hydrogcn b~ondls; 	 t rans
verse lines (lower figure) represent covalent 
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SOLUBILITY OF METHDYLCELLULOSE
 

DS Solvent
 

0.1 - 0.6 Dilute Alkali
 

1.3 - 2.6 Cold Water
 

2.6 - 2.8 Organic Solvents
 

Figure 15. Methylcellulose Solubility
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Recovery of Rice Straw Black Liquor 

Hassan Ibrahim 
Manager 

Technical Department
 
RAKTA Paper Company
 
Alexandria, Egypt
 

In the preparation of chemical and semichemial pulps from either wood or noi.wood
plant fibers, considerable quantities of cooking chemicals 
(200 to 500 kg. per ton of pulp)
are used. 
 The waste or black liquor resulting from the pulping process contains about 95
to 98% of th total chemicals charged to the dige.ter, while about 2 to 5% of the chemicals
are 
lost with the pulp from the washing system. In addition, about half the weight of the
fibrous raw material dissolves in the waste or black liquor during the cook. 
 However, the
composition of the black liquor varies considerably in different mills and depends 
on the
type of fibrou.; 
raw material, the cooking chemicals, and the method and conditions of cook
ing. The organic substances 
removed from the fibrous raw mate-ial during the cook, as well
as the inorganic chemicals charged, are present mainly in the form of salts. 
The content
of solids is around 20% 
for kraft black liquor and 14% for sulfite waste liquor from wood.
However, the solids content varies with the type and the moisture content of the wood used,
the amount of liquor cnarge, ) the cook, and the pulp yield and may be as 
low as 17% for

kraft and 12% for sulfite waste liquor.
 

It is 
7"vital economic importance to recover the cooking chemicals for preparation
of new cooking liquor. Also, the heat economy requires that part or all of the organic

substance dissolved during the cook should be burned to generate heat. 
 The combustion of
the organic substance is also necessary for combating stream pollution caused by effluents
of pulp mills, especially when they are located in mid-country or near important fishing
districts. Another alternative for the combustion of the organic substances is the conversion of these substances to valuable oy-products such as ;lcohols, organic acids, vanillin
 
and, other lignin derivatives.
 

IMPORTANCE OF RECOVERY OF RICE STRAW BLACK LIQUOR TO RAKTA CO.
 

Rakta Pulp Mill, Alexandria, is producing about 24,000 tons/year bleached rice straw
soda pulp. In 1979, the production capacity will be diubled to about 50,000 tons/year.
The total amount of rice straw used will be approximatey 160,000 tons/year. 
The caustic
soda required for cooking the 
straw will reach approximately 16,000 tons/year.
 

The black liquor resulting from cooking the straw will 
amount to 800,000 tons/year
with a total solids content of approximately 9%. 
 This means that the black liquor would
contain 72,000 tons of solids, including about 15,200 tons of alkali in the form of free

caustic soda and sodium salts of organic and inorganic acids.
 

The value of alkali present in the black liquor, calculated on the basis of L.E. 115/
ton of sodium hydroxide, would be 15,200 x 115 i.E. 1,748,000.
L The value of heat that
could be generated from the liquor dry solids, calculated on the basis of L.E. 7.5/ton ofmazut with a calorific value of 10,000 Kcal./kg. compared with 2,820 Kcal./kg. for black 
liquor dry solids, would be 

72,800x 2,820 x 7.5 
10,000 = L.E. 152,280 

"nLe total value of heat and chemicals of the black liquor per year would be 1,748,000 +
152,280 = i..Ii. 1,900,280. 

It is evident that the recovery of rice straw black liquor for heat and chemicals 
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would be very profitable to Rakta Co., 
as it will save most of the cooking chem'cal (caustic
soda) together with 
a part of fuel oil. In addition, recovery of black liquor will reduce
the stream pollution in Abu Qir Gulf, Alexandria, where the effluents of the mill 
are dis
posed.
 

=U _0NOUCOVERy OF HEAT AND CHEMICALS 
FROMB .CE STRAW BLACK L 

"lieSilica Problem
 

Rice straw black liquor is still not recovered for heat and chemicals because of its
high content of silica (10-14 g./l.) which causes 
troubles in the recovery process. These
troubles prevent the normal operation of a standard recovery plant (evaporator-recovery

boiler-causticizer) as explained below (2).
 

In the evaporator, silica reduces the evaporating capacity by forming scales of sodium
silicate and other insoluble silicate compounds (calcium, aluminium, etc.) on the evaporator
tubes. Therefore, operation must be stopped from time to time to 
remove the scale. Removal of the scale is 
not easy, either physically or chemically.
 

In the recovery boiler, silicate compounds, together with other chemicals, gradually
form beehive deposits on 
the walls of the boiler and between boiler tubes, causing a drop
in boiler function. 
 When there is a remarkable accumulation of silica in the causticizer,
sedimentation speed of lime sludge during the causticization of green liquor is reduced,
which makes the separation of alkali 
liquor difficult.
 

Past Studies and Methods of Desilication 

As already mentioned, silica trouble is the significant problem in the use of rice
straw black liquor for recovery of heat and chemicals in a standard recovery plant.

the silica from the black liquor before it enters the 

It
re

is logical, therefore, to remove 

covery plant. 
 In this connection, several methods for desilicating the black liquor have
been developed. 
They are the calcium oxide method, the carbon dioxide method, and the mag
nesium sulfate method.
 

Silica can be precipitated as 
calcium silicate by means of calcium oxide.
erature, the quantity, and the conditions of calcium oxide 
The temp

addition and the concentrationof the black 
liquor are very important factors. Precipitation of silica from aged weak
liquors meets with considerable difficulties (1) because 
a part of the silica occurs in
slimy form which imnedes, 
if not prevents, filtration.
 

Silica may also be precipitated by reducing the pH of the liquor. 
 There are several
ways to reduce pll, such as 
by introducing carbon dioxide or carbon dioxide-containing gas
mixtures, e.g., 
flue gases (1-8). 
 The application of carbon dioxide-containing gas mixtures preferred to pure carbon dioxide to prevent local over-acidification and resulting
increased precipitation of lignin (1). 

ptf can he reduced by addition of sodium hydrogen carbonate (7,8), magnesium chloride,or sulfuric acid (4). 
 However, use of sulfuric acid and its salts is prohibitive in processes using sulfur-free black liquors. 
 Desilication 
is very poor when using magnesium
sulfate (2) and recovery of chemicals is 
not possible using the salts of hydrochloric acid.
 

'I(e precipitatior of ';i lica occurs within a range of pll 10.2 to 9.1. Coprecipitationof lignin occurs. Its part of the total precipitated quantity, however, ranges withintolerable limits. Coprecipit:.-ion of lignin increases linearly in this pl 
range with decreasing pil value. At a pff 
smaller than 9, lignin precipitation intensifies. 
 On the other
hand, the silica content in the treated black liquor depends on 
the ptl value.
 

.'OWe of these methods ha% been applied on a commercial scale in pulp mills using rice 
s t raw. 
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'Desilici-or

tion behavior as well Parallely, the sedimentaas the filterability of the separated silica was to be examined.
 

The black liquor used in this investigation showed the following analysis: 

p11 
10.8Density, g./ml. 1.047 
 7.
Dry solids, %8.68 

S'02 content, g./l. 
 9.74
Calorific value of dry solids, Kcal./kg. DS 
 2,820
 
Desilication with Sodium Bcarbonate. 
 Precipitation of silica in black liquor was done
by the addition of a 10% 
aqueous solution of sodium bicarbonate to the black liquor to roach
a pHlf 9.5 and mixing the mixture for 30 mi. 
 followed by agitation for another 10 min.and then filtering. 
 The addition ratio of sodium bicarbonate to silica was 0.59:1. 

ilicaion with Calcium Oxide. Silica was precipitated by the addition of quicklime
containing approximately .60-70% active 
 CaO at a 
CAO:SiO2 ratio of 1.2-2.4:1. The mixture
wsbole r oufrntpeidso
quently filtercd through time ranging fram S to 60.min.flter paper with the following results The mixture was subse(CaO:SiO2 Ratio 2:1): 

.Retention

vs. period, min.Filtration period, min. 

5 15 .30 60
3.35 2,15 1.30 1.33

PH-
 11.8 12.5 12.4 12.3
Si0 2 in filtrate, g./l. 2.0 
 0.4 0.2
Amount of precipitate, g. 68 
 73 73
Analysis of precipitate
 

SiO 2% 
 11.5 14.3
.CaO, % .52.0 
 45.0

Na2O, %~ 
 2.7 

Org. C,% 

3.0
 
6.3 
 7.3
C02, % 3.9 8.2 . 

D.silicationwithCarbonDioxide. 
 gas from am oil-fired boilercipitation of the silica 
Fluo was used for pre.at a tempera.ture of 500 to 550 C. The gas was introduced in the
black liquor through a glass tube with An opening diameter of 2mm. at an introductionspeed of 3.57 1. flue gas/mim. Trhe reaction took 250 min. to athat the P decreased continuously P11 of 9.5. It was observed

prvpitation without any significant formationof si ica, of foam duringAt the end of the reaction period, the
the precipitate was filtered.
 
TstResuls. 
The results should be summarized as 'follows:
 

1. No complete silica precipitation
agents (i.e., was obtained with any of the three precipitating
sodium bicarbonate, quicklime, and flue gas) when the black liquorcontained approximately 4% dry solids).
 
2, Nearly complete precipitation wa, 
reached when the black liquor contained approxi
matoly 8%drysolids,:After filtration of thle 
precipitates, 
an average desilica


tion of 95%.was found, corresponding to A residual silica in the liquor of 0.3-0.7 
A-S-2 1 

... ~> 3. 'r he proicpitatijon wi th sodium bicairbonate solution,~black. flue gas, and quicklime in liquor concentrated to 20-33% dry solids~ content resulted in suspocn.5 ons.which ca'used great difficulties on filtration,

Inashort period, 

Thbe filter was completely clogged
so that filtration could niot be completed. 
'
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4. Filtration was tried by three different means; namely, paper filter on a 15 
cm.
 
filtering flask, 
a pressure filter type Niagara, and a laboratory centrifuge.
 
The following table provides a brief outline on the separability of the precipi
tate as a function of the filter equipment used:
 

Precipitating DS in the Separability of the Precioitate
 
Agent Black Liquor Paper Filter Centrifuge Niagara F.
 

NaHC03 Approx. 10% +
 
Solution " 30% 
 + ? 

Flue gas Approx. 10% + + ? 
" 22% + -

Quicklime Approx. 10% + + +
 
It 30% ? ? 
 ?
 

+ good separability.
 
- No/poor separability
 
? No result
 

The table shows that the precipitates obtained in the individual test can easily

be separated from the mother liquor on a paper filter only in the tests in which
 
silica was precipitated with flue gas or 
in which calcium silicate was precipitated
 
with quicklime from undiluted black liquor.
 

The 	filtration properties cf a suspension are greatly influenced also by the pre
cipitation conditions as for example type and composition of the precipitating
 
agent such as flue gas or quicklime, speed of precipitation and retention time of
 
the precipitate after its precipitation.
 

5. 	Washing the precipitate with fresh water often resulted in a wash water containing
 
higher silica content than that of the filtrate.
 

6. 	The amount of flue gas required for silica precipitation was between S0 and 100 1.
 
flue gas 1. black liquor. The introduction period for the flue gas was approxi
mately 7 hr., but it is possible to shorten the reaction time by finer distribu
tion of the flue gas.
 

7. 	In the precipitation of silica by quicklime, the retention time of the precipitate

after precipitation had a considerable influence on the filtration speed. A re
tention time of approximately 30 min. resulted in a minimum filtration period.
 

CONCLUSION
 

The significant problem in the recovery of rice straw black liquor for heat and chemi
cals is its high content of silica which 
causes troubles in the recovery process. Past and
 
recent investigations have shown that it is possible to achieve a desilication of up to 95%
 
by using quicklime, flue gas, or sodium bicarbonate as precipitating agents. However, diffi
culties have been encountered in separation of the precipitate from the mother liquor. In
 
this respect, further investigations would he necessary to overcome such difficulties.
 
Moreover, the larger amounts of silica or calcium silicate sludge which would be obtained
 
after de';ilication have to be examined for further utilization.
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Background and Activities of the Cellulose and Paper Laboratory
 

Yehia Fahmy
 
Head
 

Cellulose and Paper Laboratory
 
National Research Centre
 

The Cellulose and Paper Laboratory was established in 1954 
as one of the laboratories
of the National Research Centre. 
Work in the laboratory began with a staff consisting of
a rescarch supervisor, two research scholars, and two technical assistants. 
The main
function of the laboratory at that time was to carry out research for awarding M.Sc. and
Ph.D. degrees in collaboration with the university. 
Research programs, however, were
planned so as to tackle--as far as possible--problems of the existing local industry and to
help industrialization of indigenous fibrous raw materials. 
To the present, 12 Ph.D. and
25 M.Sc. degrees have been awarded as
the laboratory. a result of reserach supervised and carried out in
Most of the chemists who received their postgraduate degrees in the Cellulose and Paper Laboratory constitute mainly the present staff of the laboratory. This
staff is now made up of 15 Ph.D.'s, four M.Sc.'s, and two technical assistants.
 

Since its establishment, the laboratory has carried out research covering a wide range
withii the field of chemistry and technology of cellulose, fibers, pulp, paper, board,
cellulose derivatives, films, semipermeable membranes, grafting copolymerization, lignin,
wood-plastic composites, and other related products. 
 In this respect, the most varied
fibrous raw materials were considered, especially those abundant 
locally such as straws,
reeds, sugarcane bagasse, flax, cotton stalks, Eucalyptus wood, cotton staple fibers, cotton
linters, etc. 
 Work started with producing paper pulp and dissolving pulp from straws,
reeds, and bagasse. 
These raw materials contain less cellulose and more inorganic matter
than wood and usually possess lower fibrous content of small average length. Accordingly,
more 
problems are encountered when using these agricultural residues for producing pulp.
 

The work carried out here enabled considerable improvemen:s to be made in the quality
of pulp obtained from these residues, not only for fine papermaking but also for dissolving
purposes. 
 Some work was done in collaboration with industry for producing writing and
printing paper from rice straw. 
Also, work on bagasse for producing paper pulp was planned
so as 
to provide necessary information for setting up a bagasse pulp industry in Egypt.
Ot. r raw material- such as cotton stalks were 
thoroughly investigated. Debarking of cotton
stalks, which is rather difficult because of the thin and branched nature of the stalks,necessitated the 
use of whole stalks. 
 This in turn called for several adjustments of pulping and bleaching methods and conditions to get bright and speckless pulp.
 

PapermakingL)ex eriments 

Beside fine paper, other paper types were also produced on a laboratory scale fromindigenou:; raw materials such as kraft pulp from the long fiber fraction of bagasse andwheat straw. Newsprint also has been one of the topics studied in this laboratory. For
wood, mechanical pulping has established itself as 
an economic process for newsprint production. It (iivers high-yield pulp
and 

which can run easily at high speeds on paper machines,sothe paper produced posse';ses good printability. Agricultural residues, however,canno)t be defiherized mechanically by the grinders used for grinding wood. Hence, a greatnumber of methods have been suggested by several authors for producing newsprint from agricultural residues, eqpecially from bagase. These methods range from mechanochemical to
semichemical and chemical methods and require blending bagasse pulp with mechanical or chemical wood pull, in different ratios. "fhiis, hundreds of different ways and means could beued for production of newsprint from bagasse. In this laboratory we have modified some
methods and supgested one blend for producing ne.4sprint on a laboratory scale from bagasse.However, the work needs further laboratory experiments, and work ispilot plant also 
riccs ary. 
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The choice of the most suitable method for producing newsprint from bagasse for a
specific country is still not easy or simple. 
The pulp and paper expert group convening

in Vienna in 1971 adopted a resolutio,. that further work, especially on the pilot plant

scale, is necessary. 
The sugar company in Egypt is the main organization interested in

setting up a newsprint mill in Egypt from bagasse. A represintative of the company will

give a lecture on this subject. In connection with newsprint it is worth mentioning

that promising results were obtained in this laboratory rc~aring newsprint making from
 
undebarked cotton stalks.
 

RecoveryQf Chemicals
 

With the development of a pulp industry in Egypt, recovery of chemicals from black
liquor gained more importance. At present, only one mill, the bagasse pulp mill, is re
covering chemicals from black liquor. A detailed review of this process and the rroblems

encountered with it in practice will be presented to you by the production manager of the
 
mill.
 

Factories using rice straw have no recovery system because of difficulties arising

from the presence of high amounts of silica in the black liquor. 
 Desilication of the

black liquor of rice straw pulping has been investigated in this laboratory. The isolated
 
silica was used successfully as a filler in papermaking and, with less success, as a pig
ment for paper coating. Simultaneously, extensive work has been carried out on the re
covery of chemicals from rice straw black liquor by straw pulp and paper companies. The

work, however, needs to be supplemented by pilot plant scale experiments. The chairman

of the board of directors of each company will present a lecture on 
the experience gained

in this field.
 

Exriments on Hardboard. Partic Boa 
 and Paper Coating
 

Activities of the Cellulose and Paper Laboratory were further extended to include

making hardboard and particle board. It was possible to improve the quality of boards

obtained from rice straw, flax, bagasse, and cotton stalks. 
The chairman of one of the
 
board companies will present a lecture on 
this subject.
 

Additives in papermaking as well as chemical modification of paper pulp have been extensively investigated in the Cellulose and Paper Laboratory and still 
represent one of the
 
current research subjects in the laboratory. A huge number of research articles from other
 
laboratories have been published on this subject. 
Nevertheless, it is not clear from the

literature whether addition or chemical modification is preferable for a certain specific

purpose. In our study we found that, 
in general, physically adding cellulose derivatives
 
or polymers to pulp during papermaking is more suitable than chemically modifying cellulose

pulp or grafting copolymerization except 
for few cases where grafting imparts new proper
ties to paper. Hemicellulose has been successfully used in this 
laboratory as an additive
 
in papermaking. It was found that some hemicellulose types and fractions act as binders
 
which raise paper strength considerably. Modification of paper surface by coating has been

tackled only to a small extent in this laboratory. Problems of packaging paper and coat
ing in local industries will be discusscd by the Director of Moharram Press in his lecture.
 

LepainiQnof Dissolving Pulp
 

Extensive research work has been carried out 
in this laboratory on dissolving pulp.

Special attention has been given to indipenous raw materials. Such materials--namely,

agricultural residues--suffer from many defects compared to wood, which is the traditional
 
source of dissolving pulp. By a combination of several mechanical and chemical treating

steps, pulps of high purity could be obtained from agricultural residues.
 

Since chemical purity is not the only factor affecting cellulose reactivity and hence

dissolution, experiments 
were extended to prepare the cellulose derivatives and the end
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product. For instance, pulps were xanthated and dissolved to viscose. Viscose filter
 
,clogging constant was estimated for different samples and corre itted to sich pulp I1t1,11 

as crystallinity index, polymolecularitv, and fiber swellzibility in wtevr or allkll i solj
tions. In this connection, the mechanism of the xanthn tlon reictii wa ., ih'otIihlv .il ,Ii 
It was found that, in general, one or two pull) physical purametor besides pulp cheiniic,1
criteria could reveal pulp suitability for viscose preparation, especially regarding filter
 
clogging which should be as low as possible.
 

Experiments were further extended to the preparation of rayon filaments from the ob
tained viscose. In this respect, it is worthwhile to mention that a research team, including
 
representatives from the National 
Research Centre and five pulp, paper, and rayon factories,
 
was set up in 1970 to investigate utilization of bagasse for producing viscose rayon on a
 
laboratory scale (50 kg. bagasse charge and 1 kg. charge pulp for viscose). The experiments

ended successfully in 1972. lbwever, further piloting on a larger scale is necessary for
 
an ultimate evaluation of bagasse as a raw material for viscose rayon and for furnishing
 
solid information for feasibility studies. The production manager of Esco Rayon and Cotton
 
Company will give a talk about this project and its results.
 

Other cellulose derivatives have been prepared from agricultural residues, such as
 
acetate, nitrate, and carboxymethyl cellulose. Films and semipermeable membranes have
 
been prepared from some derivatives and their permeabilities correlated to some parameters
 
of the original pulp.
 

L.ast but not least, an extensive research program was dedicated to fine structure of
 
cellulose fibers especially in the native, never-dried state. The result of this work on
 
cell wall water has thrown more light on cellulose reactivity.
 

Mainly the list of publications of Yehia Fahmy, et al, which are available separately.
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Value Recovery from_Pulpin2 Wastes
 

Conrad Schuerch
 
State University of New York
 

College of Environmental Science and Forestry
 
Syracuse, New York 13210
 

Before we 
review the American experience in recovering value from pulping
wastes and attempt to gain some 
insights which may have application to Egypt, it
may be well to recall the differences between 
our two countries. The United States
is so rich in fiber from forest resources that agricultural residues and annual
crops contribute a minor fraction of the pulp produced. 
Water, the second most
important ingredient in pulping and bleaching, is also available in large supply.
Labor is extremely 'xpensive, and costs of production can be minimized by large
capital investment, heavy equipment, 
and large mills. 
 It may be that in virtually all these respects and others, the situation in Egypt differs from that of
the United States. The transfer of technology is, therefore, a risky business,
and the knowledge of foreign "experts" should be applied only by those who understand the restraints and possibilities of the local situation. 
With that caveat,

4e begin.
 

M-y experience with wood chemistry and the chemistry of pulping processes
covers three decades, and it may be of interest to review briefly the attitudes
and the successes 
and failures of wood chemists and paper technologists over that
period. In the summer of 1948, the first Lignin Round Table was held at the
Institute of Paper Chemistry in Appleton, Wisconsin. At that time, there was
little agreement among wood chemists of the nature of lignin, but there was a genuine enthusiasm that 
if more were learned regarding its structure, real economic
benefits would accrue 
from by-product utilization. In marked contract to the general 
sentiment of the conference was a statement of one attendee whose remarks 
I
still remember: 
 "If you want to make money from lignin, keep it in the pulp."
 

Since that time, an 
enormous amount of research effort has been expended on
lignin. 10e now understand that it is 
a three-dimensional or 
lamellar network
polymer ' degraded in the pulping process to multibranched fragments of wide molecular weight distributions. We understand that 
linkages betwcen monomeric units are
diverse, some with carbon-to-carbon bonds, 
some degradayle carbon-oxygen-carbon
bonds. 
 The main dimeric structuril elements 
are known. The behavior of lignin
with soivents has been clarified. The important reactions in pulping are known in
detail. 
 The biosynthesis of lignin has been investigated, and our knowledge of it
is consistent with the biosynthesis of a variety of natural phenolic materials and
also consistent with our conclusions regarding lignin structure. 
 Nevertheless,

the problem of lignin as an underutilized raw material remains. 

It is perfectly clear tha: one can derive from lignin a few fine chemicals;uch as vanillin and dimethylsulfoxide and, indeed, a substantial number of bulkpolymeric commodities, which require special capital investments and completely
different marketing organizations than the usual paper product;-, and still have almost all of the original waste to dispose of. 

The history of hemicellulose research and application is ,imilar. In 19-17-48,very little was know7i of the stricture of noncellulosic pilyaccharides in plantfibers. ';ince thIn, refinement of separation methods , including chromatograph,development of polymer methodology, and application of ins. rumental methods tostructure ai jlysj ,, has led to a drtailed knowledge of the structure of th majorcomponents of the inature cell wall and even developing primary cell wall . Yeta recent art icl in 'fappi, which reviews the recovery of carbohydrate degradat ion 
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products from alkaline pulping liquor, emphasizes the difficulty of finding eco
nomical recovery processes and new markets for the products and concludes that the_ideal 
 objective would bg the development of new wagays of a oiding arbohydrate.-Josses.

-during-degaifi'cation.w
 

* .iit is important to recognize that attractive technologies can often be devel
oped without a complete underpinning 'of fundamental knowledge. Indeed, that has
been the case with much of polymer technology. 
Cellulose and cellulose derivatives


* were used as plastics, films, coatings, regenerated fibers, and explosives before
the structure of cellulose was known. 9 
 The reason for the poor utilization of fiber components is not due to a lack of knowledge of their structure and properties

but is due to the difficulty of separating, isolating, and processing them as 
rea
sonably useful commodities without undue cost.
 

If one compares the relatively modest successes in by-product utilization with
the changes and improvements in paper technology over the past 30 years, one must
be impressed with the technological approach. The direction proposed by the paper

technologist at the First 
.ignin Round Tablehas been followed. The technologist
has used a very few general methods to 
allow him to use a higher proportion of the
fiber in paper. 
 First, he has developed a variety of semichemical, chemimechanical

and mechanical methods of obtaining useful fiber from 
raw materials. Secondly, he

has recognized that no 
single fiber is able to provide the wide variety of proper
ties needed in even one type of paper, much 'less the infinite variety of papers that
are useful in today's society. le therefore blends fibers, 
not only those obtained

by different pulping methods but also those from different plant 
sources. It is
well recognized that if a particular fiber does not add strength to-a sheet, it may

add. bulk or opacity or some other useful property.
 

Potential Sources of Fibers
 

Therefore, it seems appropriate to look first to potential fiber sources 
if
 one wishes to minimize waste. 
 I note that current Egyptian fiber sources are
 
largely agricultural residues, and all 
are short fibered.loa One might ask' whether
Egypt can 
afford to base all of its paper production on this limited resource as
the country moves into a more highly developed state. Is it realistic to consider
the establishment of other plant 
sources which might provide long fibers to blend
with high yield chemimechanical pulp from,agricultural wastes? .What 
 possibility is

there of growing .lcucaena,1 or eucalyptus, or bamboo for pulp in Egypt and if there
is, what advantagescould accrue by their use 
in blends? Which would be preferred?
Could a higher percentage of fines be used if longer fibered material were 
available
 
for blends?
 

There is, at the present time, considerable interest in the growth of variousplant crops on the arid lands of southwestern United States and Mexico. The ones 
of interest will1 be harvcstc ifor their extractive content.' They include Euphorbiaas a source of hydrocarbons,- guayule for rubber, and jojoba for' wax and an industrial oil which can replace whale oil. 13 The economics of some of these developments might' be better if their fibers could be used as well. Is this development
of significance. to Egypt? 

, am aware of one major company in the United States that has even made an exploratory evaluation of the farming of algae in lagooos (estimated growth rates 
50 to 200 tons per acre) in the subtropics as a source of fiber, so I would urge 
those Ie f th elopment of local paper industries notto ignore thequestion of new fiber sources', Egypt will..here it need themi and if the .fiber is not grownwill have to be imported.. This question is of significance beyond that of 
minimizing waste but is. ccrtainly pertinent to valu recovery from waste. 

forRecoL cri t-fsct.oA2loics 

, 'Value can be recovered from wastes In at least four.4, forms: as organic chemicals 
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or products, inorganic pulping reagents, energy, and pure process water. 
The
methods that can be applied successfully depend on whether the process is high or
low yield and its detailed chemistry. 
One may discuss present methodologies or
those that have reasonable probability of application in the next five years or
longer range exploratory approaches that are still untested and, therefore, highly
speculative. 
 I hope we can consider some of each.
 

Fortunately, a definitive statement 
on the utilization of organic chemicals
from wood by F. W. Herrick and H. L. Hergert of ITT Rayonier has just appeared. 14
Their emphasis is on products and processes which have been d-veloped at 
least to
a pilot plant stage, and their paper includes a review of the present state of the
problem with 206 references 
(which I shall not repeat) and also includes reasonable
 
prospects for the near future.
 

As a result of the recent 
 increase in the price of oil worldwide, there has
been a great resurgence in interest in alternative
Flerrick and Ilergert 

sources of chemicals and energy.have not been impressed by the present excitement.out that even if oil They pointprices were to double, wastes would still be
a raw material for most a poor choice as
organic synthetics and polymer production e en on
per pound basis. a priceThe same point has been elaborated by P. Becher,1
the enormous who emphasizedweight losses that are suffered on converting thecarbohydrates to typical highly oxygenatedbasic feed stocks such asacrylonitrile, etc. 
ethylene, butadiene, butanlol,
These conclusions appear valid whether one considers wood
pyrolysis, pulping, or 
hydrogenolysis as 


statements of Herrick and Hergert 
a mode of approach to chemicals. Many of
 are pertinent to the utilization of agricul

the 

tural residue pulping wastes as 
well and are worth summarizing.
 

Lxtractives are more available from woody species than from most grasses, and
much effort has been expended 
in their isolation and commercialization.
notable success The most
has, of course, been the traditional naval
turpentine and rosin stores industry producing
from a limited number of Dine species. 
 The older manual collection of oleoresin from living trees has been largely superceded by recovery of
"sulfate turpentine" by steam distillation and tall oil by skimming of kraft pulping
liquors. The yield of these materials 
can now be greatly enhanced by treatment of
the pines with "Paraquat" herbicide. 
This treatment results in
ity of the trees to a greater sensitivinsect attack, and probably the biosynthetic energy of the plant
is diverted away from fiber production. However, the increased yields of these materials in so-called "light wood" is seven 
to eight timn that
dramatic that the method will 
of normal wood and so
undoubtedly be continued.
other experiments in chemical 

It has, in fact, sparked
treatments to enhance production of other desired
plant products. 13 Fhe resin acids, fatty acids,all and terpenes of the oleoresin havebeen successfully commercialized, but 
I believe the nonsaponifiable steroids
have found little utilization in the United States.
 

Practical methods for 
 the isolation of afrom sulfite number of pure lignans and flavanoidsliquor or bark extracts have been devised. However, in mostficierit markets cases sufhave not been uncovered to warrant continued production. More complex polymeric product mixtures have, in specific cases, been more successfully commercialized. This success may reflect the ability of theto market bulk commodities better than high priced chemical 
pulp and paper industry 

specialties. However,
it probably also is 
related to the character of the natural products themselves.
 

Rcovfr Chemica 1. fr1oJ I as,
 
Amon,! the commodi t ie,; 
 that have been derived from wood wastes are the following:. ;,vetablt: tannins from quebracho, ch-;tnut , wattle, and hemlock bark. However, themarket for vegetable tannins has decreased inment of the last two decades with the developa variety of synthetic tanning agents for leather and thewent of leather by plast ires 

partial displacein footwear. Tannins and polyphenolicssiilfonate'.- -are used from bark--oftenalso as oil well (Iadhesive ri lling mud additives and dispersants,components and filler., carriers phenol icfor agricultural micronutrients, and chemical grouting agents. 

http:appeared.14
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One of the major growth areas for polymers is in water-soluble and water
swellable products. This is evidenced in the growth of carboxymethyl~cellulose 

- and the interest in the starch-based "super sluirpers"_and various cellulose g,raft ____ 

be extracted from American larch in yields up to 16% and averaging 10%. The ex
traction is advantageous, *for the extracted wood consumes less cnemicT in pulping

and is preferred for use in board products. The gum is on the market but so far
 
apparently has not developed a major use.
 

More directly pertinent to utilization of annual plant residues is the work on
 
recovery of value from' cell wall components.. Losses of hemicelluloses occur in both
 
alkaline and acid pulping processes, Acid processes include the prehydrolysis of
 
various species, including southern pine prior to kraft pulping for chemical pulp,

and also the acid sulfite pulping of northern conifers. Depending on the acidity

and duration of treatment, the polysaccharides may be degraded to monomeric or re
main as polymeric products. Prehydrolysis of hardwoods or annual plants, of course,
 
produces a pentose-rich fraction, while the soft woods provide mamnose-rich products.
 

An explosive steam defibrization of hardwood chips for fiber board, termed the
 
Masonite.process,-produces an aqueous extract of the same type, which is concentrated
 
to a molasses-like consistency,(6S% solids) and is sold successfully as a cattle feed
 
additive, Practical methods are also available to isolate xylose or mannose from
 
the appropriate liquors, using fermentation of hexoses to ethanol and methanol ex
traction for the former and crystallization of a bisulfite adduct for the latter.
 

A number of'products are derivable from the hemicellulose fraction. 'rXylitol
 
from xylose and mannitol from mannose are available by hydrogenation. The recent
 
discovery that xylitol reduces dental caries has led to its commercialization in
 
Finland and its incorporation in American chewing gum. It isddubtful that even
 
A1merican chewing habits can provide a'suitable outlet for th'e available xylose. Un
fortunately, the use of mixtures of wood-derived polyols for industrial purposes

finds severe competition from the purer products derived from glucose.
 

Furfural is derived from acid treatment of pentose sugars. In the United
 
States, these sugars usually come from corn cobs, grain hulls, or sugarcane bagasse.
 
The entire U.S. production is about 175 million pounds per year. Recent two-stage
 
process studies on sugarcane bagasse, using sulfuric acid as a catalyst, have been
 
carried out and have led tothe formation of furfural frompentoses and levulinic
 
acid from hexoses. Both products have also been derived from hardwood residues, but
 
.a commercial process for production of levulinic acid developed by Crown Zellerbach
 
was closed because of an unsatisfactory market situation,.
 

It is also possible to extract high yields of pentosans deacetylated but unde
graded from smnallI part icle size hardwood sawdust: or straw with hot alkal i at less 
than pulping temperatures. 8-20 The extraction occurs rapidly, and the percent 
soluhilized is a function of temperature, alkali concentration, and species. A 
variety of species have been tested, and around 75% to 90% can be removed from a
 
number of hardwoods, sugarcane hagasse, and wheat straw with a single extraction of
 
12% sodium hydroxide at 800. At lower temperatures and high alkali concentratioas,
 
the more highly swollen cellulose restrained within the lignin matrix forms a lat
tice 'which effectively prevents pentosan extraction. lower alknli concentrations
 
extract proportionately Jess. The extraction could presumably he carriedout in a
 
cointercuIrrent continuous process and the reslduo pulpd at higher temperatures with
 
less carbohydrate decomposition andalower ikall The pentosan could be used
demand, 

'as' paper additive perhaps for glaqsin orgrease proof stock, Other markets for
 
these low molecular weight polymers may he hard to find.
 

Presumably,in the short times used for alkali pulping of annuaiplants, grasses, 
and hagassu, a substantial proportion of the hemicelluloses may still be in polymeric
form,' 'However, under the more drastic conditions characteristic of krnft or soda 
cookingon either hardwoods or conifers the polysaccharides ar fragmented to produce 
reducing and groups which allow the polysaccharides to degrade via the well-known 
stepwise "peel lag' reaction,1 "' The' end products tire the iso and] meta saccharfnlc 
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acids and a variety of smaller hydroxyacids. Acetic and formic acids are also
formed 
 These reactions are, of course, the main alkali consumers. Although, as
Herrick and Hergert emphasize, the quantitins of sugar and hydroxy acids formed are
enormous and a number of uses are known for closely related products such as gluconic, tartaric, and lactic acids, no practical commercial recovery and separation
 
processes are known.
 

In summary, the isolation and purification of pure sugars 
or simple carbohydrate derivatives from pulping liquors 
are generally expensive and the potential
market therefore limited. 
 Probably the only likely bulk chemical commodities are
those such as furfural or levulinic acid that are volatile and can be stripped off
the liquors. 
 These are probably most accessible from prehydrolysis liquors. 
 Since
a substantial quantity of hemicelluloses will be destroyed in the pulping process
anyway, prehydrolysis or preextraction might perhaps be applied more generally even
 
for paper pulps.
 

Two methods of recovering acetic acid from pulping liquors aie described by
Herrick and flergert. The Sunoco Products process is notable in that it recovers
the acid from a neutral sulfite semichemical pulping liquor. 
 The liquor is concentrated to 400 dry, solids and acidified with sulfuric acid. 

are Acetic and formic acids
readily, extracted by 2-butanone from the solution at 
high salt concentration,
and the acetic acid is further refined to 99.5% purity. 
The sodium sulfate is used

in making up kraft liquor alkali.
 

Acetic acid is also being recovered from spent sulfite liquor evaporation
condensates by adsorption on activated carbon. 
 It is desorbed as ethyl acetate.
This process is being demonstrated at Flambeau Paper Co., 
Park Falls, Wisconsin.
 

Utilization of Livnin
 

There is little new to report 
in the chemical utilization of lignin. The
oxidative degradation of sugar-free lignosulfonates to produce vanillin and closely
related compounds has a long history. 
The preparation of dimethyl sulfide by alkaline reaction of kraft 
black liquor with sulfur and its oxidation to dimethyl sulfoxide was 
pioneered by Crown Zellerbach in 1961 and continues to operate successfully. Pyrolysis with lye 
or 
lime to give catechol and 4-alkylcatechols has also
been developed but not widely used. 
 Ilydrogenolysis has been investigated. 
At
temperatures less than 2500 C., 4 -alkylguaiacols and related products are formed.
From about 2500 to 3500 C., 
the aromatics are hydrogenated to cyclohexane derivatives. At temperatures above about 3500 
C., pyrolysis, dehydrogenation, and rearrangements occur with the formation of phenol and simple alkyl-substituted phenols. 2 1
 rhese products are probably the most marketable in quantity, but an extensive investigation of the Noguchi process, the most 
promising of these methods, by Crown
Zellerbach failed to produce an 
economic process. In all cases, most of the lignin
appears as 
higher boiling products, and optimum yields of monomeric phenols 
are usually around 20 to 25%. Alkali 
lignins usually give lower yields of phenols with

4-ethyl side chains rather than propyl.
 

Now and for the foreseeable future, the bulk of lignin from chemical pulpingprocesses will be uti lized as fuel. As the least oxygenated (and hydrogenated) of
wood wastes, it has the highest heat value and is, therefore, the most useful
fuel. At the present time, almost 
as 

all kraft liquor containing both lignin and carhohydrate, deg'radation products is burned and inorganic chemicals and energy recovered.SlIerit sulfite liquor solids produced in the United States amount to 6,840,000 tons.Aboit 313,000 tons, or around 5%, are sold as marketable products. Ierrick andlerert list principal uses for spent sulfite liquor in order of decreasing size('ahl I . It will be noted that the most important is as a fuel, and all but oneare uses for relat ively crude polymeri c mixtures. In some cases the sugars arefirst remr,,ed hy fermentation and the re.,idual ]iignosulfonates sold. However, foranimal feed the desired components are the wood suiars. Although lerrick and liergertest imate that these markets may grow to 1, 000,000 tonnes by 1980 arid indeed that intheory an ima I feedi ng col] d absorb the ent i re output , i t i s obvious that the major 

http:phenols.21
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portion will be burned. That portion which is sold will be used in market-4oriented formulations for specific materials outlets, only rarely pure chemicals. 

Although the search for chemical products from carbohydrate wastes -has hadonly limited success, it seems clear that these materials have a higher marketpotential than lignin and a lower heat value to recover. Prehydrolysis permitsthe isolation of a reas.onably pure carbohydrate fraction which in any case wouldbe largely lost in thle pulping process. Alternatively, preextraction of undegraded hemicelluloses is possible from grasses and hardwood sawdust. In additionto conversion to furfural and levullinic acid, a much larger potential market isas an animal feed additive. There is no reason why this market cannot also absorbsome solid wastes as well. During the Second World War, markets for Swedish pulpwere cut off, and local pastures could not support-the desired beef and dairy cattle population. 0heSwedish Solution was to enhance the digestibility of celluloseby a severe degradative sulfite cook and feed the pul) to cattle. It would appearthat various inexpensive treatments could also enhance the digestibility of finesand pith help provide animal fodder in Egypt, where agricultural land is,limited.These might include the use ofwhite rots to enhance digestibiity14 or ammoniatreatments to' enhance accessibility,.22 , 

. 
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.ThRole po......... bilsog to increase the value of carbohydrate wasteshas ardy benappd. Iexoes n slfic,ad pehyrolsi'liquors have beenfermented to ethanol in order to allow recovery of pure lignosulfonates in the oneand to improve the recovery of xylse orfurfura from ihe other. Pentoses, hexoses,and other monomeric' carbohydrate materials are converted by Torula yeast to cellularmaterial containing 509. protein which is sold as an animal feed additive. In Finlandthe fibrous' funguis Placci lomyces varioti is grown for similar uses,'since it is morereadily separated from liquors by filtration (the Pekkilo process). Czechoslovakianpublication discusses the use of Ntycelium sterilium. fungus, grown similarly, as a poultry feed. 2 3 the treatment of wood wastes by whitero ih to rtrotocS uaos :....... , into protein,.,chmicroorganisms that canbe used as fodder is also under in*vestigation. 24 However, thle selection of microorganisms for efficiency, processability, and nutritional value has scarcely begun.. 

. None of these organisms can utilize the .saccharinic acids formed 'inalkali cooks,*but they are utilized by, activated sludge bacteria.. The sludge biomass has a protein content, color dnd taste similar to the yeasts and preslimably could also becomre an approved feed additive. If sodium hydroxide oxygen pulping becomes more con.,non, similar organisms may be needed for the utilization of these pulping liquors.It is significant that the Chmristry Department of, the Swedish Forest 'Products Laboratory hs, at. present,. an outstdndingprogram in'microbiology.24-27 

Other products can he madec by Fermentation, Acetic acid,. butanol, and acetonecome immediately to mind. At 'the' present time, these 'products usually are derived,from petroleum, but fermentation might be feasible at soine. time. Antibiotics areproduced by fermentation in 1-51%suigar solutions, usually corn stcee'liquc.s or distiller solubles i the United States. , It'is conceivable that some valuable antibiotic producers prefer pentoses! In 'Japan, .Ju.Jo Paper Company 2 8 and Sanyo-KokusakuPulp) Company 29 produce rihoriuicleic acid from Torula yeast. Tlhis has a market infood or pharmaceuticals, 

It has beer, pointedI out by Wells30 that tile development of-extracellular,microbial polysaccharides as commerical products is rapidly expanding aisnow plantsre coming on stretim, This new plateau of production will first be absorbed intoexi~stinp ludustrivs, At the present,- appl icat Ions of these products in food, pharmanceutical , and medical fields are being developed- for their''propjerties as viscos
requirements~ Inltertiary oil recovery will require' very4lage,:mounrts of product.However, Improved high productivity fermentation systems and Improved separation < 

a' '. 4,4 '{4 

4 4!' a . 
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methods will be required for this use to become commercially viable.
 

investigation are the following: 3 1
 

Dextran is produced from sucrose by various Leuconostoc species, and
a relatively linear one from NRRL strain B512 is used as a blood
volume expander and for other pharmaceutical and industrial purposes.

W) ..cross-linked, it is 
a useful chromatographic substrate.
 

Xanthan gum is produced aerobically in various culture media containing
Rlucose, including cottage cheese whey, by the bacterium Xanthomonas
campestris. 
 It has interesting rheological properties and 
interacts synergistically to form gels with 
(1-4 )-P-glycans and even with locust bean gum,
a galactomannan. It 
s the first biosynthetic polysaccharide to find widespread use 
ir the food iniustry.
 

Both polysaccharides 
are beiig tested for tertiary oil recovery processes. Theproduction of a number of other microbial extracellular polysaccharides is being developed for a variety of purposes. These include algir.ates;heteropolysaccharide produced by Eivinia tahitica; 
levans; "Zanflo," a 

"PS7" made by an Azobacter species
'Curdlan," a (l,
3 )---D-glucan gel former; and Pullulan which forms water-soluble biodegradable films with high impe'r:cability to oxygen. 
The bacterial synthesis of
cellulose is also well-known.
 

It is quite apparent that microbiological research should be an 
important part
of any long-range waste recovery research program. 
Microorganisms can be a rich
source 
of high value products: 
 enzymes, coenzymes, sterols, nucleotides, metabolic
intermediates, and water-soluble and insolul le polysaccharides, and the paper industry has a vast culture medium going to waste.
 

Dae.e as aR-. _a4teril 

In ine production of paper fiber from bagasse, one of the most important
wastes must he pith. 
 I note that your laboratory has been successful in also making dissolving pulp from hagasse fiber. Since the chemical components of the pith
must be very similar to 
those of bagasse fiber, there is some possibil ty that the
pith mi.ght be used for this purpose instead. Undoubtedly there would be seriousproblems of process modificat ion to be solved, but the successful achievement of theobjective would be worth considerable effort. 

lhe most generally recoveredI values from spent liquors are those of energy
inorgani( zhemicals. [h( and
sulfite mill:, have for some time been converting from calcitun t, sodium, m;ignesiim, or ammonium bases in order to facilitate concentrationfor combustion withouit -xcessive scale formation. lepending on the system and the
.:oice of base, either stilfur dioxide or both base and sulfur dioxide are recoveredfor reue. etral or :ici( s tlfite Iiuors are sometimes concentrated and added tokraft recovery system,; 

Non-wood plant fiber pulping is usually by soda or kraft process. In the pulpi;g of woods, the technology of recovery for these processes is highly developed,but application of the s.,me methods to non-wood plant fiber pulping has resulted;Ireat difficulties. "he:;. inwere reviewed at conferences in Memphis in 197232Atlanta ino19733 sponsored by the Non-Wood Pl1ant 
and in 

Fibers Committee of TAPPI Papers
on the recovery problems encountered when pulping bagasse, bamboo, and wt -itstrawwere pres;ented. "he recovery problems of all three classes of plant fibers weresimilar and appeared to be caused primarily by the high silica content andproportion of short fibers, the highvessel segments, and,pith. in the case of bagasse, residual'he origin of the troibles was, nevertheless, not always clearly definedrigorously identified. or
(I wish to thank Marvin Bagby for calling my attention to


these papers).
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The difficuiltie; are mos;t obvious in pulp washing, evaporation of liquors, and
 
combus;tion. The experience of-an Argentinian mill34 pulping depithed bagasse was
 

typial
he dpited hgas;e as stored Ithree to eight months; in wet stoae Any
 
sis of thaie ''.2.% % ll~i soluble, 30 lipno;n 1 gnin, and t.36
 
ash, of which was 0,70 silica. The fiber was cooked in Pandia continuous digesters
 
with sodium hydroxide (about 1.75N 'containing about 2'. of the base as Na2S) at a li
quor to total solids ratio of 2.86.. The bagasse consistency was 38% at the screw
 
feeder. The amount ofalkali was about 10' by weight of bagasse. The cook was at
 
l170 0-C.for 10. to IS minutes. The residual pulp contained only 2%-lignin. Ninety
two tonnes of solids dissolved per 100 tonnes of bone-dry pulp produced. This must
 
mean that virtually all ( 901) of the lignin and pentosans were-removed, with nearly,
 
all of the cellulose retained. Pulp washing on three rotary vacuum filters with 40
 
mesh screens was inefficient and resulted in highdilution caused by poor drainage
 
characteristics of the pulp. The resultant liquors amounted to 14 cu. m.per tonne
 
of pulp. I believe this is perhaps 50 to 60%0 more liquor than isrequired for wash
ing wood pulp. Presumably the poor drainage results from the physical characteristics
 
of the-pulp, retention of vessel segments, pith, and short fibers. However, much of
 
this material passes through the 40 mesh screen and must be removed on an 80 mesh
 
screen before evaporation..
 

If any other factor is responsible, it is difficult to relate it to any fiber
 
component. There is no evidence, of which I am aware, that either. hemicellulose or
 
lignin from these species has any special physical properties or molecular size to
 
Cause problems. Any contribution the silica might make to viscosity at this dilution
 

-- should be minimal. If, however, microbial action occurs during storage and poly
saccharides are generated, these gel. formers could cause serious difficulties. Dextran - -

formation has blocked the pipes-in sugar refineries when production has been stopped 
forafew days, so pipes arc now routinely drained when a shutdown occurs.: It might, 
therefore, be of interest to- determine whether microbial polysaccharides-are present, 
if it is not-already known. It would be of interest also to know whether unstored or
 
prehydrolyzed bagasse pulp has-as difficult drainage problems. - If not, probably the 

source of the difficulty is in foreign or hydrolyzeable polysaccharides as well as
 
fiber structure. -The poor drainage characteristics of the -bagasse pulp are an ex
tremely serious problem in this mill, for not only is excessive energy required to
 
concentrate the liquors but also 8.4% of the alkali is lost in the washing stages.
 
Over 3% additional is lost in evaporation and recovery boilers and-3.7% in-recausti
cization. These-latter losses are more typical of wood pulping. The most realistic
 
solution proposed to this problem was to use especially designed washers with high
 

--surface area and low specific -load- factor.35 - - -


T'rhe evaporators in the bagasse mill required frequent cleaning because of clog
gingof the first components by organic material, calcium carbonate next, and in the
 
last components altminum silicate.- The liquors were concentrated only to 40% to avoid
 

-- , lica scale and transferred to a cascade evaporator to concentrate to 62% solids.
 
The.high viscosity of the bagasse liquors required an oversized cascade drive, and
 
i Indian mill amboo 3 6 the high viscosity of concentrated liquors required
in an pulping-

special firing nozzles to maintain steady operation of the recovery boilers without
 
excessive supplementarY fuel.-

The main difficul ties in the evaporation and combustion of liquors appear to 
derive from their high, silica content and can reasonably well be predicted from 
the ash content of the fibrous raw material (Table 2), Typical ly, 65 to 70% of the -- 

ash isSi02,-which dissolves ascomplex silicates int ie alkalino pulping liquors. 
'iwo methods of deali ng with the roblem were proposed first under devolopment.-The


ipt li ng o to concentrate the black liquors to 30%
 

solids and add slaked lime at a ratio of 1,8:1 lme:silica at 900 .G, and filter off 
the calcium silicate formed. TheT second method, suggested by 1).K. Misra, is used 
In Grece 3S This consists of adding additional alkali to the brown stock wash 
waters before evaporation. When free alkali is present at-a concentration of "8-10 
g/] In bapsso liquors and 12 g,/l. in waters from-wheat straw pulping, silica
 
,,ndllpnin precipitation is retarded and the viscosity of the hot concentrated liquors,
 
isminimized, ScaeIuFormation and ne.cessnry s'hutdowns fo cleanng are reduced and
 

more evenhboiling is possible in the recovery'bhllers, although-supplmen tary fuel

http:factor.35
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is still required.
 

Silica also interferes with the recausticization process in a number of ways.
It 
causes slow settling of the lime slurry and causes glass formation and other
problems in the lime kiln. Continuous buildup of silicate in the lime can only be
avoided by discarding part of the lime. 
 In the Argentinian bagasse mill, 
17% limestone make up was required, of which 8% was 
considered "normal" 
loss and 9% caused
by silica. 
 This, of course, results in 
a sludge disposal problem.
 

The most innovative proposal 
fo. soda black liquor recovery was the use of a
wet 
combustion method which permits the direct combustion of the liquors at
as 8-11% as low
solids content. 37 A somewhat simpler plant design 
is possible if pith is
added to give 16% 
solids content. The principles of the process are not receit,
for they date at least 
back to a Norwegian patent of 1912 and were described by
Zimmerman in 1958. Rydholm in his 1965 text "Pulping Processes"Ob refers to tie
Cederquist and the Zimmerman-llamuermill-Borregaard 
processes for wet combustin of
acid and neutral sulfite liquors. 
 No chemical recovery is indicated in these references, however. 
 J. F. Morgan 3 7 reported in Atlanta on wet combustion of eucalyptus
soda pulping liquors and proposed the process as a method of improving chemical and
thermal efficiency and overcoming the silica problem in non-wood plant fiber mills
(Figure 1 and Tables 3 
4, 5, and 6).
 

The process is based on 
the oxidation of dissolved or suspended organic solids
in water by molecular oxygen at 
elevated temperatures and pressures. 
 For the desired 95-98% oxidation, temperatures at 3000 
to 3200 C. and pressures of 2,500 to
3,000 p.s.i.g. are needed. 
 The oxidized liquor leaving the reactor consists of concentrited sodium carbonate and 
some bicarbonate (180 g./l. 
as NaOH) at 1000 C. and
a small amount of salts of short-chain aliphatic acids that do not build up in the
soda circuit. 
 The recovered liquor is practically colorless and contains no carbon
particles. Inorganic fiber impurities including silica, magnesia, calcium, and alumina
settle in the dregs and can 
be readily washed and separated. 
The soda is recovered to
the extent of 99%, and its solution can be diluted with other waste streams prior to
causticization with 
lime. This process offers a 20% 
increase in thermal efficiency
of the bagasse recovery operation. Energy recovery from the reactor exhaust vapor
is in the form of saturated process steam and electric power, and their proportions
can he varied over wide limits. These claims 

experience on eucalyptus and 

are based on seven years of operating

laboratory experiments on non-wood fiber pulping liquors.
 

A French patent describes a similar wet combustion pro.zess using pure oxygen
rather than air. 
 This can operate at lower temperatures (1800 
to 3000 C.) at least
in the presence of iron 
or copper oxide as catalyst. 38
 

T r eachin
mea t of 
 -Li4 rs
 

We will 
return to the question of liquor causticization later. 
 Next I should
like to comment briefly on 
the treatment of bleaching liquors. 
 In my opinion, the
most innovative proposal 
in this field is that of Rapson and Reeve 39 ,4 0 which they
call, with some exaggeration, "an effluent-free kraft mill." 
 Their method includes
washing pulp in a completely countercurrent manner 
from the last 
stage of the bleach
plant through the ,tIbleached pulp washer and sending the combined washings into the
evaporator (Figure 2). 
 "1hey envisiooi bleaching with chlorine and chlori 
 dioxide
alternating with alkaline extractions. 
 Their proposal includes 
some modifications
of the bleaching %vequence, of the ,-)portions of chlorine and chlorine dioxide, and
of the bleach chemical production. 
 . owever, their main pr,,posal is to causticizethe liquor prepared from the smelt in the usual manner and to concentrate it to
20-40% alkali. At th,; c(orcentration,

leaving 

sodium chloride and carbonate precipitate,sodiuim hydroxide and sulfjde in solution for pulping.
can be prepared by leaching Pure sodium chlorideout tie carbonate and can be reused for bleach. 
 Various
Iifquor condensates from evaporators 
ars 
cleaned tip and returned for washing the
bleached pulp and other pjrpos s. 
A pilot plant has been 
set up with Canadian Government ;.upfort , and the proces,,, i% being investi gated. 

http:catalyst.38
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It would appear that this Process would be of even greater interest in non
wood fiber pulping, "The use of sodium hydroxide in place of kraft liquor avoids
 
comnplications'introduced by sodium sulfate, thiosulfate's,:et6c'. 
To the extent that,


-clrieand-chl'orin diokxide,-t h6 biddht f a ealy6f 
closed system becomes" even easier to apply.~ It appears that a'combination of the
effluent-free mill and wet combuistionrecoer), plant wouldialso be compatible.
Rapson 'and Reeve' estimate heat savings by retention of' the heat in effluents that 
are now discharged, Furthermore,'theorganic matter from the bleach'plant,nownormally discarded in effluents, would be burned in" the furnace to increase the' 
heat recovered'per tonne of pulp by 5 to 10%, Finally, of course,'a process which 
uses 
little water should be of great interest in Egypt.
 

Bleac	ew ng..oc. jj i 
1'hcrt are a number of di fferent bleaching procedures under investigation that 7also should limit water usage. 
"Cliy are variations on high consistency bleaching-

consistencies of 20 
to 40% inn which no free water is present--and -130-7medium consistencyhe w
bleaching at 10-15' solids. 
 We became aware of this field arou2V u-iwnnw
 
were investigating the reaction of ozone on wood and cellulose. - We soon found
that ozone is not a specific reagent for the oxidation of double bonds but also can 
act as a Lewis acid to enhance hydrolysis of glycosidic linkages, and as a free radi
cal initiator fo'r oxidation chains 'with molecular oxygen 4 As such, it is sensi
tive to heavy metal catalysis, as was later found--to their sorrow--by, the research
 
group at the Pulp andPaper Research Institute of Canada, which is attempting to
commercialize the ozonization of mechanical pulp to enhance its bonding in paper 7
(the Paprizone process).- 'However, the most dramatic effects we noted were due 
to transport processes. The rates and selectivity of bleaching were greatly enhanced 



4under conditions-where no free water was present and theconsistency was around 40 to 
50%. Similar obsnervations were made on the ozone pulping of woodisamples. We were
able to demonstrate 'that the rate-determiing step in these processes was 'the trans
port of chemical across the immobilized water phase clinginggto the solid surfaces
 
or associated with even very small 
Clumps of fibers, Simple stirring of pulp suspensions did not move this water layer, and reaction rates wer'e'much lower in slur
rids than in the gas phase. In addition, over oxidation occurred at surfaces be
fore homogeneous attack~ could 2take place in slurries.'
 

At about the same time, J. S. Hart, N. .Liebergott, and F. Yorston at11.- the
 
Pulp and Paper Research Institute of Canada were investigatinggas phase high con
sistency bleaching using' commercial' bleaching chemicals. They also found greatly
enhanced reaction rates and improved specificity.46 This work has now developed
into the ,'apribleac 8process."47 A new gaseous reagent, chlor~ine monoxide, has
 
also' been announced. 'A recent paper has shown that the sequence CgEDgEDg produced
 
bleached pulps with properties that match or surass those of bleached pulps ob

7
tained by the conventional CiDED slurry process. In the Papribleachprocess, al
ka'line extractions mav be done with either gaseous ammonia or by r'apid press ex

-- traction with caustic soda.A 9 Laboratory work on gas phase high consistency bleach-
Ing of Southern pine kraft' pulp) showed lower costs for steam and chemicals, showed
that a~2-minute press 'extraction was equivalent to a I-hour extraction at 10%.con-..... 
sistency and that a decrease in'wash water to about 21,000 U.S, gallons/ton of bleached
pulp anud a 16-38%"reduction in pollution load -of bleachin effluents was to be ex-

. 

pect ed. 

The use of high consistency bleachng ieas been known- for a long time. rhe con-
Ventiona) explanation for its fas~ter raite hto; been that in amgiven charge of chemicals per tonne of pulp, the concentration of chemicals (ing./l.) will increase and 
the rate of reaction wil jalso Increase with-decrease in water content, i e., with 
Increas a In consIs tenc y,I(c This Ista completely Inadequate explanation and incon
si.tent with a number of observatlom4, The more Important factor is the fact that 
the rate of transport across the liquid envelope Is rate-deteimining. 

ledoeda&lil o alternativ metho In medium consistency, bleachlng which hfie 
caled d~ntilc an as ga n sed on the-recogn-ition that- the- ,beaclog whch 
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rate of diffusion of bigaching chemicals across an immobilized liquid layer is the
rate-determining step. 
 In his process, the bleaching chemicals are moved con
tinuously through the pulp. 
 By passing the bleaching solution through a layer of

pulp, displacing the liquid already present in the pulp layer, the bleach is in
 
constant motion relative to the pulp fibers. 
 The rate of mass transfer to the

fiber wall is greatly increased. Bleaching, washing, and extraction solutions can

be passed through the pulp in sequence with little mixing. 
 He has given an example
of a kraft pulp undergoing five stage bleaching to an 
89.5 brightness in 19 minutes
 
as opposed to several hours in a conventional bleach plant.
 

Another method of limiting the use of water and decreasing the use of energy
that is being taken very seriously in the paper industry is the dry forming of a
 
paper sheet. It is significant that 
for a number of years, "Paprican," a publi
cation of the Pulp and Paper Research Institute of Canada, has listed research areas

in "Novel Methods of Paper Forming," "Fundamentals of Air Jet Impingement on Curved
Surfaces," and most recently "Gas Phase Papermaking," all with I. J. Pye as 
super
visor. 
Web formation with other fibrous materials by air placement is well known,

and attempts at paper formation by the method are not 
new but are continuing. The

main problems involved are even formation of the sheet and fiber bonding. 
The latter can presumably be accomplished with resin additives, so even formation is clear
ly the limiting problem. It is obvious that the first applications will be in paper
board where formation is least critical. It is my understanding that a dry-forming

paperboard production plant is now operating in England.51 Although not directly

related to the title of this paper, this topic appears of sufficient significance
 
to warrant mention in passing.
 

b&Usc_ of Eilectrolytic Processes
 

Returning to the recovery of values in pulping wastes, I should like to comment

briefly on the possibility of using electrolytic processes for various purposes. 
 In
 a recent publication, the use of electricity from the Aswan dam to produce hydro-en

for ammonia synthesis was described. This is not, I believe, economic in the United
 
States and suggests that electricity may be applicable here in processes that would
 
not be attempted in the United States. Nevertheless, Herrick and Hergert emphasize
that one of the most pressing needs of the pulp and paper industry is for separating

or purifying processes, and they suggest that ultrafiltration or electrodialysis may

provide suitable routes for recovering sugar or sugar derivatives while purifying

lignin fractions. This is by no means 
impossible. Goring demonstrated the separa
tion of lignosulfonic acids from salts and sugars and the concentration of the lig
nin fraction by a process of electrodecantation. 52 In this process, the sulfite

liquor is electrolyzed within a semipermeable membrane. The small 
ions pass through

the membrane and the lignosulfonates collect at the membrane surface and form a solution of high density which settles to the bottom of the container and can be with
drawn. Various refinements of similar systems have been suggested for separation

of the three classes of components on a commercial scale.
 

Electrolysis may also be a feasible alternative in Egypt to causticization
with lime of recovered soda solution. Presumably sodium hydroxide and hydrogen

would be generated at 
the cathode and oxygen, carbon dioxide, and silica sludge

at the anode. Hydrogen could he used for chemical 
purposes or fuel and oxygen

utilized in bleaching or for other purposes.
 

A considerably cheaper process ha% 
recently been disclosed by Allied Chemical

Corporation. "his process utilizes electrodialysis with a bipolar membrane and a
54 
cation selective membrane.' 3' In some applications, an anion selective membrane
 
may he used as well. Batteries of these electrodialysis cells are set up and in

the presence of a salt split water into hydroxide and hydrogen ions, without the

generation of molecular hydrogen and oxygen (Figure 3). 
 It has been developed as
 a method of recovering sulfur dioxide absorbed from power plant stack gases in

solutions of sodium hydroxide and sodium sulfite. 
The developers claim lower
 
costs than a limestone throw-away disposal process and another regenerative "Davy
Powergas" process. The theoretical power requirement for generating a ton of sodium
 

http:electrodecantation.52
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hydroxide is 500 kilowatt-hours. Presumably electrodialysis of sodium carbonate
 
would produce sodium hydroxide and carbon dioxide and silica sludge but no hydro
gen or oxygen. Capital investment is reported to be less than for electrolysis

and energy consumption substantially lower. In view of the difficulties of lime
 
regeneration caused by silica contamination, perhaps the application of this process
 
should be considered.
 

In closing, it should be emphasized that most of the processes described in
 
this paper are most useful for recovering value from liquors containing substantial
 
quantities of organic wastes. Nevertheless, the initial point that was made de
serves reemphasis. Any method which permits the replacement of a low yield chemi
cal 	pulp by a higher yield product is probably of maximum benefit. Sometimes this
 can 	be done by rather simple modifications of current practice. For example, recently

a two stage process for the pulping of hardwood chips was described that produced a
 
pulp in 80% yield that was 
free of fiber bundles.5 5 The process consisted of impreg
nating mixed hardwood chips with aqueous sodium sulfite solution containing 7% of
 
the wood weight as chemical. The impregnated chips were heated and defiberized at

1600 to 1700 C. in an Asplund-type digester producing coarse pulp in about 90% yield.

A subsequent treatment with 0.6% sodium hydroxide and compression to 25% consistency

followed by one pass through a Batier double disk refiner under compressive stress
 
yielded in 80% overall 
yield a pulp free of fiber bundles that could be blended with
 
the sulfate pulp to produce saturating paper, printing paper, and several kinds of

converting paper. 
The 	pulp provided bulk, opacity, absorbency, and dimensional sta
bility greater than kraft pulp. 
This kind of simple, well-chosen process modifica
tion can also make a very significant contribution to minimizing waste from pulping
 
processes.
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Table 1
 

Uses for Crude Spent Sulfite Liquor (Concentrated)
 

I. 	Fuel 
for heat and power generation, with in
organic chemical recovery.
 

2. 	Manufacture of dispersants and oil well drill
ing mud additives.
 

3. 	Additive in animal feeds at 4% by weight.
 

4. 	Soil stabilization, binder; dust abatement.
 

5. 	Extender for phenolic and urea resin adhesives
 
for plywood and particleboard.
 

6. 	Binder for coal, 
ores, and dry minerals.
 

7. 	Mineral treatment, processing, and refining.
 

8. 	Raw material for vanillin production.
 



Table 2
 

Fibrous Raw Material Analysis
 

Essential Chemical Constituents
 

Fiber Source Ash, 


Wheat straw......................... 6-7 


Rice straw .......................... 
14-20 


Esparto ............................. 
 6-8 


Sugarcane (rind fibres) ............. 2 


Reeds............................... 
 3-6 


Bamboo.............................. 
1-2 

Leaves ............................ .6-12 

Deciduous wood...................... 
 1 


Coniferous wood ..................... 
 1 


Lignin, 


16-17 


12-14 


17-19 


19-21 


18-22 


24-29 


7-10 

23-30 


26-34 


Cross+Bevan 

Pentosan, Cellulose, 

27-28 52-54 

23-25 46-49 

27-32 50-54 

30-32 59-62 

28-32 52-58 

16-18 60-63 

17-24 70-80 

19-26 54-61 

7-14 53-62 
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Table 3
 

Operating Data for 100 B.D. Tons Day
 
Bagasse Recovery Plant
 

Pressure 3000 P.S.I.G.
 
Temperature 6080 F.
 

Input 


Black liquor solids (lb./hr.) 


Water with black liquor (lb./hr.) 


Pith solids (lb-/hr.) 


Water with pith (lb./hr.) 


Air flow (lb./min.) 


Air compressor power (hp.) 


lip. Pump Power (hp.) 


Output
 

Net process steam at 
800 P.S.I.G. (Saturated) (lb./hr.) 


Generated electric power (hp.) 


Soda in oxidized liquor (as lb. 
equivalent NaOll/hr.) 


Water with oxidized liquor (lb./hr.) 


No With 
Pith Pith 

11,000 11,000 

88,200 88,200 

2,100 

2,100 

786 980 

5,420 6,800 

400 430 

30,000 38,000 

5,420 6,800 

4,200 4,200 

20,000 20,000 



Table 4 

Silica Content of Various 
Pulp Mill Liquor Sunples 

Liquor Type 

Abaca 

Oxidation 
Treatment 

Lab. 

Black 
Liquor, 

Si/N:i x Iv3 

S.54 

Oxidized 
Liquor, 

Si/Na x 103 

2.75 

Si 
Removcd, 

% 

68 

Bagas c 

Bagasse- with pith 

Lab. 

Lab. 

86.3-1 

222.45 

9.6 

10.11 

89 

95 

Lab. 63.69 7.67 88 

Euca 1' tus Plant 4.00 1.3 68 

Synthetic It Lab. 6.93 0.43 94 
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Table S
 

Settling Time for Oxidized
 
Bagasse Liquor Solids
 

Settling Oxidized Liquor

Time, Settled Solids,
 
Hours
 

0.00 
 0.4
 

0.25 
 1.1
 

0.50 
 1.3
 

1.00 
 1.4
 

2.00 
 1.4
 

4.00 
 1.4
 

24.00 
 1.4
 

Table 6
 

Laboratory Oxidation of
 
Bagasse Black Liquor
 

(1 Hour at 6080 F.) 

Bagasse 
 Bagasse Plus Pith
Black 
 Oxidized 
 Black 
 Oxidized
 
Liquor Liquor Liquor 
 Liquor
 

C.O.D. g./l. 
 63.4 
 6.4 80.9 
 5.4
 

% C.O.D. reduction 
 --- 90.0 
 --- 93.3
 

Total solids g./l. 27.3
70.0 
 79.7 
 29.9
 
Ash g./l. 
 28.7 
 23.2 
 34.1 
 26.0
 

pH 
 12.2 
 9.0 11.1 
 9.0
 
Volatile acids as 
 6.1 
 3.8 
 5.7 
 1.7
 
acetic acid g./l.
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The Silica Problem in Black Liquor from Rice Straw Cooking
 

A. S. Sekina
 
Chairman
 

National 	Paper Company
 
Alexandria
 

This 	essay deals with the desilicification of black liquor from rice straw cooking
to facilitate its use during the soda recovery process. 
 If the silica content of the

black liquor is 
more 	than 5 g./l., it will tend to deposit and form scales on the inner
walls of the evaporiser pipes. 
 In this case, frequent chemical and mechanical cleaning

of the evaporiser is necessary, resulting in loss of time, decrease in efficiency, and
 
an increase in cost.
 

Studies on desilicification of black liquor were based on 
the following:
 

1. 	 By treating black liquor with CO2 gas or flue gases. 
 Silica precipitates

below pHl9 and above p1H 6.5, and the precipitate is easily filterable.
 

2. 	 By treating black liquor with Ca(OH) 2
. The sludge of SiO2 and Ca(OH)2
precipitates. 
 This sludge is bulky, contains an appreciable quantity of
 
black liquor, and is not easily filterable.
 

3. 	 By addition of NaOll 
to black liquor. NaOH is added to increase the NaOI:
 
SiO, 	ratio, in order to keep SiO 2 in 
a soluble state during evaporation.

The added NaOtl will be regained during the recovery process.
 

4. 	 By storing or aging the black liquor for a few days. 
 The SiO 2 in time is
 
separated and precipitated on 
the bottom of the container.
 

5. 
 By treating black liquor with slightly acidic chemicals, such as NaHCO3,
MgC12 , MgSO4, etc. The SiO 2 can be precipitated and separated.
 

All studies made on desilicification can be summarized as 
follows:
 

Treatment with CO2
 

Schwable, L. Kuna, and I..(;raber. Silica in solution 
can be precipitated by acidicreagents such as CO2 . The silica practically begins to separate after all the free

alkali is changed to carbonate about p11 9. 
The efficiency of desilicification by CO2 is
independent of the initial concentration, while it depends on 
the silica which remains

soluble after CO- treatment and on the initial Na20:C0 2 ratio in the black liquor.
 

'ne trials of desilicification were done by (:02 
in the pilot plant until I gram SiO2
 
per litre remained in the soluble state. 
 Tle efficienc; was calculated as follows: (1)
The initial concentration of SiO-, was 3() g./l, and after treatment with CO2 it droppeddown I gm./l. T'e efficiency of desilicification = 29/30 = 96.67%. (2) 	'he initialconcentratio'1 of SiO ) was 10 gm./l. and after treatment with C02 it Jropped 1 gm./1.

fhe efficiency of desilicification = 9/1,1 = 90%.
 

Schwable and the others 'reated thc. warm black liquor with a flow of air containing
10% CO). "Thc tr als showed that the precipitation of silica depends on the absorbedquantity of C02 and that a concentration of SiO 2 of 0.2 -0.4 gm./L could be reached after 
rcatment with t-2 , 
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Sekina in Rakta Pulp and Paper Mill, 
Sekina and Aime from the technical department
of Rakta Pulp and Paper in Alexandria made a trial 
to separate silica from black liquor
at room temperature (280 C.) by treatment with CO2 generated from Kipp's Apparatus. 
Th.


results were as follows:
 

ANALYSIS OF INITIAL BLACK LIQUOR
 

Dry content after total evaporation 69.93 gm./l.
 
Mineral ash after ignition 
 18.03 gm./ 
Loss on ignition ("mainly organic matter") 51.90 gm./l.

SiO 2 3.33 gm./l. 

Free alkali 
 2.48 gm./l. 
pH 
 10.7
 

The black liquor was then treated with CO2 for 90 minutes at
cipitated in 288 C. SiO 2 was prea colloidal state which was very difficult to filter. 
 The filtrate was
found to have the following composition:
 

Dry content after total evaporation 67.48 gm./1.
 
Mineral ash after ignition 
 15.83 gm./l.
 
Loss on ignition ("mainly organic matter") 
 51.65 gm./l.
 
Si0 2 2.13 gm./l.
 
Free alkali 
 Nil
 
pH 6.5
 

From these results it was found that the precipitate was mainly Si0 2 bound with asmall amount of organic matter and that only 36% of the total silica was removed.
 

The precipitate obtained after filtration from 100 ml. of black liquor was 2.45 gi.
It was 
found that the precipitate had the following composition:
 

Total mineral weight of precipitate 2.45 gm.
 
Ash after ignition 
 2.20 gm. 
SiO2 in ash 1.20 gin. 
Organic matter 0.25 gm.
 
Nonsilicious ash 
 1.00 gm.
 

Treatmeit with Ca(OH)2 

Fj.N. E. Guen. From black liquor containing 7 to 10 gin./1. Si0 2, 90% of the Si()
can be separated in 5 to 
10 minutes by treatment with Ca(Oi) 2.
 The effect of lime is
especially selective when the sedimentation is done with fresh black liquor. 
 The result
of the separation of SiO 2 from black liquor after treatment with 55 gm. CaO per liter
of black liquor for 10 minutes at 80* C. was as follows:
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Black Liquor Black Liquor

Before Treatment After Treatment
 

Dry content, am./1. 136.23 
 131.62
 

Loss on 
ignition of dry content, % 54.65 
 54.00
 
Mineral ash of dry content, % 45.35 
 46.00
 
Ca 0 gm./1. 
 --- 1.28
 
Na2 0 gm./1. 
 18.6 23.25
 

Dr. Lengyel from The Pulp and Paper Research Institute, Budapest, treated the black
 
liquor at boiling temperature with 200 gm. CaO per liter of black liquor. 
The SiO 2 decreased from 9.34 gm./l. to 0.66 gm./l. 
but only 50 to 80% of the treated black liquor
Lould be obtained because of the voluminous sludge and the difficulty in washing it. The
sludge therefore bound to it about half of the black liquor's volume.
 

Storing or Aging of Black Liquor 

Sekina and Aime'noticed during working on 
rice straw black liquor at Rakta Pulp and

Paper in Alexandria in November. 1963 that 
a light brown precipitate settled follcwing a
few days of storage in i closed :ontairer. Analyzing this precipitate, it was fourd to

be mostly SiO 2. It was 
found also that the pH was decreased by aging. Initially, the

pH1was 10.7; during the third and fourth days of storage it was 10.0; on the fifth day it
 was 9.5; and on the 15th day, 
it was 6.7. This decrease in pl is an indication that cer
tain reactions occurred, neutralizing the free alkali and extending into the acidic range.
One explanation can be that 
the black liquor is liable to decompose with time because of
 
the act:vity of carbohydrates, which evolve C02 gas that is responsible for the decrease
in pHi and the precipitation of SiO 2. Alternatively, the container may not have been well
 
closed, and CO2 from the surrounding air reached with the black liquor. 
 In any event,

the SiY) which settled upon storage in the container prove' to be easy to be filtered.
 

The analysis of black liquor after storage for different times was:
 

Storage, 
Days 

p1t Total Ppt., 
gm./l. 

Total Ash, 
gm./l. 

SiO 2 Removed 
gn./1. 

SiO 2 
Remaining 

gn./1. 

0 10.7 0.0 0.0 0.0 3.33 

2 10.3 2.096 1.28 1.045 2.29 
3 10.0 4.035 3.002 2.476 0.86 
1 10.0 ..368 3.389 2.468 0.87 

5 9.5 4.706 3.,197 2.57 0.76 

Seventy-four percent of the total silica content 
in black liquor could be removed
 
after three days of storage.
 

_perimental Work in lhe Pulp and Paper
Sesearch Institute, Budapest 

In March 1965, Drs. Lengyel and Sekina performed laboratory experiments on black
liquor treated with (:a(O11)2 in different amounts (100%, 400%, and 600% of CaO in pro
portion to SiO 2 content). The black liquor was freshly prepared from a rice straw cook
in the pilot plant of the institute. 'lhe fresh black liquor was divided into two portions.

'Ibe first portion was kept in a big bottle well lealed with raraffin oil and the second
portion was kept in ;,n ordinary rea.ent bottle without sealing. 
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The fresh liquor analyzed as follows:
 

Specific gravity at 200 C. 
 1.05
 
Dry content 
 98.80 gm./l.
 
Loss on ignition of dry content 
 62.37 gm./l.
 
Mineral ash of dry content 
 36.43 gm./l.

Si02 
 7.3 gm,/1.
 

Total alkali as Na20 
 20.25 gm./l.
 
Free alkali as NaOlH 
 1.75 gm./l.
 

After analysis, the black liquor was treated with Ca(OH)2 and 12 days allowed to
pass. Three samples of 50 ml. 
each of black liquor were taken from the paraffin-oil
sealed bottle and treated with different amounts of commercial CaO (200%, 400%, and
600% calculated as 
100% pure CaO) at 200 C. for 10 minutes. Every sample of CaO was
mixed with 50 ml. of water and then added to the 50 ml. 
of black liquor to make the

diluted concentration about the same as the diluted black liquor coming from the washing

section at Takta. 
The treated portions were mixed for 10 minutes and then filtered.
 
The filtrates were analyzed with the following results:
 

Dry Content SiO 2, CaO,
 
gm./1. gm./l. gm./l.
 

Fresh black liquor 98.8 7.8 ---

Original black liquor, 89.7 
 1.8 0.008
 
12 days old
 

Original black liquor 81.1 
 0.5 1.176
 
treated with 200% CaO
 

Original black liquor 79.6 
 0.45 2.00
 
treated with 400% CaO
 

Original black liquor 
 81.3 0.52 4.224
 
treated with 600% CaO
 

It was shown from the analysis that the SiO 2 after 12 days of black liquor storage
under a paraffin oil seal was decreased from 7.3 gm./l. to 1.8 gm./l. in spite of no
 
contact with air.
 

After 45 days of storage under paraffin oil, the black liquor was analyzed. At the
 same time a sample of black liquor kept in a normal bottle without sealing was also
 
tested. The results were as follows:
 

Dry Content SiO 2
 
gm./1. gm./l.
 

Fresh black liquor 98.8 
 7.3
 
Black liquor sealed with 87.7 0.63
 
paraffin oil 

Black liquor unsealed 88.0 
 0.36
 

It is clearly shown that SiO 2 decreases in black liquor under storage, whether
 
sealed by paraffin oil or not. 
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Three portions of black liquor after 45 days of storage under paraffin were taken
and treated with 200%, 400%, and 600% CaO at 500 C. for 10 minutes. Analysis of the
 
treated black liquor was as follows:
 

Dry Content SiO CaO
 
j". /I1. gm./i, gin./1. 

Original after 45 days 
 87.7 0.63 0.008
 

Black liquor treated with 88.1 0.16 
 1.67
 
200% CaO
 

Black liquor treated with 84.4 
 0.07 1,94
 
400% CaO
 

Black liquor treated with 
 86.6 0.024 2.4
 
600% CaO
 

From the analysis it was found that silica decreased from 0.63, 0.07, and 0.024

gm./l. by treatment with different amounts of CaO at 500 C,
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Papermaking fibers produced by pulp mills are not suitable as 
such for the manufactur!
of paper. Stock preparation covers operations such as 
repulping and blending of different
types, addition of various chemicals and fillers, and mechanical treatment necessary to
make fibers suitable for forming into paper sheet. 
 Different methods and technologies ar(
applied to produce different paper grades. Different types of paper are given in Appendi,

1. 

Technology in the following areas are 
lacking:
 

Fillers and Loading
 

Inorganic natural 
or synthetic pigments are incorporated into paper or board as 
fillers to fill 
air space between cellulose fibers in order to get improved texture 
and feel,
high print quality, control of strike-through, and opacity. 
The most commonly used fillers are clays, calcium carbonates, sulfates, silicates, and high strength pigments (e.g.,

ZnS and Ti0 2).
 

To be learned 
is the technology of addition of fillers, filler retention, filler distrihution, and filler properties (e.g., 
refractive index, oil absorbancy, opacity, scatter
ing coefficient, printing opacity, brightness, and structure of particles, such as 
specifl
gravity, dirmeniions of dispersed particles, and abrasiveness.
 

Internal Sizing
 

Piper and hoards are ized for satisfactory performance upon contact with various
liquids. Writing papers must be sized so that 
inks do not strike too deeply into or
through the paper. The 
rate of water penetration into bag and other wrapping papers must
be slowed down. The internal sizing process incorporates resins or synthetic sizes or
 
paraffin emulsion into the furnish.
 

Techniques to learnedbe include: 

0 'teasurements of pore sizes by the huhles * Sizing variables due to pulps.
point tester. .
 Technology of rosin application.
* Bonded fiber area . * Retention of rosins,


* Determination of intrafibre penetration 0 Distribution of size.
(Valley size or KBR tester). 9 Synthetic sizes. 

* Manufacture of ro.in ;ize. S Wax emulsions, 
* Rosin di ;persion-. 
* EmulIsifi ration of rrr.inr ,size 

C;urfacSi? or i rfa(" Jrcatment 

Sijrfacc tr,!atrniuct i, a hiro:l term for the :ddition of dry- or wet-strenpth additiveswith or wct io t pji rnwrt,,, A rch, or (:(: upon the :;'rfacs of an already formedor board. The t-.rc j,ue, toihr- l.arriccd incl de application 
web 

at wet end an(! press section 
and ,ize pre'. 
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The interest of the pulp industry in nonsulfur pulping arises from the need to mini
mize environmental pollution. 
 One 	of the problems of soda-oxygen pulping of wood is the
difficulty of penetration of oxygen into regular size chips (1). 
 Thus, when wood was

cooked in chip form, only the surface of the chips was cooked, with the center remaining

uncooked. The basic problem is the 
contact between oxygen and lignin (2).
 

Precooking of the chips 
in alkali before the oxygen cook with or without a fiberizing

step between the 
two stages has been developed (3,4). Recently, thermomechanical fibers

of spruce, pine, and hardwoods were used instead of wood chips in oxygen-alkali pulping

(S).
 

In 
contrast to wood, the open structure of bagasse and rice straw allows easy diffusion and penetration of chemicals. 
 Bagasse and rice straw are the two main fibrous 
raw

materials for pulp and paper production in Egypt. The loose structure of these raw mater
ials makes it possible to accomplish oxygen pulping in 
one 	step without fiberization (6).
 

Soda-oxygen pulping has ;om(, attractive features:
 

1. 	Soda-oxygen pulping gives higher yields and lower lignin contents than soda
 
pulping.
 

2. 	One of the characteristics of soda-oxygen pulps is that they beat considerably

faster than kraft pulps (7). 
 This easier beatability of the soda-oxygen pulps
is quite evident with the higher yield pulps. 
 It was found that the oxygen pulps

required one third of the beating energy of conventional kraft pulps.
 

3. 	A second feature of sod--oxygen pulps is that at any given freeness, these pulps
form a denser sheet than kraft pulps of the same kappa number when unbleached 
(7).
 

4. 	Fully-bleached pulp 
cannot he produced unless chlorine chemicals are applied.

However, when the soda-oxygen pulp is bleached with chlorine chemicals, the
 
chemical consumption is less than that in the bleaching of a sulfate pulp with
 
equivalent kappa number. 

Soda-Oxyven Pulping of Iagass. 

Pulping hagasse with ;od;j-oxvgen resulted in an increase in pulp yield from 6 to 10'.
c,ver that obtained from soda pulps prepared under the same 
 pulping conditions. Thus, with
1SA, alkali at 5 kg./(m. 2 oxyge.n pressure, the yield was 67% compared to 62% in case of 
soda pulping. 

'lh(- I i gin content dec reased cons i(erably with increasing oxygen pressure. The degree of reduiction in li t,.in contrt depenId, on oxygen pressure. Thus, on using 5 kg./cm. 2 pressure, the lignin content or the prodiiced pu lp was decreased hy about 22%. Applyin R
10 kg./cm." oxygen prenssure' roulted in a reduction of lignin content by about 40%. Because of the Iowe lii.gin content, pill p, prepared in this manner will require less bleach
in;,,; thi s, a prodiu( t ion csj;t savings could he real i zed. 
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Strength properties of the oxygen pulps were a function of oxygen pressure. 
 Opti
mum strength properties were obtained at 5 kg./cm. 2 . Soda-oxygen pulping resulted in a
 
9 to 11% increase in breaking length and 22 to 36% 
increase in burst strength compared to
 
soda pulping, whereas the tear factor was improved slightly. Increasing oxygen pressure

above S kg./cm. 2 resulted in a decrease in strength properties.
 

Soda-Oxygen Pulping of Rice Straw
 

Soda-oxygen pulping of rice 
straw showed the same trend as that observed for bagasse,
i.e., higher pulp yields than those obtained with the soda process. At 1000 C., an in
crease in oxygen pressure from 0 to 10 kg./cm. 2 was accompanied by a 6 to 8% increase in 
pulp yield. The increase in pulp yield at 120. C. amounted to 4 to 7%. 

A signi,'icant decrease 
in lignin content was achieved by the soda-oxygen pulping of
 
rice strtw. At 5 kg./cm.- oxygen pressure, about a 25% reduction in lignin content can 
he achieved. \t 1000 C., increasing the oxygen pressure to 10 kg./cm. 2 resulted in about 
a 45% reduction in lignin content. 

Soda-oxygen pulping at 5 kg./cm. 2 oxygen pressure gave pulps with greater strength

properties than those of the corresponding soda pulps. The increase in strength proper
ties was more pronounced at 100 ° C. than at 120' C. and amounted 
 to 11 to 13% in breaking
length and 10 to 17% in burst strength. In addition, a considerable improvement in tear 
was obtained. Once again, increasing the oxygen pressure from 5 to 10 kg./cm.2 had a 
detrimental effect on -,trength properties at all test conditions. 

Oxygen Bleaching 

ihe use of an oxygen stage can replace the chlorine and extraction stages in the con
v ntional CL(I and lll bleaching ;equences. By partially replacing the chlorination stage
)y an oxygen/alkali stage, BOD and color of effluent water from the mill can be reduced
 
considerably (8).
 

Ox'gen-alkali bleaching has been applied to birch sulfite dissolving pulp (9). 
 This
 
pulp ., bleached by an oxygen-hypochlorite treatment. No inhibitor such as magnesium

compound, was used, as the aim was to reduce viscosity.
 

A . (,rldwide drive to reduce water pollution from pulp bleaching plants has resulted 
in mill-'cah application of oxygen-alkali delignification in South Africa, Sweden, France, 
th, lJnited States, and Japan (8). The waste liquor from washing of the oxygen pulp is
 
recirculated and used in brown 
 stock washing. Thus, most of the organic matter dissolved 
durin;, the /xen-alFal*sta;!e goes into the mill's chemical recovery system. 
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In this article, recent research activities will be reviewed involving wood-like cellu
lose-polymer cumposites, finishing of paper (paper-polymer composites), and lignin Jtructure
 
and uses.
 

WOOD-LIKE CELLULOSE-POLYMER COMPOSITES
 

ltood-plastic composites -ould have a promising potential for industrial and engineering
 
uses, and since the mid-1950's, extensive research and development work has been carried
 
out on the subject of making wood-plastic combinations.
 

The first series of experiments was performed in this laboratory with bagasse pretreated
 
with a methanol-benzene mixture, water, dilute alkali, and acid in the hope of resolving
 
some of the polymerization difficulties encountered in preparing ligno-cellulose-polymer
 
grafts. Results of polymerization reactions have been reported in nine reserach articles
 
describing the processes and the factors affecting the graft polymerization. Four of these
 
articles were based on work done in the Institute of Macromolecular Chemistry in Darmstadt
 
during my stay in West Germany on a Humboldt fellowship. The rest of the articles were
 
based on work in my laboratory here at NRC.
 

The processes followed in graft polymerization ar a modified ceric ion process de
veloped by us in Darrstadt and the sodium bisulfite-soda lime glass process initiated in my
 
lab in Egypt. The most recent process is development of the second process to use clay
 
and kaolin instead of the sodium bisulfite-soda lime glass system. 

The prepared ligno-cellulose-polymer composites were pressed under controlled tempera
ture and pressure to obtain wood-like composites. The latter are denser than the natural
 
wood, and their specific gravities usually fall below 0.85-1.15. The compression strength
 
reached 1.8 ton/cm.2 and the deformation 7%. Wood-like composites also resist decay and
 
att,,ck by fungi even when soaked in water for more than 40 days.
 

The second series: of experiments was carried out to determine the influence of polymer
 
loading and the type of ligno-cellulose on the wood-like composite properties. Variation
 
of the pressure and temperature during the molding of the wood-like composites and their
 
influence on the latter properties were also considered. Results showed the achievement
 

2of wood-like composites of compression strengths exceeding 20 ton/cm. . The induced changes 
in the electrical resi;tance by gamma radiation was measured for some wood-like cellulose
polymer composites. Increasing the percentage of the polymer in the composite samples
 
resulted in an increase of the activation energy. The resistance changes to a lower value 
by gamma irradiation. This may let such composites be used as gamma dosometer in the mega
rad range. 

PAPER- POLYMER COMPOSITES 

Pe3arch currently under way in thi, lab on paper-polymer composites was preceded by 
,1 ,dius oif the properties of paper prepared from chemically modified fibers. Increased 
,t r:rie.th and decreasirig opacity were achieved for paper prepared from carhoxymethylated 
pulps b.cause of inc reased int erf'i br ill ar bond i ng. Partial transformation of sodium car

iox'rymth/ I .: I Iu I ol e t o t he free ac id form resu I ted in a considerable increase of the paper 

http:r:rie.th
http:0.85-1.15
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strength and opacity. Pulp acetylation resulted in decreased strength properties. 
These
 
were regained through carboxymethylation of the acetylated fibers, and a tremendous increase
 
in tensile strength was achieved that was higher than for paper formed only from carboxy
methylated pulps of the same degree of substitution (D.S.). However, the opacity was re
duced considerably, as well as the tear resistance. 
For such paper, the fiber bonding was

ascribed to an electroztstic attraction between the positively charged acetyl groups and
 
negatively charged carboxymethyl ones.
 

Research on paper-polymer composites implied addition of polymer and modified starch
(oxidized and grafted with polyacrylonitrile) while beating the pulp stock during the pro
cess of papermaking. The results showed that the sizability increased much more by addiLion
 
of polyacrylonitrile grafted starch than by oxidized starch and polyvinyl alcohol. 
 Modifi
cation of the polyacrylonitrile grafted starch leads to 
still more improvement of the

sizability. The fold endurance and tensile strength also were improved.
 

Filling of paper with modified china clay and koalin was another aim for the present

research on paper finishing. Encouraging results have been obtained by grafting both sub
stances with vinyledene chloride and methylmethacrylate by a process initiated in this

lab. Also, an emulsion from such mixture was obtained which will find its use in the coat
ing of paper.
 

LIGNIN STRUCTURE AND USES
 

In previous work, alkali 
lignins isolated under mild conditions from cotton stalks and

bagasse are actually low molecular weight aromatic compounds, the so-called alkali hemilig
nins. 
 Woody cotton stalks and nonwoody bagasse contain lignii and hemilignin but in differ
ent ratios. Alkali hemilignins isolated from both types of plant have the same skeletal
 
structure. 
 The latter consists mainly of condensed and uncondensed guaiacyl units and, if

already present in the plant, of p-hydroxyphenylpropane units. However, the difference be
tween bagasse and cotton stalks hemilignins lies mainly in the type of linkages (beta-aryl

ether linkages and alpha-vinyl linkages of the phenyl coumaran type).
 

Recent research in my lab includes studies 
on the structure of some organosolve lig
nins. 
 Inspection of IR spectra of organosolve lignins isolated from woody cotton stalks by

using different acidified organic solvents and two different mealis of extraction (separately

and successively) revealed differences in the structure of the isolated lignins that were
due to differences in the manner of extraction and the solvents used. 
 In general, all or
ganosolve lignins showed polymeric association of hydroxyl groups, C=N and stretching vibra
tion of C-H of the saturated hydrocarbons. Free hydroxyl groups were only present in some

of the isolated lignins. In the carbonyl region, it was possible to note specific frequen
cies for the stretching vibrations of different types of carbonyl functions; two quinonoid

carbonyls in two rings, two quinonoid carbonyls in the same ring or aliphatic ketone in

conjugation with C=C, saturated aliphatic aldehyde, ar,1 ketone orc-0 unsaturated aldehyde,

and aryl aldehyde or saturatyd open chain ketone. 
 The ratios of the intensity of carbonyl

bands to the band at 1515 cm- due to C-H stretching vibration in the benzene ring are in

general higher for lignins isolated by successive extraction than those isolated by separate
 
one. Also, for the 
lignins isolated by the former manner of extraction, the intensity

ratios of some of the carbonyl bands increased with the order of the solvent used for ex
traction. 
Most organosolve lignins showed vicinal trisubstituted aromatic structure and
 
some showed the presence of 1,3,5-trisubstituted aromatics. Few possessed para substituted
 
(or to a lesser extent unsymmetrically trisubstituted aromatic structure), o-disubstituted,

m-disubstituted, or hexa-suhstituted aromatic structure. 
However, all the isolated organo
solve lignins except onp showed the presence of 1:2, 1:4, or 1:2:4 aromatics. Organosolve

lignins consisted of one or more of the following units: 
 condensed guaiacyl, uncondensed
 
guaiacyl, and syrangyl and showed absence of conjugation with the aromatic ring.
 

As regards the uses of lignin, it was possible to prepare dyes suitable for nylon and

wo'l from alkali lignin. This was registered as an Egyptian patent. Study of the effect
 
of substituted groups of alkali lignin dyes on 
the light fastness of the dyed nylon and wool

revealed that the greatest light fastness was for the nonsubstituted lignin dye. Substi
tuted 
lignin dyes with electron repelling or attracting groups showed lower light fastness.
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Investigation for the methoxy content and absorption range for the hydroxyl-valence
stretching vibration for the prepared lignin dyes indicated their probable participation

in influencing thL light fastness on the dyed nylon. 
 Increased methoxy content induced

decreased light fastness. Intermolecular hydrogen bonding improves light fastness, while
 
the intramolecular one adversely affects it. For the dyed wool, because of the presence

of the acidic substituent sulfanilic acid group, the lignin dye containing it possessed

the highest light fastness. For other substituted lignin dyes, the dyeability appears to
be q product of the value of a- (Hammett constant) of the substituent and the methoxy
 
content present in the dye.
 

The research work 
was further extended to trace the influence of the different types

of lignin on the effectiveness of the prepared dyes. Thiolignin, hydrochloric acid treated

lignin, and nitrobenzene oxidized lignin were used for the dye preparations. The light

fastness of the dyed nylon decreased because of the presence of sulfur, halogen, or acid
 
group in the prepared dyes, while because of the last named the dyed wool 
showed increased

light fastness. Again, intermolecular and intramolecular hydrogen bonding play a role for
 
those prepared dyes.
 

Successful trials have been carried out to dye mixed cotton and polyester textiles

with the prepared lignin dyes through adjusting the pilof the dyeing bath with buffer
 
solution. Studies to determine the proper conditions of time and ptt were carried out to
 
achieve the greatest dyeability for such textile.
 

Another type of lignin dye could also be prepared through nitration of lignin. The

nitrolignin fraction dye was ieparated and used to dye wool and nylon with a yellow color.
 

An important 
use for lignin is through finding the biological activities of lignin

derivatives. Some investigators prepared lignin derivatives which found use as growth

stimulators for plants and increased the percentage of vitamin C. 
In this lab, lignin

arbamate, nitrolignin, and chlorolignin were prepared and 
are now under investigation.
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Although the first true hardboard to be produced with a considerably high density can
be traced back to the 1920's, it was 
not until 1968 that the first plant was established
in Egypt (at Farascour)--to make hardboard from agricultural 
residues (namely, rice straw).
 

The main steps of production applied at the Farascour plant start with raw materials
preparation and continue through pulp preparation, addition of resin, sheet formation, hot

pressing, and conditioning.
 

Preparation of Raw Material (Chopping)
 

The raw material (rice straw) is delivered to the plant usually in the form of compressed bales. After removal of the binding wire, bales are split by hand before the
material 
is fed to the cutters. 
The cutoff chaff is then cleaned, and the powderized chaff
as well as 
metallic foreign substances are eliminated by means of dedusting units and mag
netic separators.
 

Preparation of Pulp
 

The process used to prepare pulp at the Farascour plant is the Asplund process in which
special equiment called the defibrator is used. 
 This unit is designed for continuous introduction of the 
raw material into a steam chamber (preheater), continuous refining by attrition discs in the presence of steam, and continuous discharge of defibrated fibers.
 

Additives
 

The primary self-bending in the board sheet is caused by the surface tension forces
created by evaporation of water from the structure in the wet-felting process. 
The plastic
properties of lignin and the hemicelluloses remaining in the pulp are not sufficient to
give boards made from rice straw pulp favorable mechanical and physical properties. Therefore, a bonding agent is added during the manufacturing process. This phenolformaldehyde
resin 
(1.5% based on dry pulp) is precipitated among the fibers by adding dilute sulfuric
 
acid to a pH of 4.5.
 

Sheet Format ion 

After the pulp is prepared with resin, 
it is felted for shaping the board. The method
used is the wet-felting process, in which the mat 
is formed from a low-consistency pulp suspension (2%). rhe pulp is delivered by means of a pump to the head box of the endless wire
machine (Fourdrinier machine), where the water is separated first by gravity, then by the
application of vacuum, and finally by pressure produced by rollers. 
 The pressed wet sheet
(moisture content 65%) 
is trimmed to size and then sprayed with paraffin wax by a paraffin
machine before it is conveyed to the hot press.
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Hot Pressing
 

Pressing the fiber mat is carried out in a multilayer (20 layers) hydraulic press
 
heated by hot water (185-1950 C.) and the maximum pressure applied is SO kg./cm. 2. In
 
the press, water is squeezed out, the sheets are compressed to the required thickness, and
 
the resin is cured.
 

Conditioning and Trimming
 

For the finished product to have the proper moisture balance, it is conditioned in
 
a special device (conditioning chambers) in which it is subjected to a relative humidity
 
of 80 to 85% at SO C. up to S hours. After humidification, boards are trimmed to the re
quired size (360 x 122 cm.) using logitudinal and cross trim saws.
 

Product ion of tlardboard
 

The production of hardboard at the Faraskour factory in Egypt began in 1968 and has
 
grown steadily since start-tup:
 

Year Production Year Production 

1968/69 87,980 1974 317,352 
1969/70 223,236 1975 368,725 
1970/71 280,671 1976 339,055 
1971/72 490,864* 1977 182,538"* 
1973 298,346 

Research
 

To improve the quality of the produced hardboard, the main raw material (rice straw)
 
has been blended with other agricultural residues such as cotton stalks, linseed, sugarcane

hagasse, barley straw and reeds. The effect of this blending has been studied with the
 
following results.
 

:otton Stalk Pulp. It was found that blending of cotton stalk pulp with rice straw
 
pulp leads to the improvement of the bending strength of the produced hardboard in absence 
of resin and also with 1.5". and "O . resin (phenolformaldehyde resin). As for resistance
 
to water, it was found that water absorption of the produced hardboard was slightly raised
 
using no resin and blending cotton stalk pulp with rice straw pulp, while water absorption
 
was slight],y decreased when using 1.5' or 3% resin.
 

When using cotton stalk pulp, the percentage of resin required was reduced to 0.5%
 
rinstead of l.S% in the case of rice straw pulp), and at the same time the bending strength 
was raised. This is due to the high percentage of lignin in the cotton stalk (23%) compared 
to that of the rice straw (onlY 97). 

From an economical point of view, blending cotton stalk with rice straw is preferable
 
because of the consumption of the synthetic resin is reduced to about 30%.
 

Other Agr cultural Residues. It was found experimentally that the addition of other
 
agricultural resioj.es (linseed, barley straw, sugarcane bagasse, and reeds) to rice straw
 
improves the phsyical and mechnr ical properties of the produced hardboard remarkably. 

W en I ined iV added, both the bending strength and the water absorption is improved 
whether resin is;used or not. The same hehavior is noticed wh-n sugarcane bagasse and reeds 
are blended with rlr, s r;aw pulp. It,these cases, the percentage of water absorption is 
remarkably lower when linsce.,u pulp i,1blended with rice straw pulp. 

& 18 m,,nrh,; 
611 6 m'onft 1 
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Bagasse: 'AFibrous Raw'Material for Pl n ae 

.in 
 the Arab Republic of Egypt
 

Mlagdy N. MikhailI 
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Edfu Pulp MIill.
 
.. Arab Republic of. Egypt 

*Bagasse consists of thle remnants of sugarcane stalks from which the juices containing Sugar have been extracted by crushing. 
 For decades, bagasse was used exclusively as
fuel in the sugar mills. Small aind older mills need all of. their bagasse for "the generation of process steam. Larger and more moderni mills have a Surplus of bagasse. 
~As' asource of fiber for 'the production Of pulp and paper, bgsei n ftl 

newei' developments'. Major installations came into operation after World War 11. 

Bagasse is discharged continuously from a sugar mill during crushing. A'pull) mill
'is not faced with harvesting problems, but it must provide storage to assure a 
supply offiher" during* the many months' when the sugar mill1 is shut "down. Costwise, it is very ad
vantageous' to 'locate the pull) mill next to the sugar mill.' In,this way, transportation '4costs are avoided,-


Sugar cane is grown innUpper Egypt in the Nile Valley from about 400 km." south of
Cailro to Aswan. It is used' to mak~e'sigar and.'edible' syrup foridomestic consumption and
for export. 'In1967, about 176,500 feddans (about> 183,000 acres) we're 
planted with'cane,

and 5,385,360 tons of cane were harvested that year.
 

Theore are Plans' to inicrease both the area of plantations to about 230,000 feddans ''
 (necarly 240,000 acres) by) 1980 and the yield of cane per feddan by extending thle existing
drainage, and irrigation systems and by increased use of fertilizers and new varieties of
cane'. Presently,; three. main varieties (ifsugarcane,. all' developrd in Egypt, 
are being
 
Planted and grown. TIhey are No. 
310, No. 413 and No. 509., 
 ' 

Sugar mills operate only duiring the sugarcane harvesting season, and in Egypt, the
crushing season runs- 121) to 140 days. 

Iagisse would he available Inilarge quantities to *the 'Egyptian pulp and paper. indus
. try.. The prosent sugarcane produictlon If completely converted into pulp would yield morethan 200,000 tons/year oC bleached pulp. Thec cu ItivatlIon of sugarcane has increased
 

'steadl Iy"over the yea rs ,'aind the governmen t Is plIann Ing further'increases. 
 As an 'incen
tive,' the price of suigarcane has been increased.s'tepwise from L'.E. 2.6/ton if)"1971 toL4.I!.7,5/ton In 1976 (From $3.72' to' $10.73' ait
current exchange rates). At the prevailing
price, it is oxpected that more faurmers WilIIPlant sugarcane in preference to other less
 
Profitabhle crops.
 

Me~re,"'> tire seven sugar oil ls, including the(, new one at. Deshna,' arnd muis 'and 4 theirhliassec outptuts are listed In Tabl 1. Of the seven sugar milis, only one' lHdfu, has a
relatively sill hagasirs pulp mill at'tached "to It. Tlhce actual output "of this 'nill ItPr~etIs about 40 tons/day. Theliavailabil ity of baigasse from the l'dfu sgrmill would 

4"""he qufflcicnt for it Pulp Mill using 140 tons of' bagasso pull) per day, 
"4 

V .VI PULPMIL 

'1110 Eldf 6iulp mill' belongs to the' Soclete des urre td itlei.I a

constructud~btwtwoun' 190.1 ind' 19(6 next to, thle I;4dfiisugar millwhicii has a capalcity oftebctj '1 00,00 tons or guiiran per ycar.,~ It Islocatcd on the wasp bnnk of
4 the Nile 
c 'nl i Iwas~des Ign vI.ncr 1fdf'u,' 17Th tho'produca 60 tons./day of unbicachod bnas pulp. 

<4. 

os
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Yield of ubahed phulp fr~om B fiber~ is about S51~o Thle overall utilization, of hat
1 assc as expressed by the,yield of A fiberiand of unbleached pullp from B fiber amounts to 

about 50 to 52% of the whole bagasse to the depither. 

If a semichemical pulp) is desired, the B fiber is refined. Such at pull) has b~eef)used exporimeontally inl thc( furnish for newsprint and several other types of paper pro
.ducts. Today,:with improvements in depithing and less severe cooking conditions, it is
possible to recombine the' two pulp fractions to obtain at gu : Prade of hagzasse. Pulp.
however, onl the basis of results.obtained with today's depithing and cooking techniques
*using single-stage cooks (as in all other processes),.tile Cusi process has no particular 

* advantage for the. production of hagaisse pulp). The two-stage cook and fractional inter
mnediate screen ing add costs id complications and result in a dilute black liquoi', which 
mans costsn. higher for chemical recovery. 

Pedaco Process. 'fhe first stage of this pulping process incorporates thle impregna
tion, of depithed bagasse with hot black liquor for a short period at atmospheric:

*pressure. This liquor isepledi h 	screw fedrto the continuous digester andwith it. about 1211 of the weight of. depithed bagasse processed. Caustic soda, the cookingliquor, plus steam are added to the fiber as 	 it enters the digester. Pulping is carried
Out inl a vapor-phase cook for :1bout 20 mlinutes. For the various grades of pulp), the.*4 
digest er conditions are show~n in, Table 2, the On]), variable being thle chemicail stage. 

Paper Manufacturing. Ilagasse pulp is used Ii thle furnish for 	all kinds L. Paper: 

0 	 Bond paper; 85 to 100'.; machiin-- speed of 400 to 500 ml./niini.... 

0 	 Tissuie paper; 00 to 87;700 to 1,000 m./inin. 

0 	 Boards; .60 to 100%. .. 

0 	 Kraft for cement .sacks; (0 to 510; 90 g./n.'
 
ci nepack unit Inst alied onl paper machine.
 

0 	 (:orruit ing medittim; 85 to 90".. 

Recover%, of Bagasse( Black L.iqunro.' Only at fewtion,; r r of 	
mills in South Americo have installa f cvry baisslack liquor. Other mills dispose theirp01Ilutt inot prol) Iems. For di ffi cult ies encountered in recovery liquor and have0of 	bagasse black liquor,secuciul ly scling caused by 	 silica, higher viscosities that lower heat transfer in evapora'tors ond create. prob kms for. pumping, one of thle mills in Mexico has., installed'theConlpe I '1111 ;ystenm to replaicu tile, conventional recovery, boiler. The1system dliffers In 

n1si~ tile fluiized bed For combusAt Ion of black liquor at lower, solid content,' thus avold-Iin problems, encountered Ini'saIirig durn g evoporati on and alIlows combustion of 	blackli quor ,jt 37 sailids iac liquor come,; out Of thle eIvaporators at 2210 sol ids, and1.aslvade evaporit or further concent rates it 	
a 

to: 37"U. 

hoil 
Uhe ratLo of' cos5ts to insttil I the Couipuland .s)ys ur with costs to install it recoveryr is 1:1 but hunt, generate~d fromn tile b litkliIquor Is just. enough to,.heait the airniecessniy frcorihustion of h black' liquo'r Ia' th6' fluidized hed.	 

I 

flhowever, the plant many issti 1 ii ia problems, that was the fiist :Installation Ill1);4gass5cillsI Proti Iemr, of hblack Iqu(por, evaporotion were miliIzod , but chemical Ilosses>W~.e 'w it recovery effIclency of compredl~h 	 Cont to 88% reported for the conventIonalrc~cverysystem, Ini thtit mil I whenl It wuiq used.( 

kil torecover I1
ld sid hatd aIninikeuj r :I itnest oie to compensa111to for ;I Iice hilI Idup In tile system. 

A millIthit' InstiiIledt I Iime I lie for ctitist IeIz Ilng dumpud 50%, 1linCe or -O' 

goicb frm f~L~1I a.10cdjt~ltor the 	 i fol6d bagiisc0 pulpIng hits not beun proved to he 1PthoP t th coVentiltl l recovory 4yovem,1A 
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conclusively th:lat fe±w t+echnica l+problems +remaini to be so+lve+d 'for th+e convers+i:ofba-gasse+
 

11e in vdevelopment i i all the' e p Watmeanousspurtcountries an
 

thle +consequent+increase ,in theh +demand++for+paper +products:of )alll!types+ couple1d w;+1 
 +iththe !:' 

++::,+ How ever, :there are:: ! still :problems facing :the utilization of bagasse, ' :mainly: in the +::!ping recovaier)r, ofr bagasseg ckck lil :riquor,that must be solv.....ed to successful
! : p,: and a ss e blaI .. ............ attain : :'++ 

+: 

:'::: : :+: 
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Tliiis prb~f~h~iV~'~iid b'sot&f nsve'-rescarch-work should bec done on 
the extiractioni of the water-soluble.'sugar and salts in fresh bagasse before dcpithing or 
pulping.' Savinigs in'costs' ina'aas iluigfehbgseare considerable. Itis 
also important for newspirnt production from bagasse, as the color of fresh bagasse is 
lighter than stored bagasse and pullp-generated from it has a brightness of 60' GE, which
 
could be used for~ production at' newsprint without any bleaching. 

Ilecove ry 

Chemical recovery in bagasse pulp mills is now becoming a necessity because of the 
ever-increasing size of the mills heing constructed. A mill uinder 100 tons per day Could 
not:.justify the capital Investment for chemical recoey Also, we are on the verge of 
entering a new era in bagasse pulping where complexes arc being considered in the'.300 MT/i 

.day 
 range to produce bleached market pulp from bagasse. Reo very then becomes an integral
part of the design of th'ese mills........ 

'rhe function of the chemical recovery section' is to take-weak 'black liquor from the 
N 
 brown stock.*washers and convert the reusable portion into white 'liquor' for cooking more
 

j~'I7. pulp 'Heat recover), consists of burning the portion of thc. hagasse removed from the pulp
 
to assist in the chemical reaiction 'and also to produce steaim in sufficient quantities to
 
support the process and sipply the steam for digestion. Tlhe overall operation' is goner
,flly called a recovery cycle. 

While krnt't mills are almost always b~uilt with recover), cycles, as the recovery
boiler. is required to convert'the makeup' salt cake (sodium sulfate) *into a useable form,N 
Pulp millIS using hagasse or other agricultural' residues seldom have this feature.. One 

Sreason is that most of these mills, are buil t as cheaply as 'possible to decrease the 
~capital 'cost. Another reason is'that most 'of these mills are small or have a low chemical 

""' NNNi'NN .NNN1'NN N4.' o'i- fuel, cost, ~;4NN;+ ~ i~ +~ ~A recovery cycle for a small mill has a very high 'cost per ton+++ of capacity,i++ , 
, !!N'>'N' :Q g 44 + + . ,' ;N ! ; +;! +, "4 !~i ~~iX!i~ ; ., 

': N + '/ + ,+ + l, +,t'"Nbca~use.i ~4I a recovery11' boilecr~) i; for ,;!iiI wouldii i still cost + 

, 

to $500,000.,: -; <iThe ' N,+ll /ii;'!'IiiI '-4!7N .74 ; it15 ton/day,:! mill i !i+ close +! :. :;; :. ZA? 4N:IIiil ; 241iii7I,1 j{I~.,, i+,,-{I ....!ii7#if ,,+, ;,, I I !I  4 44?+, 4,:. i;;I; , 4I I :iI ;l N'!7 + l'if ! ,4"N i;' :7 +differences from
N'v= i:i-I;<i 1;i!ii; ! iiEgN'Ni4NN'NNiN"'a4N'44Nil'wood' ! pulp 'recovery,NN'4"'N cycle,#'4N''4"'N'aside:I!QII 'N44NNfrom the+ , difference in makeupIN"N" i ,chemicalsN''gi i l],i- N 4"' N i 'A'+;Iii.)!~i= ;N4"''+ ~+ > 
i;i, 4 t'i =,. ' " N'.NiN44. 

i~ il 
'{I:+ .NNil NN'"' .XN+'NN,li;l/ {i~II4'+ + 47iI!i'1 ' 4 ;: 'I.. "' ........ +,:+; ....' iliN'Ni Ilii~ 'N' ;' '4N ii'<NN'7 i
 _ ''"'-'~~i...................... -N ..........
......'between the 'kraft and soda processes,. are. few but very critical. The weak black "liquor

;44N44'44NNN'NN : ii NN"NN4I4'N'IN'N'' N'N144N!i'' Q'ii':I r i'4 : 4i' 'N N'i14'NN'4i!"' 4Yiifrom the brown stock washer in the: case of a.bagasse mill has a lower solids cont'ent than44,4 iN;i'NA-NNW iiii 7N"4a4 i'4N'iNNN'4Nii i~.14 ': A-N ii if 4 ~ 7 444 7 f~'' 414 N"e'44'4?44'N'N"thaet from a wood pulp mill, 'This difference is caused by the 'contained moisture-In the 
biigassc beinig much greater than Is the case ina wood':pulp)mill and the fact that steamN 
is injected directly into the bagnsse inthe digester rather than' Indirectly' heating the 
c.ooking liquor, as Isdone in normal wood pulp cooking, :Slow drainage of bagasse pulp)
comparvid to wood pulp 'isalso a considerable factor in 'low-solids content hagasse black 
IIquor, Bec'ause bagasse contains a high percentage of silica in the pith and fiber, the 
various liqiuors (black,';green, and white) transport 'the silica, which has detrimental 
effect on the'eqjulpment, Brlack liquor Is evaporated to a lower solids content. In the 

N ~multiple-effect evaporator, as the viscosity of the liquor is high.', 

N' 'Aside from the decreased operating cost of it mill with a recovery cycle, a najor 4 

N N 
 enefit' Is that' puilping chemical,%aro not discharged In the effluent. With recovery of. 
ait ueU~r.30" or tht pulping ciernicuIl% in the recovery operation, less than 2010 of the
pulping 4'hericals dis4charged 'Into the offl'ient, ' hils makes the problem of effluent treat-

N 
 meri of :i mi I I ot' this nature mnuch less 'di fficult than -If recover), were not 'used'. 

ficcuiiis~e of' th~ee cone Iderat IUFP of' cconomi! s and ecolIogy.. a hent and chumi cal re
i.ovvry syltcm musrt he-used -for. ti 'lrge ble.!ched pulp illI 

III gh _4I leaccontent arid hItIgh viscosity of the black 11iquor from pulping-of bagiisso
would appetir toN he major problIems inoperating recovory proc.esses, The toncentrat Ion ,of4
i I laelCon va ry wIdoIy, dapond Init ontthe ragIofi I n wh ich enric 1I1.grown, .grow Ing- cond ItI nsA~~~ 

' N' Of It other factor,4 In blauckI liuor iac.uu otypeof n harvest Ingp mothodsq, antd Sil ia ou 
Ing' o f" tho iiuujor sido of mipnorator tubas, nlig for matron In th eo~r o o ti nd 
ihN'N'alt 'i dup tin-the wasils or thu furnocc. It hinder.4 sct t Ii rIg or the nid- ini the re
C&U500,On ti n and general111ly Increnases the chemical lostte.4 it,the cLreul t.,' 

http:ueU~r.30
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livportin cnnt~b~cril176U outeova t'desired "concentration b'cueo te''" 
vsoscharacteristics of th 
 blc liur 
 rnfro a lquors fiom-n 'effect to nextbecomes increasingly difficltas:the viscosity increases rapidly with increasing concen

pratons 
 Anatmpt to lower the vis'cosity by raising the 'temperature would disturb thepoestemperature gradient. If.
the high temperature at the final effect is still maintained, the result will be charring of' the organic 'substances, which. provides the necessarynecessary base for the formationi of scale. The performance of the evaporators will drop
 
rapidly, and eventual])ly e) will, be inoperative.:
 

'Inaddition to the 'viscosity, problem, the presence of silica in high proportions in
the black liquor hastens the process of rapid scale formation. 'The performance of the
evaporating system would be highly unpredictable. Many mills are obliged to drain (bleed)
black liquor to the sewer to mauintain pulp production at the expense of high chemical 
loss
and polluting the environment.
 

Similarly, recovery 'furnace operation becomes' extremely unstable because of wide
fluctuations of liquor concentrations and firing rates. 
 Liquor of low concentration
sprayed to the' furnace requires the use of huge quantities of auxiliary fuel' to support
combustion. 'On many..occasions, this situation cannot continue, long, and unburned black
liquor 'solids continue 'to accumulate in the furnace. Finally, liquor firing has' to'be
suspended and melting the hearth becomes necessary.,"
 

Although the damaging effect of the viscosity ends at this point, the presence of
si lica in the black liquor continues its. harm all the way to the end of the recovery
cycle. 'ingreen liquor, 
silica' appears' mostly inthe form5'of sodium silicate.< presence greatly retards the settling property of 
Its>
 

the lime muid in'th'e recausticizing
stage, which affects th'e white liquor 'and clarification and causes high' chemical losses
through. the lume mud. RebUrning the lime mud for' the regeneration. of quick lime is'
difficultbecuse of, the prese'nce of silica. 
 Furthermore, 'silica'builds upaccumulatively
in the system unless' a ;sizable portion of the' lime mud is thrown out and makeup limestone
qu~:ntity is 'Increased to compensate for this loss. '',. 

This orto operation 
can hardly achieve any economic success, aside from the
totall1y unsatisfactory lime kiln operation, 
 To reduce viscosity problems, it has been.found beneficial to maintain a free alkali 
level in black liquor from '4to 6 gm/ht as
Na
2
)O. 'Doing so, however, could not help at high black liquor concentrations, i.e., more

than 00% solids content,
 

The Installation of a Coupeland system does readily help in reducing the problems
Cluiscd by viscosity and scaling, as itneeds black liquor at; low 
 solids, content (22%)from the outlet of the evaporators and 37%after cascade. For the present installation
at a bagasse mill at Mexico, there are still many difficulties In operation of the
flidized bed reactor, and further'work lsbelng done to make the operation successful.
another Canadian-in mill where' the Coupeland reactor Is used in conjunction with a re-
I 5 covery boi ler; they still have. troubleIn runnin~gthe Coupeland reactor, although it isplp
tjwoo illan th blckliquor generated'Is the' sameoas 
any wood black liquor,
They have to shut down for two.wecks after a run of'four' weeks to clean heavy scaling on4Wthe alls 'of the Coupelind reaict'o'r, At the Edfu. pulp 'mll,''all' the problems of re'coveryof bagasse black liquor do'exist, as It was the first installation torecoverbagaisse 

5 

~ krtft black liquor, and It isstillthe6hlonyone n the whole world,. Extensive work 7
ihoultflbedone In the field, 'a the'recovery of cheicls I'sof vital. importance with;1~ruslitt to costs and polufl~Ion problems, 
" 5 

, 5 

'11W PODUIJCON'01 NWSPUINT nIom BAciASSbI; 

INcwspr Int hns hsoia'Ilbenproduced from wood fibers, mainly soft woods. Thie
mul jiscmonent I' meochanical grouindwood,(75to 85%) :'while the remaindor (15 to 52%) Is 55long-fthei' softwn~d O~vuMiCnlI pulp,5~~ 
5 ~ 
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Recently, disc refiners are being-used more frequently to produce the groundwood
an...onventioncan~ a Is,toerinders-after -e
ingtreated- by a ,thermal-process--Th'ese----

produce 
a stronger pulp and therefore enable a reduction in the percentage of the more
 
expensive chemical pulp.. ". . 

- Most tropical countries do not have adequate resources of softwood forests and are
therefore compelled to import their total newsprint and magazine paper requirements.

Today, most of. the world newsprint deniand is met by Canada, Scandinavia, Chile, and tie
 
LJi.:?,i.nR. 
 smaller amountS cuming from a few other sources . 

During recent years, a great deal of investigation and experimental work has taken 
-l: 0He11 LhOuseof sugalrcalnIhagasse for the production of newsprint. Two bagasse news- - 

print mills are presently under construction, one in Peru and one in Mexico. The former,
with a capacity of 350 tons/day, may start up early next year, while the latter will nothe in operation before late 1978 or early 1979. llese are presently the only two news- -print mi ls in the world scheduled to operate on bagasse.
 

BIoth mills will use tile Cusi 
 process, for production of newsprint from bagasse. 

Captcity is to be improved by using a china clay a load, and various ofas amounts
sOftwx'od have been blended with bagasse pulp in trial runs on a pilot plant scale.
Chemicals Will not be recovered in the Peruvian plant, while in the Mexican plant a
Coupeland systen will be installed to recover chemicals. 

To what extent should depi thing be undertaken for bagasse to be used for newsprint,

fhow to improve opacity, and the recovery of chemicals-are still questions requiring

oxten, ie riSearch work.
 

FIFIIIRE TiILIZATrION OF BAGASSIE 

Biagasse could be used in A.R.lg, for the produCtion of many kinds of paper that are
 
mtipfrmd;. and to fill the gap the market that
in exists for others. 

Ariting, ', lPrinting.
 

I1me'etimated consumption for 1970 was 96,280 tons, 
 of which 47,600 tons Were im
wi.&ui 'ile deficit by will 10(,000 tons. Bagasse bC used to198.5 be could increase
 

the product ion of writing and printing paper,,
 

Neilsprmit amid "lagazine a mr
 

"Thor( is 
 present ly no newsprint made in Lgypt, and consumption equals imports.
I'ri~ju:ti, consumption in 19801 will be 00,000 tons, and in 1982 it will be 75,000 tons.

fIt I, (ctVldnt that the potenti al for the development of a very substantial newsprint
 
productioni ridustry exists in 1;gypt, assiing
,wnooni cal)i it can be justified technically and 



I 

________________rabjo.-J 

Balgasse Output of Egypt Sugar NMills-*
 

St Ig; Irc.m, IBaiss 0c I lagasse Ntoisceidi R ua
 
. . . C Percent Moist Content, Bagassc Sugar in
Crushed 

Sogr . .I Tons of (alle Tons " . .1). 'Tons Bagasso, 'u 

Abo Qurgas 5,17,IO .33 ISo ,50 54 83,000 4.6 
Nag Ilammadi 1,364,000 35 .3 48 . 300 5,1 .6 220,300 5.3 
ii M Started 

l*t, 7,11,000 3,1.3 254,500 52.6 120,600 5.4 
Arment 88,80) 30.8 271 500 

D. na in 1977 

50.8 133,500 6.1' 
W fid 760,000 33.2 25..2,,-500 51.1 123,400 5.1' 

t~~lCID ,090i,000 3. 9 380,700 181,20052A. 5.2 

Tot., 5,383,000 " -1,821,000 862,000 

Figtires based on 1976 iiar'~cst. Some values-, are estimated. 
An cighth mi1l, 1i1l Balyana, is in the planning stage. 

Tab Ilc2 

Digester Condi tions for Pedaco Pulping Process 

111(, Ichabh 1c,1ncrb oard Corrugating
-Pull , trae ' i'u Wrapping Medium " 

PL'rlmina t c7 nu-"7 23 L 28 341 "-r 
yield, 0 .*65. 0 70
 

Caust ic I. 7oI' 5arc 

'(oil (101pi thud 

Di c.sLer condi t ions 
TepCpra tur ,." I.. i 17 .3417 3417 
Preu re, p).. I , 125 * 12 S 12; 

Rt(- uitI (I n t i fnvc 20 20 20)
inn, 


