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ABSTRACT

A preliminary investigation on bamboo pulping by Semi-Keebra process
revezls that a higher pulp yield than that obtained by most of the known
methods of pulping bamboo can be ottained by Semi-Keebra yprocess.* The
chemical requivrement for nulping is lowsr than the conventional procesges
and the spent liquor also comtains a higher per cent of solids. The pulp
obtained by Semi-Keebra pulp wowld #lso require a considerable lesser time
for obtaining the desired fresness value, resulting in lower power consump-
tion for stock vpremarction, than that for the conventloral sulphate bezmboo
nulp of bleachcble grade. A comporison of the various hand-shest oproperties
of the twe wnlnag show that all properties cther than denaity and breaking
length wre, however, lower in the case of Seni-Keebra bhomboo mlp. It is,
however, honed that further investlpeticn on optimunm ecnditione of Semi-
Recbra vrocess for Dawboo wulving would show some further improvement in
the strength properties.

JEFINITION OF FROBLEM

he varlous difficulties encountered in hambeo pulring by alkaline
and other processes, particularly difficunlties due to long cooking periods,
uge of liguor of high chemical content, highly celored mpulp which require
extra blewching, low pulp ylelds, and troukle 1n recovery of chemicals
from the spent liquor have necessitated the preliminary investigation on
banboo pulning by Semi-Keesbra process, which has not yet been reported in
literature for tamboo. The Hemi-Keebrz rmroceas for wood is repcried in
litieratwe to be especlally well sulted for certain grades of both fine

and other paners besides the benefits of an increase in the yield. iIn

*The Keebra Process has been developed and patented by E. P. McKeefe
and 1. Bradley of New York.
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case of the wood the pulp is also remorted to be more easily bleached.
LITERATURE 8URVEY
Bamboo Pulping:

Host of the known methods of sulping has been apnlied to bamboo.
Least promising of the conventlonal methods is mechanical pulping which
is attridbuted to difficulty of holding the culm aguinst the stone, the
difference in struwture of node and internode, and change in hardnsgs
with drying (1).

Alkaline cooking owing to their high content of H,0O-scluble water-
ial especlally of peatosan in the stem are best suited for bamboo and
sulphate process is reported to be the best (2-3). In the sulphate
method best resulis are obtainsd by a mixbure, in the totsl cooking liguor,
of 60~-70 ner cent NaOH and 30-33 per cent of HapS, which is about the
1imit attainable by the later in the recovery. But perfectly good re-~
sults are obtalned by 25 per cent of NayS. The check on hydrolysis im-
posed by the presence of Na,S increases the yleld alightly and is respons-
ible for a narked improvement in the color of the pulp (¥#). About 20-22
per cent chenicalg on the welght of the wood 1s required. The maximum
pressure should be avout 120 1b., temperatwre 162-1709C., and the time
of cooking shous 5 to 6 hours. The yield is about 41 to 43 per cent (2).
A tuo stoge cook is recommendsd for soda process, a mild cocok at shoub
115°C, for 2 hours in 1.5 ver cent caustic soda, followed by a more
draatic cook in 5 per cent caustic for 3 howrs at 140 to 1609C. After
bleaching with 8 per cent bleach, & yield of 42 per cent pulp on the
weight of bamboo is obtained (5).

Geod ulps have been obtained by the modification of soda and

kraft process. ‘wo modifications, the Gruco process and the Raltt pro-



cess have yielded the best quality mdn. (1).

The Gruco method (1) consists of: (a) a cooking ligquor composed of
75 to 60 grams of NaOH plus 12 to 15 grams of NupS per liter of liquor,
(b) o total coohing neriod not in excess of 4 hours, (¢) reductionof
cookin; temverature to range of 140 to 160°C.

In the Raitt process (&), the principle of "fractional digestion®
is applied. The method aims at reducing the cost of digestion and improv—
ing the guality und yleld of pulp. The process conslsts of removal of
soluble substance in raw material by using a combination of spent liguor
and caustic. The reason for this discussed in (4=6), is based on re-
movel of the three undesirable componente namely: (a) water soluble salts,
starches, sugar etc., (b) soluble pectins, fats, waxes and gums in 1 per
cent alkali at 100°C., and (c) alkali soluble lignin acid etc. in 4 per
cent alkali at 1309C. Removal is accomplished in two stages (17).

(a) Crushed bamboo chips are extracted for sbout 2 hours with &
oartially exhausted alkaline solution containing sbout Z per cent of
active alkali from a previous cock at a Hemperature of 100 to 1150C..,

(b) ‘e predigested material ia then cooked in a fresh causiic
solution containing about 5 ver cent for 3 nows, one hour at 150°C. and
the remaining two at 1400C. Best results are obtained by the sulphate
process, reusing the spent liguor.

Several otiher methods besides the alkaline process and its modi-
fications have been tried for cooking bamboo. The acid methods fail
to deal satisfactorily with starch and pectin, althiough they handle
ligpnin well enough; but the residue of these remain present in the pulp
as 2 yellow coloration. Raitt (7) reported calcium-bi-sulphite to be a
total failure for bamboo cooking, but obbtained fair results with nag-

nesia~bi-sulphite, The aeid treatment of bamboo gives a fair unbleached
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1lp, geod enough for nowsyrint znd similar low colored papers but
bleasching difficulty remains if pure white papers are wanted. A later
work on coglddng of crushed bamboo chips by caleiuvw-bi-swlpbite liguor

(8) shows that well digested nearly uniform and light colored pulp having
42,25 per cent yield on A.D. chins cun be obtained; which can be blsached
to & good white shade, retaining a yleld of 40.43 per cent. The time re-
guired for digestion was 12 hours (4 hours for reaching the maximun tem~
perature of 1620C., and 8 hours cooking at the maximum temperature),
which makeg ths use of this procees doubtful for large scale production.
The sbove vrocess when sarried out with vncrushed chips gave undigested
My contzining a large number of wncooked pisces., This partially di-
gested pulp could not ve bleashed within economic limits,

Neubtral sodium sulphite methed hes aiso been used (9) for cooking
bazboo {sinv-take)., The chips (3-% em. lengih) when pulped ab 153°C.
and a pressure of 6~5 ¥g. per sq cm. gsve a better yleld tham by soda
o sulphate nmethod. Idzgnin removal was rapid during the first 2 hours
of cooking vul slowed down ead becane almost constant during the next
3 hours. Alpha~c2llulose jpsr cent based on totel charge wes found to
increage progressively with cooking time; however, ventosans remained
in the pwlp in large quantities despite prolonged cooking. The sironzest
payer, however, was obtained from Mlp cooked for &4 hours %0 a lignin
content of 1C.5 per cent.

A preliminary investigation on bamdbeo pulping dy eold soda process
(16) reveals that out of the varioue chemicals applied for pretreatuent
at room temperature and at atmespheric pressure water steeping of bamboo
give better results. Both bleached and undleached parers having falrly

good sirengbh can be prepared by this method and the streangth of the



blaeoched paper can very well be compared with those obtained by pressure
digestion sulphite process for bamboo investigated by Bhargave and
Batre (11).

The sodn cooked semi-chemical ywlyp is reported to be of poor quality (1).

Barmboo being much leas receptive to the penetration of liguid than wood
Slve several pulping difflcultles. The major difficulties encouniered are:
long cooking verlods, the use of ligquor of high chemical content, non
homogeneous mulp, degenerated surface cellulose, highly colered zulp re=-
quiring extra bleaching, and further trouble in soda recovery because of
ingeufiicient allkall being left in the pulp. Both the conventional over—
head (single stoge) and fractional (two stage) cooking system suffer from
some or all of these faults. Bhargave (12) hus presented a new method
wiich solves ell these problems and produces a swyerior pulp in higher
sield. 1In the production of eagy bleaching and bleacheble vulp the bam-
boo is first chipped into pieces of 1/8 to 1 inch in size. These ehips
sre then steamed in water or very weak liguor to oven up thelr fibers
and then subjected to an actlon of super-heated pressurized cooking
ligwor. Pressure and temperature are brought down after the requisite
period ond there after a conventlonal digestion process is followed, In
the yreduction of high yleld chemical or ssmlechemical pulp a mechanical
defibration step follows the super cooking step.

Chaudbhuri (13) hus also suggested the steaming of chips before alka~
line pulping for reducing the cooking cycle in botk one stage and two
stage process. The bleach #bility of the pulps by the two proceszses is
reported to be the sume becanse of steaming.

The other proposed process (14) involve steeping of the bamboo in

gpent liquor from an earlier cook for 2 to 5 hours at 115 to 120°C.,
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follewed by coolking in a 5 per cent solubion of FaOH for 2 more hours at
140 to 160°C.

Investigation on influence of liguor ratio (15) shows that lower
liguor ratio favor the removal of lignin znd the increase of the added
alkeli. The yleld of the »ulp is reduced 1ittle by the deerease of the
ligquor ratio; tut variation of liguor ration has no influence on the re-
moval of zentosans.

Hodes also constitunte & problem in yulvping becaunse they are denger
than the rest of the stoeck snd are penetrated with great difficulty.
Cooklng of bomboo is fucllitated (3) by erushing the barboo stems be~
tween heavy iron rollers, which crush the internodes and senarate tha
fiver bundles. The thoroughly crushed chins are found to zive highest
per cent of both undbleached and bleaghed »ulps =md are commaratively
more uniforn in quality and require the leost per cent of standard
bleaching powder for the preduction of good white shede, Although
crushing of bamboo cldns is the ldeal method lts use on a large scale
is doubtiul because of high nower requirement and more irregular size
of the crushed chips.

Seni~-Keebra Procese:

The Sermdi-Xeebra pulp is reported (16) %o huve characteristics be-
tween sods and Full Keebra pulpa. The Ful) Heebra pulp is renorted to
rival kraft pulp in strength snd with abnormally high tear and folding
properties, The 3emi-Kesbra yulp is reported to be especially well
sulted for certaln grades of both fine and other papers, besides the
benefitn of an increase in the yield due to the protective action of
the sulphite, The resulting pwlp also keeps its strength and color with-
out deterioration. 1In case of wood the pulp is reported to be more

aaslily bleached.



The reagson why Semi-Keebra process in particular has been selected
over FPuil-Xeebra process is that in the later the recovery and reusze of
the aspent liquor has nct been demonstrated to be practical if it is used
by itself, rHowever, i1f a proportlcn of Semd-RKeebra cooks are made at the
same time there «re no difficuliies in recovering the two spent liquers
together., In working the Semi-Keebra process mo difficulties whatsoever
are reported (15) in obtaining sufficlent liguor sultable for sul hiting,
however high the recovery. The black liguor is evaporated in the usual
way, «nd losses in the gysten are mde uwp by fresh soda ash used for sl
phiting. The Semi-Xeebrz process 1s also revorted to require lower cool-
ing time and pressure than Pull-Keebre process. The cooking liguor in
the Senl-Xeebra process consists of camstic soda and sodiuwm sulphite in

a quantity of 20 to 30 per eent of total sodn present.

Barboo (Dendrocalmms Strictus) chips of equal size (2 to 2.5 Cn. long
cnd 1 to 2 Om. wide) were cooked in a stainless sleel digester vprovided
with an srreangement for comstant liquor circulation thwouzh the heat-ex-
changer. The cooking ligquor consisted of 7.2 per cent Sodiwm hydroxide,
1.8 per cent Sodiwm Sulphite, and 0.296 per cent Sodium Sulrhide, based
on the total liquor volume. The ratlo of liqwor to chips was kept at
8 %0 1, The reauwlts of cooking liquor analysis ampear on Tseble I of the
vevort. 'The chips were cooked for a total period of 35 hours (% hour %o
ralse the temverature to 154°C., and @ further 3 hours at 1442C.) and at
pressure of 56 psig.

The cooked chips in order to defiberate uwere passed through a labor-
atory Bauer refiner, fitted with coarse plates, thrice, keeping ths leoad

at 2, 3, and 4 anperes respectively. The pulp was then washed in a
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drainer box snd screensd through & (.01 cubt flat screento remove sieves
eto. Thio screcned pulp was washed in the draziner box aguin and filtered
throyght the pulp mat formed Ly the fibders, $ill clear washlug was obtalned.
iLter cewatering the per cent yield of the rulp was determined. The
fermangupnate number and initial brighiness of the yuwlp and per cent sclids
in Ulacic liquor were also determined according to Tuppl standards.

The refining of the pulp was carrlied out in a Head laberubory refiner
at 2 per cent consistency, using 25 pounds bthrust on the plutes. The pulp
was refined at four aiffsrent refining times and hand sheets were made om
British sheet mold according to Taprd Standard Method &t the four different
ifreeness values obbtalned. The haxd sheeis were tested for varilous sheet
properties sccording to dupvi Stamiards and the resulis appesay on Taebls
ILI of the report.

in order tv muke a conparison in the strength vroperties of the Semi~
Reebrus pulp wnd the comvenbtional sulihate bamboo plp of bleachuble grade,
nand slhieets were uade ai the sawwe Ireensss munges as 1n the case of Seml~
Raebra pulp and the hand shesls were tested for the various sheet proper-
ties und the permwganste muber and the initlel brightness of the ;aldp
vers «lso debermined according to Taprni Standards. The Sulphate dbaboo
mlp of bleachdble grade was culained for this purpose Lroun Orient aner
Milis Ltd, Indda. ‘The stremgth properties of the hand sheets as testod
aml the pulping conditions as repvorted appeaxr raspsctively on Tedble IV
and Hablo I of titds reporv. A comparabive study of the warious pro-
verties of hand sheets, made from Semi-Keebra and sulfate bhamboo pulp,
at vairious freeness levelg can dbe uade by referring to Pigures I, II,

and III of tals report.



Table 1 Cooking Conditions and Pulp Properties of Semi-Keebra Pulp.
Total Cooking Tine 3% hours

Time to reach 1449C, % hour

Cooking at 1449G. | 3 hours

Pressure 56 peig.

Iiguor Volune 12 liters

Jiquor to Wood ratio 8311

Chemical Concentration:

Ka®H 69.35 gpl., as chemical

H32503 16.9 :&pl., as chemical

HaoS 2.41 gpl., as chemical

3%003 7.11 gpl., as chemlcal
Per cent solids in Black Liguor 17.8 per cent
dp Yiela 51.C per cent
Eimol, Humber L s

Brightress of umbleusched pulp (IXC) 17.06
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Pable II. Cooking Condition and Pulp Properties of Sulfate Bamboo
Palp (Bleachable cook)*

Total Cooking Time 2% hours
Pime to reach 130°C. 1 hour
Cooking at 130°C. ' 1 hour
Time to reach 165°C. % hour
At 165°¢. £ hour

Chemical Concentration:

HaCH 70 gol., as chemical

Na,8 29 grl., as chemical

1132003 12 gpl., as chemical
Per Cent Solids in Black Liquor 10 - 15 per cent
Pulp Yield 45 per cent
#Mnoy, Nurber 20,2
Brightness of unbleached Pulp 19.37

*Gooking Conditions and Chemical Concentration figures cbitained

tirough courtesy of Orient Paper Mills Ltd., India.
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Tuble III. Properties of hand clwets mode fyvem Sexd-Keehra Buwihos Mulp.

Refininz Time, !Hnntes 0 3 % 2%
Preensss, C.3.7. 3% b5y 8 197
Density, @ifce. e 0.48 0.3 0.57
Burst Fucbor ® 16.2% 23.20 28.82 34,80
Teny Factor ** 1014 97.45 10.5 86.85
Bresiing length, weters 3,500 %032 54300 56762
Folding Sudwsnce
(:17, Double Folds)
Average 8 13 50 82
Max. 10 18 63 116
Hin. 7 10 35 52

*  Durgt Packtor « 50 B/R

** fToar Faotor = Ti.le/R

Where, B o BDureting strength in Ibs [/ sq. inoh;
B w Besls Velght in 1bs per 500 sheets 25 x 40 inches.
¢z Force in zroms to tesr o mingle sheet.



Table IV. Properties of Hand Sheets made from Sulfate Bamboo Puly

(Bleachakle grade)*

Refining Time, Minutes 13

Freeness, C.5.F. 590

Density GM[ce 0.h3
Burst Pactor ** 17.07
Tear Fuctor *»* 1404

Brealring TLength, meters 3,350
Folding Endurance

(117, Touble Folds)

Average 8
Max. 9
Min, 7

=

4o
0.4
23.38
135.2
3,666

17

13

106
145

™

226
0.51
35.5
128.5
54933

177
232

122

» Puln» obtained through courtesy of Orient Paper Mills Ltd., Indla

*#  Burat Pactor = 50 B/R

¥ Pear Factor = 7l.le/R

¥here, B = Bursting atrength in 1bs/sq. inch;
R = Basls wt. in 1bs per 500 sheets 25 x 40 inches.

e = JYorce in grams to tear a single sheet.
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This being a preliminary investigation, no attempt was made to deter-
nine the optimum values for cooking conditions and chemical concentratiomns.
The following conclusions, however, can be drawn from the present work:

1. A higher pulp yield than mogt of the conventional process can be
obtained by using Semi-Keebra process for Bamboo pulping. The high yield
may be due to the nrotective action of Sulphite which has a very little
action on the more eunsily resnlvable celluloses and consequently their
presence results in a high yield.

2. The Semi-Keebra bamboo malp would reqidre a considerable lower re-
fining time to achieve the pams Fresness value as sulfabe basboo pulp.

3. The breaking length and denaity of the paprer made from Semi-RKeebra
pulp i8 found to be higher than that made from the sulphate bamboo pulp
of tleachable grade. The cther strength properties, however, are found to
be lover than paper made from the sulfate pulp of bleachable grade.

L, The spent liquor of Seml-Keebra pulping vrocess is found to have
higher per cent solide than that reported for the sulfate pwlping process.
5. The permanganate number of the Semi-Keebra pulp is found to be

higher indicating higher bleach requirement than that for emifate mulp.
The initilal brighiness of Seml-Keebra pulp is alse fournd to be lower than
Sulfate pulp.

It is felt, however, that further investigation on optimmey cooking
conditions and liquor concentrations for Semi-Keebra vrocess would show
nore promise for making papers having fairly good strength along with
high pulp yield.
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