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SOME EXPERIMENTS ON THE UTILIZATION

OF RICE STRAW IN PAPERMAKING

I. A BRIEF DESCRIPTION OF RICE STRAW

The botanical name for rice straw is Oryza sativa. Rice
is a well=known cereal and is the staple food of hundreds of
millions of people. According to R. J. Rochevica, cultivated
rice, including all numercus varieties, originated from wild
species, which are indigenous to Africa, India, and Indo=~
China (6).

Rice is grown in coastal plains, tidal deltas, and river
basins in tropical, semitropical, and temperate regions, where
fresh water 1s avallable to submerge the land. Principal rice
producing countries are China, India, Pakistan, Japan, Thai-
land, Malay Federation, Indo=China, and Burma.

The total world rice crop for 1958 was estimated at
481,46%.0 million pounds, compared with 425,211.8 million
pounds in 1957 (11). According to statistics published by the
U. S. Department of Agriculture (1l) the production of rice
was as follows in 1958:
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Table I. World Production of Rice

{ontinent Production
¥illion Pounds

North Americe 6,683,2
South America 11,041.0
Europe 3,614,4
Africa 8,669.6
Asle 450,636.6
sustralia 43,2
World Total 481,463 .0

Total production of pulp from rice straw, wvheat straw,
rye straw and other types of straw amounted to one million
tons per year, or three per cent of the world's production,
according to ¥. 4. 0. publication 1ssued in 1952 by the United
Nations (12).

In the zarly nineteenth century, rice straw paper was
used for nevwspaper. Decause of technleal and economical dige
adventagee, pulp produoexrs did not give umch attention to rice
straw as raw naterial. But in these days of increasing de~
mand for paper snd paperboard, particularly in those arees
of the world which are deficlent in wood, rice straw can sate
18fy the demand (5). The yield of rice straw is one and one~

fourth ton per ton of rice (12)



Before World War II, white zaper of high quallty was
made in Java from 100 per cent rice straw, Two Javanese mills
in operatlon today have togather a ompaclity of forty tons per
day (5).

The physical composition of rice straw is es follows: (5)

Table II. Physical Composition of Rice Straw

Culms 32.4 per cent
Leaf Sheaths 33.1 per cent
Leaf Blades 16.4 per cent
Rachis, Glumes, and Nodes 11,9 per cent
Residual Grains 0.7 per cent
Debries and Fines 5.5 per cent

Small grains, strave, or culms are erect, elastic, gen-
erally tubular structures, separated et intervals by nodes,
occurring as vaecular bundles erowded togetiier and interlaced
to form 2 strong diaphragm between the internodes. The rachis,
or top portion of the stem to which the seed ig attached, i
usually found with the straw., 7The leaf, starting at the node,
forms a sheath part way up the straw stem and ends in a leaf
blade. Otraw grows from about twe b0 six feet tall, depending
upon varlety, climate, and ocultural conditions (1).



Aronowsky (1) compared the dimensions of straw fiber

with fibers cof other origin, as may be seen from Table III.

Table II1, Dimensions of fibers

Rice Wheat Bemboo Jack Plne

Straw Woed

Length in Micron:

Meximuns 2,480 3,120 4,350 eewes

¥inimums 650 650 1,450 weeew

dverage: 1,450 1,480 2,700 3,000
Diemeter in Mlcron:

Hexdimums 14 24 27  wewnw

Minimum: 5 7 7 wmee=

Aversge: 8.5 13.3 14,0 4040
Ratio of length to 170:1 111:1 192:1 75:1

average dlameter

Lathrep (9) in his study about pulp fibers from agricule
tural resldues discussed their chemlcal composition and prop=
artiee, He found that cereal straws, particularly rice straw,
heve a hizh ash content with respect to thée physical property
of dimenslion. The ratio of length to diameter of the rice
fiber 18 about twice that vt sonlferous wood,

Lathrop compered the dimensions of rice straw fiber with

bamboo and coniferous wood fiber, as shown in Table IV.



Table IV. Fiber Pimensions

i bexr Rice = Bamboo Ooniferous
Hood

Average Length, mu 1450 2700 2T00-3600

Average Diameter, mm 8.5 1440 32«43

Ratios Length to 170:0 200311 T5=9011
Dismeterx

Relative Dencity open dense denes

Relative Zase of 1 4 4
Pulping

III. THE CHEMICAL COMPOSITION OF

The chemlcel compositlon of riee stwvaw is ae follows: (1)

faole V. Chenical Composition of Rics sStréw

Rice ¥heat
Straw Straw

rolsture® 8.1 8.3
Aghat 17 . 5 11 . 0
LA gainwe 12.5 18,0
Pentogangite 24.0 28.0
Acetyles ahas Te3
Solubllity in _
Llachol=Banzenc*® h.6 2.5
Hot watern# 13.9 15%.5
One per cent Sodlum Hydroxide®® 50,0 47.8
Cross and Bevan cellulose
Crude®® 47.3 46.6
Pentosane in ¢ & B cellulosmehss 27.9 29.5

Alpha csllulose in C & 3 cellulose®®® (7.5 66.2
Alpha cellulose, basis original straw** 32.1 30.5
¥ Values expressed in per cent of straw as recelved
## Values expressed in per cent of ovenedry straw
##% Values expressed in per cent of ovenwdry C. & B. celluw
lose.




Nikitin (10) carried out chemical analysis of rlce straw

from North Korea, which gave the followlng results:

Table VI. Chemlical Composltion of Rice Straw from Kores

Component Per cent
Cellulose (HNOz=-CpoHgOH) # 51.4
Cellulose (HNO3-02H50H) on ash free 55.2

baslis #
Pentosans (12% HCl method) #* 20.5
Mennan and Galactan * Traces
Lignin (72% H,SO, method) #* 23.0
Lignin on ash free basls # 9.0-10.0
Ash * 14.0
Polyuronldes # 6.6
Readlly hydrolyzable reducing sugars 14.31
(Bartrand method) #*
Alcohol -- Benzene extractive # 1.5
Composition of ash:
S1Q, Wi 78.8
Al?_83 3 109
Cal ~## 7.8
Mgo #% 1.8
SOy W 1.5
Nap0 + Kp0 # 6.3

# Values expressed 1n per cent of O, D. straw
## Values expressed 1n per cent of dry ash

In comparison with wood, rice straw pulp production

causes an increased number of problems; particularly the



higher ash content of rice strew csuses some complications
in pulp making and recovery of the chemicals used in the

production processes,

IV, PULPING OF RICE

IV-iA, Zarly Investigations on Mechano-Chemical Pulping

The technleal literature contains limitad information
dealing with the pulping of rice siraw, which type of pulp
was produced as sarly as 1900 (5).

Aronowsky and lielgson (2) used wheat straw in thelr
pulping rate: studles. Thls investigation was carried out in
a hydrapalper. The cooking chemlcale wers caustic soda, or
osustiq soda and sodlium sulphide, or codium carbonate and
sodium sulphite &t three levels of temperature, namely, 73°,
83°, and 93° C. The most rapld pulping rate ocourred in the
first five minutes. Delignification contined after this
perlod but at a graatly retarded rate. About 55 per cent of
the lignin, 30 per cent of ths pentesens, &nd 35 per cent of
the ash, based on the origlinsl dry straw, werc removed in the
first five minutes. At the end of one hour, asounts removed

were TO percent of the lignin, 35 per cent of the pentosans
and 90 per cent of the ash,



The authors lnvestigated also the &ffect of different
pulping agents at comparadble concentrations, namely, 12 per
cent caustic soda, 8 per cent eaustic soda plus & per cent
sodium sulphide,and 12 per cent sodium sulphite plus & per
gent sodiun carbnnaté. The straw pulp decreased in yleld
very rapldly during the first five minutes of cooking. Oause

—_—

tic soda snd mixtures of caustiec sodes and sodium sulphide

—

gave practically the same degres of deligmifiocation of straw.

j« Sodium sulphite was too mild %o produce satisfsctory pulp at
the relatively low temperature used. FPurthermors, the aue
thors observed that increased cooking temperaturs and insreased
concentratlon of cooking chemicals acoelsrate the rate of de-
lignification of straiw.

The authore (2) condiuded that efficiasncy of delignifie-
cation in the mechano-ghemical procegs iz prodbably duse to
the insrease in diffusion velooity of active chemicals and
reaction products into and out of the fibrous plant material.

Aronowsky and Lathrop (3) prepared & sories of cooks
from wheat straw, using a Hydrapulper and a pressure digester
for the sake of comparisen. Cooking for one hour at 90 to 98°
in 2 Hydrepulper gave sirawboard pulp with yleld and physical

propertica o3 zood as the characteristies of a pulp obtalned



by cooking at 140° C. mad 40 Psl for flve hours in & digester
with the same aumount of chemicals. HResults of thess experle

ments may be seen from Table VII: (3)

Table VII. Pulping Conditione; Hydrapulper versus Digester

Cook Numbar 662 663 678 683 687
Chopplng:

Type D — W D W

Tiume, mlautes 12 —_— 17
Cooking

Time, gours 5.0 5.0 1.0 1.0 5

Temp. 140 140 95=98 91-98 9098

Consisteney % 14,1 14.) 3.0 8.0 5.0

Final 11quor pi 8.8 2.9 11.4 11.1 11.4
Pulp ylelds:

gynde we B % 80;1 83.2 82.0 8}.0 81'9

Crude == C 7 2%.1 e 84,1 80.7

iashed == B 7 753 79.9 T5.EF  78.0 5.0

Warhed w»- C % = i 75.9 st 79.1 5.0

Fipes == B % B8 5.3 "B.G  T7.6 4.3
Fover ~=- H.P./ton pulp/day ’

Total . 3709 39.3 41.9
Legend:

D: Lry ehopplng

W: Wet chopping

B: Deflbered and washed in Hoble and Wood beater

o2 gafibered iz Bauer pulper znd washed in Hoble and Wood
eater
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Further investigations showed that higher yields of
kraft straw pulpe were produced by & one-half hour treatment
ia a Hydrapulper than by a two hour treaiment in a pressure
vessel at 100 Fsi and 170° ¢. The physical properties of
the liydrapulper product were claimed to be fully ae good am
those obteined by the pressure cookj as to chenmical composie
ticn, higher ventosans, &#néd lowar ash content characterlzed
the Hydrazpulper product. Finally, it wee established that
re~ueing the kraft black liquor from the Hydrapulper had
11ttls effect orn the yield and properties of the resultant
pulp, thus making possible sigrificant savings in cost of

chemicals aund steanm.
IV-8., Recent Iavestigation in Pulping of Rice itraw

Chittenden and Morton (4), in thelr pulping studies of
rice straw by the kraét process in e digester, stated that
gevers cooking condltions produce relativzl{\g;;;\bulp with
2 nigh dralnags time. On the other hand, under milder cooking
conditions, the pulp was stronger and relatively free, thus
being sultable for wrapping paper and similar grades.

The 2uthors carrled out bleaching trials, using either

three stages, chlorination, slkaline extraction, and hypo=
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chlorite treatment or singlie staga hypechlorite trsatment.
The total chlorine comsumption in three stage bleaching was
4.3 ver cent based on oven-~dry unblesched pulp, and the yleld
was 27 per cent based on dry strsw. The slugle stage bleach-
ing was carried out, with 4 per cent avallable chlorine based
on hynochlorite; the yield was 30 per ceat in terms of dry
strav.

Purthermore, the authors eveluated the pulpes by the

beater method. Tho resul4e are shown in Table VIII.

Table VI{I. Sulphate Cooks on Rice Straw. Cooking lhats (&),

Cook Number K34 K3% K38 K39 K&
Effectlive alkall as ¥aOH on 24 20 15 10 20
oven-dry raw material %
Sulphidisy 7 20 20 25 20 25
Batio of liquer to ovenedry T:1 631 6:1 6:1 631
rax material
Maxirum temperature, CO 1s0 150 150 158 150
Time to resch meximum temper-
ature, hour ) 8 1 1l 1 1
Time at maximum tempersturs, 1l 1 1 1 1l
hour

Consuuption of effective alkall 17.9 15.9 9.5 «w<e 16.
on oven=dry raw usierlial
Yield of unbleached pulps

Sereen pulp % 2047 27.1 8.1 ~~e= 33,
Screening 7 0.2 0.3 0.8 @me= 0,
Total ";t, 20'9 27-# 3309 5002 34.




Palp produced from rice straw by the K39 cooking cone
ditions, when bleached by = single stage blesching procedure,
has properties very similar to commercially available bleached
wheat straw pulp. The K39 pulp was sultable for the manufac-
ture of meny grades of papers such as writing, prianting, and
light wrapplng papers.

Fahmy, Yehis, and Padl (7) in their ianvestigation used
Ligyptian rice straw. The puilp was produced by pressure cock,
mechanoechemical end alksalins chlorine processes at different
temperatures and pressure. The exXperimental conditions may

be seen from Table IX, and the results may be found in Tables

Xa and Xbo
Table X. Digestion Data (7)

Frocess Tempersture C° Time, Ligquor
hour ratlo

1 Hechano-chemicsal —— 1.90 1:10

% Pressure cook 120 1.2 1:10

4 Pressure cook 120 4.00 1:10

S Pressure cook 150 0.30 1:10

6 Pressure cook 170 2.00 1:10

7 Soaking without agitation - 1.00 1:20
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It was observed that pulp mo. 5, prepsred at 150° C.
with 30 minutes cooking time, contalned less ash than pulp
no. 3 cooked at 120°C. for 1.25 heurs. Pulp from the ale
kalina chlorine process had the lowest strength. It was obe
served in experimenis 1 through 6 thal low ech content could
be correlated with relatively high degree of polymerlization

of the holocellulass.

Table Xn. Pulping Date and Strength Charseterisiles of
Differeant Procasses (7)

Bxperiment Wo. i1 . 3 Iy

vi
DN
-3

Cooking %emp., C. Wech- 120 120 150 170 Alkaline
Chem

Gﬁoking tim&‘-’. hour 1.0 1.25% 4.0 0.30 2.0 Chloxrine

Yield. Arons 0.8, &815 ’“‘5 5 #5.? M.} AQ.’B - e

Alpha gellulosc 73.3  T5«1 TS84 T5.7T 837
Parfusrsal 17.51 17.43 17.731 16.68 14,41
Degree of polymeri- 756 758 ‘742 840 628
zation '
Ash 0.76 0.73 1.80 1.28 11.10
Zgnin 2.1 2.3 1.9 1.2 1a
Brightaness ¥ 75 75 T4 74 72 75
Bea:ing time to 50° 120 180 60 150 60 5
n géc,
Brﬁz-.i.-ué\ length, ka 5'81 5.78 4 79 5.54 4.25 4.32
£longatlon % 4.0 3.8 3.5 3.4 4.0 2.8
Folding endursance 645 755 327 780 200 160
Burst factor 26.2 26.3 20,3 22.8 20.0 20.0

Tearing resistance 122 113 102 109 89 98




oy .

Table Xb. Pulplng Data and

Strength Characteristics of Dif-

ferent Processes (7). Unbleached
Experiment No. 1 2 3 4 5 6
Cooking temp., C. Mech~ Ohne 120 120 150 170
Chem Ruhr
Cooking time, hour 1.0 1.0 1.25 4.0 0.30 2.0
Yield, grams o.d. 49,5 51.0 47.8 47.3  46.5 45.6
Presence of coarse +4 +++ ++ + + 0
material (shives)
Alpha cellulose 71.5 ———— T2,6 72.9 73.0 81l.2
Furfural 17.72 ===- 17.63 17.53 16.84 14.66
Degree of polymeri- 882 -—== 860 850 857 785
zation
Ash 3.05 3.01 4,901 4,10 5.12 13.3
Lignin 3,8 4,2 3.9 3.5 1.8 1.5
Methanol=benzene 0693 =e=m= 1.45 1.51 1l.52 1.32
extractive _
Natiral chlorine dee 2.5 === 1..99 1.75 1.60 1.25
mand (chlorine no.)
Breaking length, km. 6.18 T7.65 6.47 6.58 6.52 5.60
Elongation % 3.96 4.40 4,05 3,70 3.95 4.08
Folding endurance 513 671 577 850 893 383
Burst factor 23.2 37.1 31.3 33.0 33.8 23.3
Tearing resistance 121 109 114 119 115 141

The above data indicates that

high and low temperatures resulted

short cooking cycles at

in higher freeness values,

lower ash content and better:strength characterlistlics than

the prolonged cooking cycles.
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Zarnest, Fauad and Clark (5) in their investigation
used rice straw from Louisiana, Arkansas, and Egypt. They
employed mechano-chemical and pressure pulping techniques.

The mechano-chemlical process was carried out for one hour at
90° ¢., using 14, 16, and 18 per cent chemlcals for the soda
process and 14 per cent chemicals for the kraft process. The
pressure cook process was carried out for two homurs at 170° C,
using 12 and 14 per cent chemlicals for the soda cook and 15
per cent chemicals for the kraft process.

The mechano-chemical process using caustic soda for pulpe
ing was most effective 1n developing pulp strength. It was
more effective than mechano~-chemical process using kraft
liquor and was more effective than the pressure techalques
used. Pressure cooked pulps required less chemical for bleach-
ing than pulps obtained from the mechano-chemical processes.
Low ash content (0,50 per cemt) of the rice straw pulp could
be obtained by the mechano-chemical technique with caustic
soda,whereas ash content values as high as 12.0 were found
when straw was digested under pressure cook.

It was also found that centrifugal cleaning of the pulp
was an effective means for improving the quality of rice straw
pulp. This procedure resulted in ease of bleaching and im-~

proved strength characteristics of rice straw pulp.
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Hoepner (8) investigated the pulplng of rice straw by
the soda process using different concentrations of caustic
soda at 120° and 170° C. for two hours. The yleld decreased
considerably with lncrease in temperature and caustic soda,
He studied and discussed the effect of cleaning , cooking

temperature, and cooking time on physical properties and yleld,

Table XIa, Pulping Data and Strength Property of Rice Straw
Pulp at 125%° ¢, (8)

NaOH % 8.4 10.8 14.5 19.3

Added

Used 57 TeT 10.0 14,8
J. N. permanganete no. 85.0 68. 61 56
D. P. 955 1010 1080 1100
Yield % 70.9 67.1 67.0 64.7
Ash % 19.0 17.8 16.7 9.4
Strength properties (masec.

values)
Tensile strength, km. 5.2 5.6 7.0 8.0
Foléing endurance 130 270 400 500
Bursting area, sq. m. 24 26 20 37
Tearing strength, gm. cm./om 96 95 100 101
Yileld.bleach

Pulp basis % 85.0 88.5 92.1 91.8

Straw basis % 60.0 59.3 63.4 60.0
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Table XIb. Pulping Data and Strength Preperties of Rilce
Straw Pulp at 170° c. (8)

NaOH %

Added 8.4 10.8 14.5 19.3

Used 8.1 10.2 12.0 16.5
J. N. permanganate no. 96 68 54 52
D. P. 985 1015 103% 1095
Yield % 23.1 22,7 15.1 12.5
Ash % 64.1 62.0 60.6 58.8
Strength propertiex (max.

values)#*
Tenslle s*rength, km. 5.3 5.1 5.4 6.9
Folding endurance 85 110 190 350
Bursting aree, sq. m. 25 24 28 34
Tearing strength,gm. cm./cm.96 82 105 107
Yield

Pulp basis % 87.7 9l1.0 92.0 92.0

Straw basis % 56.1 56.5 58.8 54.1

A. E. Williams (14) in his report mentioned that pulp from
rice and wheat straw was produced in the followlng manner:
Pleces of straw, cut into one inch lengths, were mixed
with lime to soften the plant tissue and to assist ir re-
leasing the cellulosej; thls mixture was then transferred into
digesters. The author reported that the Indian Forest Research
Institute carried out experiments with 10, 12, and 15 per
cent lime in a temperature range between 142 and 162° C., to

find the most sultable concentration of alkall and working
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temperature. It was reported that the yleld frowm wheat straw
was higher whea 12 and 1% per cent lime was applied. In
addition the straw, treuated with 10 per cent lime, was found
to be undercooked. 7The yield with 12 and 15 per cent chemi-
cals at 142° and 153° C. was higher than the yleld obtained
at 162° C,

The Institute made many attempts to convert rice husk to
useful pulp, but efforts have not been very promising so far.
Rice husk cooked with 15 per cent lime for six hours was not
even softened. In other experiments, husk was soaked in water
for 25 days and then digested with 26 per cent caustic soda
at 162° C. for six hours; this brought about some softening
of the husk. }Further processing produced 35.1 per cent yleld
of materlal 1n the form of powder, which possessed limited
usefulness.

Research work carried out at the Institute showed that
strength propertles of both wheat and rice straw increased by
beating the pulp. It was concluded, consldering strength
propertlesz and yleld, that the digestion of rice straw with

12 per cent lime at 142° 6. for four hours gave the best results.
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The report of the Unlted States Technlcal Co-operation
Mission to India (13) described the Van Hwa plant nf Talpel;
Talwan, as to chemlcal composition the rice straw used in that
mill, when compared with wood, contained approximately an
egual amount of holo cellulose. However, the rice straw con-
talned more hemlcellulose and less alpha cellulose than wood.

The pulp from rice straw was prepared by a three step
process: l. H8team purging, 2. Liquor impregnation, and
3. Pressure cookling. The pulping conditlon may be seen from

Table XII.

Table XII. Pulping Conditlons Used in the Van Hwa Plant (13)

Cooking temperature 170° ¢.
. Cooking pressure 90 P.S.I.
A Cooking cycle 6 hours
Charge and steaning 50 min.
Hot liquor impregnation 1 hour 30 min.
Heating from 140 to 170° C. 20 min.
Cooking at 170° C. 3 hours.
Steam relleving 20 min.
Dumping 20 min.
Sodium hydroxide used # 9 per cent
Chlorine used #*i 6 per cent
Sulpher Dioxide used ##* 1 per cent
Pulp yleld from dilgester ### 48 per cent
Pulp yleld from bleaching #*## 42 per cent

# Based on a. d. rice straw.,
##* Based on 2. &, pulp
##¥% Based on o. d. straw
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Bleaching wes carried out in two steps: (1) bleaching
by means of =oaium hypochlorlte, soaking at room temperature
for at lesast 12 uours teo reduce the nodes and shives in the

%

iron in the straw pulp. The brightness reported was 75 per

straw, reatment with sulphurous acld, to reduce the

cent.

Screening wae carried out in two stages, a procedure
which gave cleaner straw pulp than one stage screening.

The =ztrength quelity of rlce straw pulp actnally approached
tiie strength of =2oft wood sulphite pulp in all characteristics
except tearing resistance. The fiber length of straw pulp
wag fairly short zad the drainage time relatively high. Thus
high quelity paper could be produced when the bleached rice
straw pulp was bhlended with some chemical wood pulps or rag
pulpn.

L. Bogulslawskl and J. Marchlewska-Szrajerowa (20) in
thelr renort described the rice straw pulp mill in Sznolnok

which uses the kraft and neutral sulphite process.

V. PROBLEMS CAUSED BY USE OF RICEHE STRAW PULP IN PAPEKRMAKING

Vewos, Mero. and Langyel (15) found in their experiments

that rice straw may cause difficulties due to its high ash



content., Suitable cooking conditions could be found to elimi-
nate the complication caused by high @sn content. The authors
obgerved ¢ifficuitlies or the paper machine, especlally due to
slow drainage in dewatering end due te vicking on press rolls.

The authors carried out laborstory and mill experiments
and they cleoelmed that one could produce good quallty paper
from rice a5 well ag wheat straw 1f the followlng conditlons
were meintained: a relatlvely free stock, &s little water on
the vwire ag »ossible for the sake of proper dewatering, a
wlre of proper length provided with ample number of suctlon
boxes, good transfer from wire to presses, and perhaps the
application of vacuum trangfer.

Kober, Langyel, Tibor end Morvey (17) stated that the
difficulties encountered on the paper meachine when one uses
straw pulp are malnly caused by sticking of wet pulp at the
first »nress. These difficultlies can be explained by the
differsnce in wet tearing reslistance between wood pulp and
straw pulp. At an equal degree of beating, the dralinage
rate for wood pulp 1s different from that of straw pulp.

The performance of straw pulp on the paper machine is infiu-
enced favorably by short coeklng cycles and by use of ade-

quate quantlty of chemicals in cooking. The strength charac-
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teristics are favorably influenced by thorough washing of
the straw pulp and by multi-stags bleaching procedures. The
strength characteristics are unfavorably influenced by pro-
longed storage. Simllar observations were reported by P.

Gatl and G. Vamos (18).

VI. RECOVERY OF CHEMICALS AND STEAM FROM RICE STRAW PULP
BLACK LIQUOR

When the rilce straw pulp is prodiuced by the soda or
kraft process, one should recover chemleals, since, otherwlse,
cost will be very high. In addition, the rscovery 2f ths
fuel value contalned in the black liquor 1s of maln import-
ance 1a production of pulp from rice straw. In racovery of
chemicals the high content of sllfica 1n rice straw is an ob-
stacle. The sllica reacts wlth alkall and produces silicates,
which in turn cause encrustation in evaporators and furnaces.
Due to these jifficultles caused by high silica content, onc
has to find somc prucess to eliminate silica from black 1li-
quor before evaporation (16).

Kober, Mero and Langyel (17) dlscussed the recovery of
chemical=s frow waste liquor. The methods of reclamation of

chaenicals from biack liquor, from sulshate and soda pulping



allke were complicated dus to hlgh sillca content of rice straw

amounting to 8 to 12 per cent.
sulted 1n 16 to 22 gme./liter of
Tne suthore stated that the
moval of sllica compsunds before
liquor were the CEPI process and

second method which used CalC and

This high sllica content re-
silica in black liquor.

best known methods for re-
avsnoratlon of the waste
the Gruen process (19). The

eliminatad the silica eompounds

by means of carton dloxide was qulte promisiang 1ln laboratery

experiments, beceuse 1t removed

s1llca effectively and pro-

duced a nrecipltstc, which weas relatively easy to filterx.

The authors continued that the recovery of lime used

for cansticlziag iz not pragtical at preseant and will be

possible only as soon &g the problem will have been solved

of how to remove the silica content from black liquor.
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Experimental Design

Ob,jective of the Projact:

Tae purpose of this investigation was to ascertain
whether suitable cold soda pulp could be prepared from
rice straw.

Experimental Procedure Planned for this Study:

It was planned to carry out cold soda pulping of
this straw, using 4 to 6 inch size pieces. The pulping
variable studied was the effect of the period of soaking
of straw for one-half hour, one hour and two hours. The
concentration of the caustic liquor to be used was
60 gms/liter. This was done at room temperature and
atmospheric pressure.

At the end of the soaking period the residual alkali
in the liquor was estimated.

The yield of refined and screen pulp was determined.
The zero-span was determined for fiber strength. The
freeness of the pulp was recorded.

In addition it was planned to carry out single stage
bleaching with nypocalorite, inydrogen peroxide and zink
hydrosulpnite.

Experimental ¥Work

Raw Materials, Method and Equipment Used

I. Straw:

The rice straw was obtained from Louisiana State,
U.5.A. The straw was cut into pieces of 4 to 6 inches
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in length by paper cutter and stored.

II. Preparation of Cold Soda Pulps

Pnree pulping experiments were made.

Pulping Procedure:

In all experiments the variable studied was the
effect of time on soaking straw in alkali. The other
variables pressure, temperature, concentration and
liquor-to-straw ratio were kept constant.

For each experiment an equivalent amount of 200 gms
A.D. straw was weighed out and 1500 ml of 6 per cent
sodium hydroxide was added separately.

pH of Liguor:

The pH of liquor was determined at the start and
end of the steeping period by means of a Beckman pH
meter equipped with glass electrode.

Residual Alkali:

After the soaking period the excegss of lLiquor was
separated by filtration and 10 ml of this liquor was
titrated against hydrocnloric acid and the amount of
residual alkali was calculated.

Total Sglids:

To determine the total solids in black liquor
10 ml of black liquor were used and evaporated on a
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sand bath. The total solids present were calculated
on oven dry.

Refining:

After the black ligquor was removed the straw was
refined repeatedly in a Bauer refiner using for first
pass drecker plate and for second and third pass through
medium plate at load of 3.5 amperes on meter with water
running through the refiner.

Yield:
After screening through 0.0l inch cut screen, the
yield of the screened pulp and rejects were determined.

III. Bleaching:

For each bleaching experiment the amount of pulp
used was 15 gm O.D. The bleaci requirements and the
consistency were different for different experiments.
The pH before and after bleaching were noted. The
temperature was kept constant at 500 C for 60 minutes.
The yield and brightness were determined.

Bleaching by Hydrogen Peroxide:

The amount of pulp used was 15.0 gms O.D. at
consistency of 3 per cent. The chemical used was % gm
of 3202 per 100 gm of O.D. pulp. Temperature and time
were maintained constant at 50° C and 60 minutes at pH
10.0.
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Bleaching by Hypochlorite:

The consistency of the pulp was 1 per cent. 10 gms

of available cnlorine were used per 100 gm O.D. pulp at
pd 10.0.

Bleaching by Zink Hydrosulphite:

The consistency of pulp was % per cent. Chemical
used was 4 gms per 100 gms O.D. pulp at pH 5.0.

IV. Evaluation of pulps for Fiber Strength

Properties:

For zero-span of pulp the nand sheets were prepared.

Forming of Handsheets:

Handsheets were prepared in accordance with TAPPL
standard procedure TZ205M-58 and these were conditioned
in a constant temperature and huanidity room as specified
by TAPPI standard practice.

Tegting of Handsheets:

Tne handsheets were tested for basis weight, bright-
ness by I.P.C., and zero-span, according to TAPPI standard
procedure.

Presentation of Results

Experimental conditions, alkali c¢onsumption, yield,

freeness are shown in Table I. The bleaching experiments
data is given in Table II. The fiber strength, zero-span



of unbleached and bleached pulps are shown in Table III.
The brightness of unbleached and bleached pulp is shown
in Table IV.

The values for rejects, accepts and zero-span
plotted against time are shown in Figures I, II and III.

Discussion of Results:

I. Pulping Results:
a) Alkali Consumption:

‘The alkali consumption decreases with decrease in
time of penetration. 1In all three experiments alkali
used were 1l02.7 gm. In experiment I due to long
penetration time more alkali was consumed than in
experiment III.

b) Screen Rejects:

The amount of screen rejects was high wanen relatively
penetration time was small. This was resulted due to
inadequate penetration.

c) Yield:

The yield is maximum 1n experiment III, I and then
II. Tihne acceptable fibers are maximum in experiment III
may ode accounted for relative difficulty in screening.

II. Bleaching Characteristics:

In bleaching the aypocilorite is most suitable for
rice straw pulp as it gives rise in brightness by 14



points approximately. Treatment by zink nydrosulphite
reduced the brightness, while aydrogen peroxide increases
brightness by 4 points approximately. While loss in both
nypocnlorite and hydrogen peroxide is equivalent. Lower
the consistency more gain in brigntness point, which is
observed in hypocilorite bleaching.

In experiments II and III zafter bleachaing the zero-
span increases are due to the removal of lignin.

III. Strength Characteristics:

The zero-span of fiber is relatively higher when
penetration time is longer. It can be accounted for
removal of more lignin. The strength decreases in
experiment I after bleaching but increases in experiment
II and III. 4t lower penetration time, pulps obtained
nad low strength properties. This is apparently due to
insufficient removal of lignin.

Conclusions

a) Rice straw is suitable for the manufacture of
cold caustic soda pulp.

b) To obtain better quality of pulp, the straw
should be washed and cleaned before penetration, to
remove node, dirt and grit.

c) The 6 per cent sodiua oydroxide for rice straw
produced the best strength properties and fairly good
yield.

d) Instead of single stage bleaching if three stage



bleaching is carried out, then better quality pulp can
be expected.

e) In no case is zink aydrosulphite suitable for
rice straw. The hypocnlorite is most suitable.
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Table I: Pulping Conditions and Results

&xperiment I I 111
Straw used 0.D. gms 202.0 196.0 196.0
Time of Penetration in hnours 2 1 1/2
Accepted fibre 78.0 72.5 80.0
Rejected fibre 6.0 74 28.7
Yield % 39.3 %26.4 40.8
Alkali used in gms 102.7 102.7 102.7
Alkali consumed in gms 46.21 43.43% 36.9>
Total solids 83 .44 6©93.12 60.38
pH of alkali 10.3 10.3 10.3
pH of B. Liguor 10.3 10.3 10.2

Preeness in C.S. 450 317 390




Table II.

Data of Bleaching

Type Pulp Cnemical ‘ime Temp. pH Consistance Loss in gms
of No. Concemtration in 18 %
Bleaching in_gms minutes _C
10 gm available ' -~O
Hypo-
Chlerite (g " 60.0 50° 10.0 1.0 4.50
1II " 60.0 50° 10.0 1.0 5.43
I 3 gn/l00Ogm 0.D. 60.0 50  10.0 3.0 1.50
Hydrogen e
Peroxide II " 60.0 o) 10.0 3.0 4,12
111 " 60.0 50° 10.0 2.0 5.25
. ; i I 0 5 ——etam
7ink I 4 gm/100gm O0.D. ©60.0 90 560 3.0
Hydro- " : 0° 5 . .8
sulphite X ©0.0 50 5.0 3.0 3
IIT L 60.0 50° 540 2.0 4.8




Table III: The Zero-span of Bleached and Unbleached Pulps

Type of Pulp No. Zero;span in meters birsg.
Bleaching Before After in
Bleaching Bleacining zero-span
Hypochlorite I 9971 9563 - 408
II 8543 9652 + 1109
III 7604 3547 + 1943
Hydrogen I 9971 8584 ~ 1383
Paroxide II 8543 9257 + 714
III 7604 10,281 + 2677
Z2ink I 9971 — —
Hydrosulpiaite II 8543 9128 + 585

III 7604 8385 + 781




Table IV: The Brightness of Bleasched and Unbleached Pulps

Type of Pulp No. Brightness Difference
Bleaching Before After
Bleaching Blesaching

Hypochlorite I 22.4 39.1 + 16.7
II 19.1 24,5 + 15.4
III 2l.2 54-1 + 1209
Hydrogen I 22.4 25.9 + 3.5
Psroxide II 19.1 2745 + 8.4
IIX 2l.2 24.9 + 3.7
Aink x § 224 DU -
H{ydrosulphite II 19.1 L6 o - 0.7
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