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With ihe increasing demand for paper and paper boards and the high
capital investment needed for starting new large paper mills, atteation
has now iturned towards the establishment of small paper mills, especially
in developing countries where finances are nct easy to find.

The low cost of setting up a small paper mill can be iraced {o many
facts, the most important of them being:

1. Most of the mini paper mills (i.e., with capacities up to 30 TPD)
do not have a recovery unit which substantially decreases the initial cost.

2. The raw materials used do not need drastic conditions of cooking/
bleaching as needed by the conventional raw materials like bamboo and wood
and consequently, the capital cost of the pulp mill equipment is considerably
low.

In a developing country like India, therefore, this idea has caught
the imagination of many entrepreneurs and a number of these small paper
mills have and are still coming up. As the delegates themselves are aware,
in this conference there is a paper on second-hand equipment and its
opportunities. Increasing low-cost mills show that a small paper mill can
be set up easily at luw cost by importing a second-nand machine cf lower
capacities and by putting up a less expensive pulp mill with facilities to
pulp easily pulpable raw materials; mainly agricultural residues (also
known as annual plants) like rice straw, wheat straw, bagasse, jute, and
secondary fibres like waste papers gunny and rags which require less
drastic pulping conditions,

The reasons why agricultural residues are not so popular ac raw
materials are technical as well as techno—ecomomical. The ecomomic
reasons being that the material is bulky, therefore, expensive to hardle,
collect and transport and that it tends to deteriorate rapidly on storage,
thereby diminishing its fibre value.

The technical aspects wuich *hwart the uge of rice and wheat straw as
potential raw materials are:

a) The small cell dimensions of these straw fibres. The average
fibre length of the rice straw fibre {from straw growing in the Andhra
Pradesh region of India) is 1.15 mm, and the cell diameter is only 9 m as
compared to the fibre leng*h of 2.0 mm and fibre diameter of 18.5 m for
bamboo (Dendrocalmus strictus) and 0,9 to 1.3 mm and 17 %o 20 m for hard-
woods from Andhra Pradesh. (1) Purther, the paper making fibres consti-
tute only 35 to 40% of the rice straw and tpe rest, being vessel elements,
parenchyma cells, etc., have nc paper making value. (2) Hence, use of
these straws can not be used in the production of paper of nigh strencth
properties.




z) The rresence of outer cuticula rich in silice will 2lsc presen
tecrknical problems in reccvery, The n;gﬁ silicz content in rice straw
(as evident from the proximose znmalysis presented in Table-I) will get
dissclved out in the alksli Iurxing <he voox:.né stage and will find its
way inte the spent liguor in <he form of sodiwm silicate, Such a black
liguor rich in siliez can not te precessed in conventional recovery units
for obvicus reasons,

The present Paper examines the weys and means of overcoming acst of
these difficulties and how a2 suitable zmethodology can be estatlished to
achieve the twin objectives of lower production costs and tolerable
strength properties of taper made from these agriculturel residues,
especially rice straw,

In a predeminantly agricultural country like India which produces
about 135 million tonms of grains out of which about 55 million tons
is rice, there is no dearth of these straws, rice straw and wheat
gtraw, It is known that for every ton of xrain produced, 1,5 tons
of rice straw and 2.5 tons of wheat straw are produced.

RESULTS AND DISCUSSICNS:

A3 stated in the introduction itself, rice strazw cell dimensicns
are considerably less than the cell dimengions of the conventionsl
paper paper making fibres like bamboo and hardwood,

A perusal of the proximate chemical analysis of rice straw ard
wheat siraw (vide Table I) indicates that the lignin content especially
in the rice straw ig ouch lower than that found in conventional raw
materials thereby indicating the applicability of less gevere cooking
conditions for pulping this. The high 1% NaoH solubility (~~38%) as
compared to 20% for bamboo and mixed nardwoods, (3) points out the use
of zild pulring process lest most of the gaterial will be dissolvecd out.

It is irteregting to ncte that the rice straw from andhra Pr radesh
nas 3 auch lower pentoson content when ccmpered to Zgyptian rice straw (J)
{31.64), and imerican rice straw (23.1%) (5).

The rice ztraw can therefore te subjected To 21ild zooking condi®ions
a5 given, *ta:tle=II) which are eazily attzirable in the pulping sections
£ small Paper (1ilis,

The strength properties of thes~ rice straw pulps are predictably
micn lower, The 2ooked rice straw pulp by itaelf can not be used ex~
clusirely oo amifacturing the untleacned varieties of paper, which are
zostly ized for packaging purposes, Tre tasic requirements for the
sackacing paner are nigher durst and nizh fensile strensth — attributeg
wrniich are seldem found in zice straw pulp,

7o get over this iifliculsy, we suzgest sthat this rize straw pulp
car. Be slended with gunny nulp 13 to the extent of 1% and when this
“end iz mun on *the slow speed macnines wnicn 2re in speration in most
min1 Paver Yills, 1t will produce packaging rapers of tolerable burst

wmd %fencilz,




Iz Table II, we present the pulping conditions for gzmny and the
strength characterigtics of the resuiting pulp, In Tables V, 7I, znd
ViI, we present the effect of blending of rice straw pulr with zunny
oulp (a raw material easily available)which could be a wav to get a
twlr of acceptable strength characteristics.,

BLEACHING CF RICE STRAW PULP

The bleaching of rice straw pulps has received little attention.
Tt has been reported that the rice gtrmaw pulps could be bleached by
either a gingle stage hypochlorite 6,7 or by the conventional CEH
sequence 5,8 to intermediate brightuess ranging between 70 and T5% G ¢g.
Systematic studJ of bleaching of rice straw soda pulps for the preod
ion of fine papers has teen reported by El Tarzboulsi and Abou Salem .
These 2uthors have subjected both commercial rice straw pulp as well as
nildl experimental rice straw sodz pulps to the following bleaching
sequences, CEH, CCEH, CE/H, CCE/H, CED, CCED. ZEDH, CCEDH, C~E/H-P and
CC-£/H-P, They have found thai both the pulps could Je tleached in =
urightness of about 85% >y applying a CC-E/H-P sequerce., The con-
ventional C-E~H sequenge gave only a brightness in the region of 75% .
Jouble chlorinaticn was found %tc be nrre effective than single
chlorination.

There are also reports in liferztwe of bleaching of rice straw
rulps of Kappa mumver 3-10 doujie staze hypochloritz bleaching tc a
orightness level of J0-75% GE™~, There has alsoc been another report \
on the tleaching of non-woci »ulps including the Lleaching of rice
straw pulps which refers to nill experiences in the bleaching of rice
gtraw pulps. 3Bleaching of rice straw pwlip nzde.in a soda chlorine
nill in Yogoslavia hag teen descrited by 7iola™™* The pulp made with
T-3% active alkali is wleached in 2 CEHH gystem, employing about %
chlorine in =z down flow zhlorination *ower and atout 1,5% chlorine-as
the hypochiorite in the hympo stages ¢f hleaching,

In our experiments we have tleached rice straw pulps to a bright-
ness level of 7Ck GE by single stage hypochlorite bleaching., The con~
Citions of bleaching and the characteristics of the regulting pulp are
presented in Table IV, We have confined ocurselves to a single stage
hypochlorite bleaching iecause most of the amall Paper Mills in the
coudtry do not have elaborate arrangemenis for oreaching.

Fror: the perusal of the results it i1g to be aeen that ite rice
gtraw pulipc can be bleached to 2 trightness level of TC% =y 2 zingle
ztage nymechlorite treatment, The csirength properiies of these
bleacheu pulps are also az2in on the lower side,

The strategy f vlending to further iuprove the strensth character-
istics zan te guccesafully applied in the cace of bleached pulps al:zo,

a2 tre “leacned pulis are emploved mostly for the manufacture of
the writiz; and printing vorieties of paper, the aprroach that has o
be adoplted 1s %o e such that boih the tearing -vrength and the folding
erdurince are Iincreaged,

Thiz zan e done 5y tlending tne bleached rice straw pulp wi<h
o

bleachen 2o%%con linters nuly (another ane fram annual slants). The
2o%ien Lintoss tan oo e23ily oulnel and tleached under the eonliition
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that can ne normally achieved with the zachinery found in mini paper
nills, In Table IV are presented the pulping 2nd single staze bleaching
conditions of the first cut cotton linters,

Fron the results, it is to be observed the cotton linter pulp car
be bleached to a brightness level of 73% and the pulp has high tearing
gtrength and good folding endurance.

The effect of bdlending of these bleached cotton linters puls with
Dleached rice straw pulp 1s given in Tavies VIII to X. It can pe seen
from the results that bleached rice straw pulps and bleachned cotton
linter pulps can e blended in. the ratic of 1:1 to produce a2 pulp which
can be ugsed in the production of porular varieties of writing papers.

Another atratesv that can bte employed to further improve the economy
af the small vpaver mills with rice straw as raw material is to resort
to anthraquincne pulping., It is weir xuuwn that addition of anthraguie
none or anthraquirone derivatives in alkaline pulping increases the
yield and also brings down the kappa number of the unbleaghed pulp; as
a result the cooking chemical dosage can be broudht down. "here have
been a number of Dapers Egglished on this AQ pulping, and these have
been reviewed as well, %115 However,- there has not been aay report
on the AQ pulping of agricultural residues, especially rice straw.

, Preliminary studies in our laboratory léhaVe‘shown“that AQ has a
beneficial effect on the rice straw pulping. i1v 1s tound that use

of Anthraquinone increases the yleld as well asg causes a small
reduction in the permanganate mumber, It follows therefore that

legser cooking chemicals (as ¥a_0) are required when Anthraquinone is
usel a3 a catalyat for delignif%cation. This will have a two-fold
veneficizl effect on the economy of amall paper mills: (1)Tncrease

in yield increases the output for the same quantity raw materiais used:
(2) Decreases in cookang chemicals decrease the cost or production consia-
erably, as these small paper mills do not have a recovery system, and so
the spent liquor ieg always drained., We are “neretore ltocking into the
AQ pulping of agricultural residues in detail and we feel that this
will “e one of the best methods of pulping for amall paper mills for
better eccnemy as well as ecology.

Tror the foregoing discussions, it is clearly evident that the
straws =~ especially rice straw — indeed lock to Se the mest promiaing
raw materials for the aini-and mediumesized paper ailla from tne techno-
economiz point of view, Tnis parer hoz 2ttenpted to highlizht scme
of the strategies that can e adopnted tc overcome she iifficulties faced
by the use of these ztraws,
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TABLE TI: DPROXIMATE ANALYSIS OF RICE STRAW AND WHEAT STRAW

s1. . Andhra Pradesh Rajasthan** ,
No, Pacticulars rice straw wheat straw_ _
1. Ash 17.89 8.0

2. Acid Tnsolubles 15.15 -

3. Silica 13.20 -

4. A-B Extractives 5.12 2.9

5. Lignin 12.8 21.0

6o Holocellulose €6.1 44, 2*

7. Hot water solubility 9.52 9.5

8. 1% MzOH solubility 38.1 40.1

a, Pentcsans 14.5 23.0

All th= results are expresssed as percentage on over dry basis.

*Cross and Bevon Cellulose,
**From reference 13,

TABLE IT: RICE STRAW AND CUNNY SODA CCOKING CONDITICNS

AND RESULTS
|
Y
S.vNo. Particulars : Rice Rice Rice
straw straw straw Gunrny
1 2 3 4
1. Chemical used (NaOH) % 6 8 10 3
2. Bath ratio 1:5 1:5 1:5 1:4
3. Cooking period (which inclyses
1/2 Br, to raise up to 140°C Hrs. 2.5 2.5 2.5 2.0
4. Cooking Tcmperature o€ 140 140 140 140
5, Pulp Zield % 60 54 52 62
6. Permanganate Fumber 15.5 13.7 11.6 25
7. Unbleached Pulp Viscosity
(0.5% CET) cps 13 13,2 13,6
8. Unkleached Puly hand sheets
brightness S6GE 36 40 41 22
9. STRENGTH PROPERTIE3 at 40° SR
i. Burst Index kPa mz/g 1,41 1.43 1.24 3.2%¢
ii, Breakirg iength, X.m 2.970 3.040 3.270 2,23C
iii. Tear Index, mm2/g 2.0 2.8 3.0 3.3
iv. Folding endurance (doubles
folss) 2 2 3 2514




TABLE ITI: SINGLE STAGE HYPO BLEACHING CORCITICNS AT RESULTS

OF RICE STRAW FULPS

..']_‘

S.Ho. Particulars Rice straw Rice straw Rice straw
6% soda 8% soda 10% sci

- pulp pulp pulp
1. Chlorine added: as hypo % 7 6 6
2. Consistency %c 10 10 10
3. Temperature o] 40+ 1 4C+ 1 40+ 1
4. Retention time Hrs 2 2 2
s, Buffer added as NaOH % 1.6 0.6 0.6
6. Residual chlorine gpl 0.21 0.41 0.47
7. Brightness GE®  66.5 70 70.5
8. Viscosity (0.5% CED) cps 5.4 10.7 9.4
9, SIRENGTH PROPERTIES AT 40 ER
i, Burst index kPa m /g 1.59 1.73 1.78
ii, Breaking length (K.m) 2.630 2.690 2.990
iii. Tear Index mNm</g 2.8 2.3 3.0
iv., Folding Endurarnc:z 3 2 2

TABLE IV: FIRST CUT COTTON LINTERS PULPING AND BLEACHING RESULTS
S. No. Particulars

Chemical used as NaOH % 6,0
2. Bath ratio 1:6
3. Cocking period (which includes 1 Hr
to 140°¢C) Hrs 8

4, Cooking Temperature o 165
5. Pulp Yield % 78.0
6. BEATER BLEACHING ’
i. Chlorine add as hypo % 4.0
ii. . Retention time drs 2,0
iii., Chlorine consimed % 3.0
iv., Brightness oGE 73.0
V. ‘Viscosity cps 38,2
7. STRENGTH PROPERTIES AT 40°sR
i, Burst index kPa m /g 1.92
i, Ereaking l@ngth (Km) 2.520
iii, Tear index mim</g 15.9

iv.

Folding encurance (Jouble folds)




STRENGTH PROPERTIES OF RICE STRAW AND GUNNY PULP AND THEIR BLENDINGS

TABLE V:

EVALUATED AT 40CSR 6% SODN COOKING OF RICE STRAW

R.S. 50%

Particulars Rice Straw

50%

Burst Index kPa m2/g
Breaking length (k.m)
Tear Index mim2/g

Foldirg Endurance (double

QWND—" w
»

2.7
4,690
4.9

22

TABLE VI:

STRENGTH PROFPERTIES OF RICE STRAW AND GUNNY PULPS AND THEIR BLENDINGS

EVALUATED AT 40°SR 8% SOLA COOKING OF RICE STRAW

75% R.S. 5C%

Particulars Rice Straw

50%

23
Burst Index kPa m“/g
Breaking length (k.m)
Tear Index mNm“/g
Folding Endurance (double

N -
N Wt

~

2.7
4.490
6.0

29
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TANLE VII: STRENGTH PROFPERTIES RICE STRAW- AND GUNNY PULPS AND THEIR BLENDING
EVALUATED AT 40° SR: 10% SODA COUKING OF RICE STRAW

No. Particulars Rice straw R.S5. 75% K.S. 50% R.S. 25% Gunny 100%
100% G, 25% G, 50% G 75% -
1. Burst Index kPa m2/g 1.84 2,27 3.145 3.69 3.96
2. Breaking length (k.m) 3,270 4,330 4,585 5.545 6.350
3. Tear Index mNm2/g 3.0 3.23 5.9 7.9 9.3
4. TFolding Endurance (double folds) 3 7 23 62 254
TABLY VIII: STRENGTH PROPERTIES OF BLEACHED RICE STRAW AND ITS ADMIXTURES WITH
BLEACHED COTTON LINTER YULPS: 6% SODA COOKING OF RICE STRAW
\
No. Farticulars Rice straw Rice straw 75% Rice straw 50% Cotton linterags \?
100% C.,linters 25% C.linters 50% 100%
1. Barst Index kPa mé/g 1.59 l1.61 1.78 ' 1.32
2. Breaking length (k.m) 2.630 2.600 2.510 2.520
3. Tcear Index mNmz/g 2.8 6.4 8.2 1.59
4

Folding Endurance (double folds) 3 8 1€ 29

-




TABLE IX: STRENGTH PRCPERTISZS OF BLZACHED RICE

STRAW

AaND ITS ADMIXTURES wiTiZ

BLEACHED CCOTTON LINTZR PULPS

8% SCDA CCOKING CF RICE

STRAW

S. No. Particulars Rice RS 75% RS 50% Cotton lin-
straw CL 25% CL 50% +ters. 1l00%
~10U%

1. Burst Index kPa m?/g 1.75 1.74 1.86 1.92

2. Breaking length (Xk.m) 2,690 2,640 2.600 2.520

3. Tear Index mMm2/g 2.3 5.1 8.7 15.9

4. Folding endurance (double .

€olde) 2 S 17 29

TABLE X: STRENGTH PROPERTIES OF BLEACHED RICE STRAW
AJdD ITS ADMIXTURES WITH BLEACHED COTTON LINTER. PULP
10% SODA CUOOKING OF RICE STRAW

No. Particulars

Rice RS 75% RS 50%

Cotton lin-

straw CL 25% CL 50% ters 10G%
100
1. Burst Index kPa m2/g 1.76  1.87  1.88 1.82
- 2. Breaking length (k.m) 2.990 2,610 2,770 2.520
3. T=ar Index miml/g 3.0 5.7 8.1 15.3
4, Folding endurance (double
folds) 2 6 16 29







