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Rice straw is abundantly avail«

able inmany parts of the country.

For successful utilization of this

agricultural residue in mini paper

plants, there is need for develop-

ing & simple process. Some

interesting new developments

like the Lemaire process, H-F

process have revived straw

pulping in other parts of the

world. The urge for setting up

mini paper plants based on

utilization of agricultural resi-
dues in this country nced to be
over emphasized. One impedi-
ment is the problem in obtaining
asteady supply from farmers
and also the fact that authentic
figures about the availability of
the rice straw in various parts of
the country are not readily
available Further, for efficient
utilization of rice straw simple
and competitive or more econo-
mical processes have to be deve-
loped which are also acceptable
environmentally.

It was obvious that a semiche-
mical process may be the
solution, as this will require less
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Rice Straw Pulping And

Papermaking

A semichemical process consisting of chemical(caustic soda) treatment
under atmospheric conditions followed by defiberizing and strong
chlorine bleaching, which produces bleached pulp yield of abaut 607,
is described. The merits and demerits of the process are compared
with the pressure pulping technique using caustic soda, sulphate white
liguer and sodium sulphite as active pulping chemicals. The semi-
chemical process has the advantage of using less chemical and as such
will not necessitate chemical recovery. Additional advantage of high
bleached pulp yield, simplicity of the equipment, makes the process
more attractive. In the pressure pulping technique, monosulphite pro-
cess is found to be inferior to that of soda or kraft process. Efforts to
produce greaseproof paper from Rice straw pulps obtained under
atmospheric pulping conditions and so also using pressure pulping

technique did not meet with success.

cheraical and further by restrict-

ing the dissolution of the organic *
matter from rice straw, there is

possibility of disposing off the
effluent without chemical reco-
very and without any  biological
treatment. The present study
- gives data for rice straw pulping
using semichemical process for
producing bleached varieties of
papers and this has been com-
pared with chemical pulping. -

Eiperimental 3

The rice straw was obtained
from the Belgaum region. The
straw was cut to 2.5 to Scm

long pieces and screened on a '’

20 mesh screen to remove fines
and dust, The -screened straw
was used for pulping experi-
ments. Some of the material

was converted into powder for .

proximate analysis (Table I).
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refiner.

Two type of pulping techniques
were followed viz. (1) Atmosph-
eric pulping and defiberizing in

- disc refiner (2) Pressure pulping

and passing the contents through
disc refiner. Pulps of low lignin
content as obtained using press-
ure pulping were not necessarily
to be passed ‘through the disc
However, this was
done to accomplish complete
fibre separation and simultaneo-
usly beat the pulp, so that no
separate refining treatment is
necessary.. For this reason both
the unbleached and bleached
pulps after washing, were used
directly for paper making.
Standard handsheets were made
on the British sheet making
machine and air dried. The
unbleached pulps were tested
for kappa number/permanganate
pumber ash and silica content
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(Tadle IN. The bleached pulps
were tested  for ash,  silica,
brightness, viscosity and pento-
tans content (Table 111). Blea-
ching was carried out wsing
single stage calcium  hypochlo
rite bleaching. The pulps were
tested for Bauer-McNett  fibre
classification (Table 1V) and the
physical strength characteristics
of 100°] straw pulp and those
of blend of 80% straw pulp and
20", bamboo chemical pulp were
ako determined (Table V).
Microscopic examination of the
fibres was done (Table VI) for
their fibre length, fibre width,
cell wall thickness, ete.

TABLE I—Proximate Chemical Analysis of Straw’ ' s

All values expressed on 100 gm. oven dry material. 03*5

s

Ash 22.2 %/

Silica | 14.5 "

Cold water solubles i1 g0 134 ‘
Hot water solubles 16.5
1% NaOH solubility 51.4
Alcohol-benzene solubility 13
Pentosans 200
Lignin (corrected for ash) - 9.4
Holocellulose (corrected for ash) 59.2

* Material passing through 40 mesh was used for the analysis

TABLE II—Pualping Data of Rice Stra

Type of process Atmespheric
pulping Pressure—Pulping
Semichemical Soda Kraft Monosulphite Monosulphite :
Cook No. 1 2. - 3 4 5 ‘
Chemical (as such) applied on  NaOH 5% NaOH-12% NaOH 9.74), Na,SO; 11.57; Na,SO; 7.07;
straw, % / Na,S 2.26% NaOH 0.5, NaOH 0.5

Chemical (as Na,O) applied
on straw, %

Liquid to straw ratio
Cooking temp, “°C

Time to raise to cooking temp.,Min.

Time at cooking temp, Min.
Chemical consumed ¥ (S Na,0)
Residual chemical as Na,O, g/l
Spent liguor pH

Refined through the 12” disc
Laboratory Sprout-Waldron
refiner under the following
conditions:

Consistency, 9/

No. of passes

Plate clearance; mm

Total unscreened unbleached
pulp yield, 7,

Brightness, ¥,

Kappa number

KMnO, No. (40 ml)

Ash in pulp, %, .
Silica in pulp, %
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40 9.3 9.3 6.1 . 3.9

6:1 6:1 61 6:1 6:1

95 140 140 160 140

15 920 90 120 90

30 60 60 60 60

2.8 - 7.5 1.9 2.9 35

1.0 3.1 2.5 . 5.6 1.1

10.8 11.1 10.8 8.0 7.9

5 S 5 5 5

Single Single : Single Single Three
2.29 3.81 X 3.81 3.81 5.3,4.7,38
67.5 52,9 . 51.9 64.1 . 70.9
21.8 - 403 41.5 . 41.1 28.3
34.0 L o 36.8

6.2 Yy R 7.9
16.9 13.0 13.7 244 19.8
14.5 9.1 9.7 o ¥ 169
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/ . Table 1I1—Bleaching Data of Rice Straw Pulps
, Single stage calcium hypochlorite bleaching-Consistency, % 5, Temp , *C 45
(1__' Type of process Semichemical Soda Kraft Monosulphite Monosulphite
Cook No. 1 2 3 4
Available chlorine added on pulp, % 15 50 50 5.0 15.0
Chlorine consumed, 9, 14.6 34 26 3.6 14.8
Sulphamic acid on available chlorine, % 30, ' 14 1.4 2.0
Lime (as buffer) on pulp % 2.6 Nil  Nil Nil 0.74
(1009, av. Ca0)
Re:icnnon time, Min. 60 60 20 35 45
gn pH : 08 ., 79 18 7.9 8.3
,.SO. (for reducing the pH to 4.5) on pulp, % 2.2 02 0.2 0.2 0.51
Brightness 9, (Elrepho) 640 627 63.4 62.8 64.2
Viscosity ¢p (0.5% CED) 10.1 9.5 113 7.1 5.3
Post Colour Number 8.1 3.0 43 3.6 4.1
Shrinkage during bleaching, % 12.4 9.8 142 11.6 12.0
Bleached pulp yield, % 60.5 48.0 48.8 55.8 62.4
; Ash in pulp, 9, 165 1.8 124 25.4 25.0
. Silica in pulp, % 14.3 89:.. 9.1 2.3 19.4
Peatosans in pulp, 9, 2.3 2L9iC 228 19.2 15.6
Ash free blexched pulp yield, % 505 423 428 41.6 46.8
b Table TV-Bauer-McNett Fibre Classification of Bleached The spent liquor obtained from
Rice Straw Pulps the semichemical pulping of
: straw was analysed for BOD,
v §£michemical Sod Kraft Monosulphite Monosulphite = COD, colour etc, and the
= M Q @ 3 @) 5 pollutant load (Table VII) per
~ebaared ) ) 3 ) ton of unbleached pulp produced
onrmS,
ac 19 6.6 6.6 10.9 9.7 has been worked out.
SO 11.5 10.8 10.9 11.7 8.5 Results and - discussion -: The
proximate chemical analysis of
teo 20.4 - 19.3 19.8 .12.1 15.1 Rice straw shows a bigh ash- and
150 10.1 7.9 8.7 8.4 8.4 silica content. The lignin content,
Parravrg 50.1 554 540 56.9 58.3 is low i. €. 9.4% but the high 17
4;,,.,“32‘5-0 : NaOH solubility shows greater
classification of the bleached bamboo chemical pulp susceptibility of the carbohydrate

fraction to alkaline conditions.
The results in Table II shows
25 50 100 - 150 Passing through that using a soda charge of 5%,

Fiaction retained on mesh

150 mesh a temperature of 95°C for 30

= ' minutes and disc fiberizing the

: -A’ : treated straw, a pulp of 67.5%
f26-49.1 . 16.5 5.1 ~..32.9 i yield was obtained. This high
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Table V—Physico-Mechanlcalr Poperties Of Rleached Steaw Palps And Those Of Bsendl
With Bamboo Palp .
\NTT
100 Bamboo 1009, Straw pulp Blends 80% Straw pulp Qk’é
rulp Semi- Soda Kraft Mono- Mono- 20% Bamboo pulp %
Bleached sul.  cheical sulphite sulphite 80%SC 80% 80% 80%Mono. 86% Mong.
phate chemical SC 20% B * Soda Kraft sulphite sulphite
Cook No. 1 2 3 4 ] 20%B 20%8B 20% 20% B
Particulars
Preeness, "SR 12 64 60 55 60 60 61.5 53.5 480 56.5 580
Drainage time, Secs. 53 264 225 195 181 262 19.6 124 118 134 20.4
(zhect mould)
Brightness, ®, (Elrepho) 69.1 65.6 65.7 67.8 69.1 67.8 67.0 66.1 684 69.1 672
Specific Sc. coefficient,
cm?/g 36 365 502 497 546 450 352 447 474 510 440
Opacity, % 834 870 922 96 913 874 84.4 894 884 90.6 86.7
Basis weight, g/m$ 61.3 600 593 60.7 605 61.0 58.8 58.3 587 59.1 60.3
Bulk, cm?/g | 4 | 1.7 1.60 1.62 1.8 1.77 166 1.59 1.61 1.86 1.76
Breaking length, km 50 4.6 63 603 367 3.08 4.7 592 59 426 3.01
Stretch, % 30 1 30 33 a2 3. 32 32 28 21
Tear factor 71.0 442 541 418 496 369 528 549 571 54.1 41.6
Barst factor 36.3 334 46.4 45.8 274 174 36.5 433 431 298 17.8
Double fol_ds (MIT) 26 74 167 168 14 65 77 90 113 19 4
Air Resistance A
Bendtsen ml/min. 1020 84 95 113 257 i 97 155 192 310 386
Wet web strength (20% 316 29.0 350 348 31.8 255 36.0 43.0 42,1 38.2 26.4
dryness) metres
Ash in handsheets, 9, 0.98 14.7 8.7 99 227 222 18.9
Table-VI - yield pulp obtained under mild
Morphology of Straw fibres conditiors, could be bleached
Rice Straw  in single stage to 64% brightness
Length, mm : 092 using a charge of 15% available
Diameter, microns 1.5 chlorine on pulp with pressure
Lumen width, microns .18.2 pulping technique pulps of lower
Cell wall thickness, microns ~2.2 lignin content and easy blez_mhing
Tubuler fibres, %, 92 propertn;s w::r;:l otl‘)taincd. H;w.

: = . : ever, the as ree bleached -
Rikbon .ty pe Swes, 7% : 8 pulp yield is higher by about.
L/D ratio 122.7 8% for the semickemical pulp
T/R, 7 57.3 when compared to soda, sulphate
Fibre length distribution, ¥, and monosulphite chemical pulps.
0.0 —0.57 : 1.5 Surprisingly when producing
0.59—0.86 40,2 straw pulps of low lignin content
0.87—1.14 38.3 by the monosulphite process,
1.16—1.43 9.3 - no  additional advantage of"
1.44—1.72 417 increased carbohydrate reten-
173 -2.00 ; — tion was obtained. On- the
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1R.A.A. gplas NaOH
B.1.. total solids, w/w, %
Ash (At 600°C. for 2 hr,) - 4
Total volatile solids, %
1norganics, %
Organics, %
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contrary the treated straw was
hard and gave more non uniform
pulp. In this context, for the
sample of straw studied it
appeared  that monosulphite
process is not in any way
superior to that of soda semi-
chemical or soda chemical.

The Biuer-McNets classification
(Table IV «for the rice straw pulp
shows that it has.small fibre di-
mensions together with considera-
ble quaatities of fines. Because.
of small fibre dimensions and
considerable quantities of fines,
cell debris, it is expected that
the physical properties especially
the tear will be inferior and the
pulp will also exhibit poor
dewatering on the wire during
papermaking. This has been
shown in Table V. Properties
like breaking length, burst factor
- are quite satisfactory for the
soda and sulphate chemical rice
straw pulps, however, drainage
is much poorer when compared
to bamboo pulp. The semi-
chemical straw pulp has some-
what low strength characteristics
compared to soda or sulphate
chemical straw pulp. The pro-

Table VII

7 cmracteristics of the Spent Liquor From Sem|chemieal
g Pulping of Rice Straw

10.8
30
4.44
1.38
3.06
9
68.1
4.62
42
730
7'3
157

perties of the blends show that
straw pulp can be used in very
great proportion in mixture with
bamboo pulp for the production
of fine papers. An advantage
of usiag rice straw pulp is that
they exhibit good opaicifying
properties as shown by the
results of -scattering coefficient.
When  considering, utilizing
straw pulp alone, machine wire
part and press part will have to
be suitably designed to provide
adequate drainage capacity and
also reduced press pick ups.

The results in Table V show that
monosulphite straw pulps have
poor physical strength characteri-
stics.  Obviously the ash content
in these pulps is also high, which
implies that itis an advantage
of the monosulphite process as
it enables to sell inherent
inorganic loading as paper.

The morphological data (Table
VI) of straw pulp reveals that
most of the fibres are tubular
and it is expected that ‘confor-
mability of such ‘fibres will not
be good. Probably for this

Ippta July, Aug. & Sept. 1975 Vol. XII No. 3:

reason effort to produce grease-
proof paper as determined by
the blister test were not success-
ful even after fractionation of
pulp and discarding a relatively
high proportion of fines/debris.
For this study semichemical,
soda, sulphate and monosulphite
pulps were studied and beating
carried out in the lampen ball
mill. The freeness was 80—85°
SR. In all the cases sheets of
40 g/m? were made, but a
satisfactory blister test was not
obtained,

As the semichemical process is
considered more attractive from
the point of chemical consum-
ption, simplicity of the equip-
ment with no arrangement for
chemical recovery, a study of the
spent liquor as obtained after
the treatment of straw was made
and the results are given in
Table VII. For very rigid
conditions the level of pollution
may be unacceptable. However,
depending on individual condi-
tions this should be considered
and a reduction in colour may be
desirable. This could be taken
care of either through soil
infilteration or adding oxidising
agents.

Conclusions : Rice straw could be
utilized to great advantage using
semichemical process for the
production of fine quality
printing and writing papers.
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