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‘Alkaline Pulping of Straws with Anthraquinone

Trivedi M.K.,* and Meghawat M.

ABSTRACT

Alkaline pulpina of wheat straw and rice straw was carried out under

* varyino ronditions of alkali concentration, time'?and temperature.

- sulphidity and anthraguinone (AQ) addition was™ examined.

Effect of
If was found that

i the advantagse of AQ addition in pulping were evident evan in atmospheric

nressure puloing.
brightness could be prepared.

Easilv bleached Pulps in about 50-52%; vyield and of 70%

T — — —— — -

Cereal straws, particularly of rice and wheat are ab-
undantlv available in our countrv and could egsily supp-
lement the growing“requirements o paper pulps provided
their pulping is made more efficient: and economical
than at present, Considerable.work has been reported on
modification of the existing processes to achieve this
goal =7 Apart from conservation of energy and resources
the need to abate airand water pollution is another con-

¢ straint on the dgvelopment of new processes.

Anthraquidone (AQ) as an additive in pulping ap-

pears promising to meet many of such requirementé. It

- gives a dramatic increase in vield, reduces chemical cons-

umption thereby making the process more economical

. and helns to avoid the use of sulphur chemicals which

* emit obnoxious gases and are scarcely available in our

i country. Since Holton’s discovery of its use, a large. num-

¢ ber of papegs have aopeared reportmg the advantages
‘ of its addition‘in pulpingt—2L.

; The chemical mechanism of alkaling AQ -pulping is
» fairly well known with AQ:being described as a redox
. catalyst (See Fig.l and 2). The reactions of lignin units
¢ with hydroxyl ion, hydrosulphide ion and with Anthr-
i ahydroquinone (AHQ), the reduced form of AQ, have
. been schematically shown in Fig. 1 and 3. The AQ
while being reduced to AHQ oxidises the reducing end
.group.of cellulose apd  hemicelluloses,
the peéling reactiori in alkali and enhances’ the ‘pulp
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The present work describes the effect of addition
of anthraquinone in alkaline pulping of straws with
boiling at atmospheric pressure and a comparison of the
results with the conventional methods of pulping.

e

Results and DISCIISSIOII

The analysis of wheat and rice straw shows that
these materials are rich in hemicelluloses as indicated by
the high pentosans content. The" alpha cellulose con-
tent is only 26% in rice and 329 in wheat straw 2See
Table 1). The straw grows to its full height in barely 3
months and so have a less developed and open morpho-
logical structure, It should be possible to dehgmfy
them with mild treatments using lesser chemicals and
heat energy as compared to wood and bamboo2.

Results of pulping of wheat straw with alkali at
140°C have been given in Table 2 (1.to 6). The effect
of increase in alkali concentration has also been; shOWn
in Fig. 1. It was found-that the pulp yield is maxi-
mum (54.0%,) for alow kappa number (22.6) when
12% alkali on straw is used. A similar series of experi-
ments on rice straw (Table 3 and Fig..1) have shown
that 10 % alkali is sufficient to give a yield of 53.5%
at a K. Number of 18.9. These concentrations of aikah
were used for subsequent runs with the addition of

-~sodium sulphideor A.Q. . ... , ...

Y

yield. AQ is regenerated from AHQ by mactwn wuh;, -
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FIG. 1- ALKALINE CLEAVAGE OF = ARYL, B ARVL "ETHER BONDS
_AND  METHOXVL GROUPS OF LIGNIN UNITS.
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FIG .3: REACTION OF ANTHRAHYDROQUINONE WITH PHENOLIC
ARYL PROPANE UNITS.
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Use of cooking liquor with 12and 109 active =

alkali and 129, sulphidity, both for wheat straw and
rice straw have been found to have a very marginal
effect on yield and K Number of wheat straw, though
in case of rice straw the K Number decreased by 1.9
[See run No. 6 of Table 2 and 3]. It shows that the
wheat straw lignin is devoid of groups which respond
to additional delignification by HS- jon*. A similar
effect of sulphidity was noted at ambient pressure pul-
ping of wheat and rice straw (Run 14, 15 of Table 2
and 3). A notable feature is that the sulphidity
does not show even the slight’ improvement in K.

The maximum effect is observed with an AQ addi-
tion of 0.05% on straw., An increase in quantity
of AQ does not give corresponding advantage in
yield and K. Number. In fact the effect tapers off to
a constant increase in yield and decrease in K. Number
after 0.19, AQ. At 0.05% addition the yield increase
is observed to be 1.6 and decrease in K. Number by
1.2 points,
Table—1
SUMMATIVE ANALYSIS OF STRAWS
(Percent based on even dry straw)

Number of rice straw under these conditions, as was Constituents Rice straw  Wheat straw
noticed in pressure pulping. It corroborates our view Ash 14.4 8.0
that t.hc sulp.hldlty does not offer any additional advan- Hot water solubles 18.0 9.9
tage in pulping of straws.
Alcohol benzene solubles 1.7 5.5

The effect of addition of AQ on pulping of wheat Pentosans 21.1 23.5
straw with 12% alkali cat} be seen fro'm Table 2 and Lignin 19.9 21.5
Fig. 5. The AQ addition results in an increase
in yield and simultaneous decrease in K. Number. Alpha cellulose 25.9 32.2

Table — 2

PULPING OF WHEAT STRAW

S. No. Active alkali A Q added % of Pulp yield Kappa Number
as Na, 0% o.d. straw % '
1 6 Nil 65.0 31.0
2 8 . 60.5 27.2
3 10 " 56.5 23.8
4 12 . 54.0 22.6
5 14 » 152.3 21.6
*6 12 . - : 22.4
7 12 .02 54.7 21.5
8 12 ' 05 - 556 . 20.4
9 12 .10 56.0 } 200
10 12 .15 56.2 ‘ 199
11 12 Nil 592 - . 223
12 12 : ' .05 60.0 18,9
13 12 10 60.2 ‘ 18.0
*14 14 ' Nil 58.2 20.2
15 - 14 Nil

- __Pulping conditions: '(For 1 to 10) — Bath ratio 1:5,

58.0 ' ' - 20.4

Temperature 30 to 140°C 30 mm, at 140°C — 120 mm, R
(For 11 to 15) — Bath ratio 1:20, Temperature 90 min at boﬂ

* For 6 and 14, sulphidity of 12 % was kept.
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PULPING OF RICF STRAW:~

S.No. . ,.Actnve alkall

S .as Nan,O % ofo d straw ' - o
k] SR T VA x_.ax‘Nl] wi IRl 2wo g © il o 00300
i SO : g ; o, " i YN 1283674
] e’ 0 .,” . ""‘1'8 9 .
4 12 N S s
5 14, , . s
. { -~ 10 e gy
7 - ..]0 LRy 02
10 .05
‘9 10 10
10 10 BE
1 L0 N
12 10 © 05 o 150’
13 10 510 150
e14 T Nil 18.1
15 12 . 50.0 182
Pulping conditions : (For 1 to 10)—-Bath ratio 1: 6 ,
Temperature 30 to 140°C—30 min, at 140°C—l20 min. n e e
. (For 11.to. 15) — Bath ratio 1:20, Tcmperature Gt L
*For 6 and 14, sulphidity of 129 was kept. vy oy
Table — 4
"BLEACHING OF STRAW PULPS
[ Wheat straw I Rice straw i
) | 4 g8 12 | 3 - 8 13
1. Kappa Number 226 20.4 18.9 189 157 15.0
2. Chiorine demand % 9.2 8.5 7.9 80 7.5 1.2
3. Chidrine added in Hypo I 7.4 6.8 6.3 6.4 . 6.0 5.7
4.  Alkali added 1.2 1.2 1.2 1.0 1.0 1.0
5. Chlorine added in Hypo Il 1.8 1.7 1.6 16 1.5 1.5
6. Bleached pulp yield on o.d. straw 520 52.5. 52.5 49.6 . 51.4 -51.0
7. Brightness % 71.0 71.2. S722 T U700 ";;j,",.‘ 680 . UTTMS
Constant conditions — consistency — 5 %, temperature 40 °C, txme 90 mm,
pPH—9.5t0 10 :
Alkali extraction for 60 min at 70 °C.
.40
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-+ A-similar effect “was noticed: 'whén rice straw Wwas

+ cooked' with 10% alkali and AQ. (Table 3 and Fig. 5).

The increase in yield was found tobe 1.1 and the
deciease in K Number by 3.2 points when 0.05% AQ
on straw was added- The fact that the yield increase
is observed due to retention of "Arabinoxylans from
hemicelluloses of straws, has been pointed out by ear-
lier workers!?’%_ It is also evident that the _delignifica-
tion of straws is enhanced by AQ addmon as shown
bya decrease in K. Number

- The success of: AQ addition. in alkaline pressure
pulping of straws prompted us to try its effect on am-
bient pressure pulping of straws. . The - conditions for
maximum delignification of straws with -alkali - boil at
ambient pressures has been established earlier in this

_laboratory! 27, When these cooks were performed

with AQ addition (12,13 in Table 2 and 3), it was

~found that the same effects, that is an increase in yield

and decrease in K Number were noticeable, the later
being more pronounced. There was a margipal increase
of 0.8 and 0.6 in yield of wheat and rice straw respec-
tively, whereas a substantlal decrease of K Number

‘by3.4and 2.8 points ' was observed when 0 05% AQ
~Was added both on wheat and nce straw o

“These results have pomted out that the enhanced
delignification of straws  due to AQ addition can be
realised at much lower temperatures (about100 °C)
than those normally used for pulping. A correspon-
dingly lesser rise in yield as compared to pressure
pulping, is probably due to the fact that the degrada-
tion of carbohydrates and its prevention by AQ addi-
tion is more prominent, at higher temperatures in
pulping.

Bleaching experiments with these pulps obtained
with and without AQ addition showed the trends
as given in (Table 4).

Chlorine demand of wheat straw pulps was found
to be about 41% of the Kappa Number whereas it was
around 467; of K. Numbser for rice straw pulps.

Two stage hypochlorite treatment with an inter-
mediate alkali extraction stage was sufficient to obtain
pulps of brightness of about 70% from unbleached
pulps of straws. The advantage of yield gained during
AQ pulping was retained even after bleaching and it
can be said that AQ addition gives pulps of comparable

IPPTA Vol. 24, No. 2, (Suppl) June 1987 _,

-yield and brightness to those obtained in alkali pulping,
- With an advatage of reduced consumption of bleaching

chemicals.

Conclusions :

1. . An AQ addition of 0. 05"/, on straws is sufficient

~ to derive maximum benefits of an increased yield
and decreased Kappa Number in alkali pulping of
wheat and rice straw.,

2. Advantages of AQ addition are obtained even in
alkali boiling of straws at ambient pressures which
give pulps of comparable yield and K. Number. -

-3.  Characteristics of bleaehe}d_-pulpAs such as yield and

brightness remain unaffected by AQ addition
during pulping. -

Experimental

Wheat straw and Rice straw available from a local
board mill were cut to small pieces. ( 15—20mm) and
stored over sodium chloride solution. A moisture
content of 13% was maintained. Samples were drawn
from this stock. Anthraquinone. sodium hydroxide
and other chemicals-used were chemically pure grade.

A one litre digester immersed in a glycerine bdth
with temperature control was used for the pressure
pulping. Alkali was used for the pressure pulping,
Alkali boil was performed i in steel equipments.

About 100 g of straw exactly weighed was used
for each run and the average results of several consis-
tent runs have been given in thetables. For a few
runs a sulphidity of 129, was maintained in the coo-
king liquor. Bleaching by sodium hypochlorite was
done in two stages using glass equipment and constant
temperatare baths.

Tappi methods were used for all analyses
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