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EFFECT OF ANTHRAQUINONE IN ALKALINE
PULPING OF ACACIA AURICULIFORMIS

A. F. M. Akhtarozzaman
P. Das
S. K. Bose

ABSTRACT
Conventional soda pulping results in lower pulp yield and 

strength properties. It also needs a much longer cooking time. To 
overcome these difficulties a study on the effect of anthraquinone 
( AQ ) in the alkaline pulping of Acacia auriculiformis was conducted. 
The result showed that 3.1 percent point yield gain was achieved in 
the soda pulping with 0.05% AQ addition. The yield was comparable 
to that of the kraft control. Further increase of AQ did not subs­
tantially increase the yield. In kraft-AQ pulping the gain in yield 
was less remarkable, although 1.4 percent point gain was obtained. 
Addition of AQ can substantially reduce the alkali requirement ?.nd/ 
or duration of cooking. The quality of the AQ catalysed pulp was 
in no way inferior to the kraft control.

The feasibility of using AQ in a soda pulp mill in Bangladesh 
has been shown. It indicates a remarkable economical gain.
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The quality of the soda-AQ pulp app­
ears to ba species dependent and that of 
the kraft-AQ is equivalent to the kraft 
couhterp.art (Akhtaruzzanlan 1984). Thus, 
it is essential to study the effect of AQ 
in the pulping of a particular species.

as a fibrous raw material, a study on the 
response of AQ in alkaline pulping was 
undertaken.

At the end of the digestion, the cooked 
chips were discharged, washed, disintegrated 
and then screened. The screened pulps were 
pressed to remove excess water, shredded, 
weighed and then sampled to deter­
mine the moisture content. The screening

Acacia auriculifonnis is a light hard­
wood species having fibre dimensions 
almost similar to civit (Swintonia floribmda ) 
(Siddique and Chowdhury, unpub). It 
is, amongst others, used as a pulping raw 
material (Davidson 1985). In Bangladesh 
it has achieved good growth (Davidson 
1985). Thus, because of its potentiality

MATERIAL AND METHODS
Logs of Acacia auriculifonnis were 

collected from roadside plantations along 
Chittagong-Kaptai road. The debarked 
logs wore chipped in a laboratory chipper 
machine. The chips were then air dried 
and sampled for pulping.

The chips were pulped by kraft and 
soda process, with and without AQ, in a 
23 I rotating digester using indirect heating 
system. The digester was initially heated 
to a temperature of 80’C and then airdried 
chips equivalent to 2000 g ovendried 
chips were charged with the chemicals 
in all the cooks. The effect of AQ 
on kraft and soda pulping was studied by 
adding two doses of AQ, viz., 0.05% and 
0.15% on oven-dried wood. As 14% alkali 
(as Na20) was not sufficient to reach 
the target kappa value of 20, normal soda 
control was done at 17% alkali (as Na20) 
charge. In all the cases, cooks were 
made at three different cooking times to 
obtain three values of kappa number. 
Other cooking conditions wore maintained 
at 14% active alkali (as Na20), 25% 
sulphidity (for kraft), 4 : 1 liquor to 
wood ratio and 90 min to raise the tempe­
rature to 170°C.

It is well known that sulphide 
markedly promotes the alkaline digestion 
in making pulp. More severe conditions, 
cl g., longer cooking time and higher alkali 
charge are required during soda cooking 
to obtain a pulp of a desired kappa 
number. This results in a lower yield and 
inferior quality of pulp than that obtained 
in the kraft process. The problem can ba 
overcome by addition of anthraquinone 
(AQ) along with the white liquor (Fossum 
et al. 1980 ; Hanson and Michaels 1978 ; 
Holton 1977). A small addition of AQ 
in kraft and soda cooking enhances the 
rata of delignification with improved yield. 
AQ addition in the order of 0.05-0.15% on 
OD wood basis is sufficient to provide the 
benefits (Fossum et al. 1980 ; Holton 
1977 ; Holton and Chapman 1977). The 
catalytic effect of AQ is more effective in 
soda pulping than in kraft pulping ( Fossum 
etal. 1980 ; Kubes et al. 1988. Mora economic 
benefits are obtained with hardwood than 
with softwood (Fossum et al. 1980 ; 
Hanson and Michaels 1978).
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that it is possible to reduce the alkali charge 
by 3% to reach the same kappa number. 
This small addition of AQ in a kraft 
cook lowered down the total cooking time 
by about 40% and cooking time at 170’C 
by about 65%.
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AQ catalysed pulping resulted in a 
substantial gain in pulp yield (Fig. 2), 
particularly in the soda process. The 
beneficial effect can be achieve! by an 
addition of 0.05% AQ. It is interesting to 
note that soda pulping with 0.05% AQ 
addition resulted in almost equivalent yield 
as in normal kraft {pulping. The screening 
rejects at the sama kappa numban of the 
pulp was found to ba independent of AQ 
dose ( Fig. 3). This is in agreement with 
the literature (Nayak et al- 1979). Thus, 
gain in screened pulp yield remains in the 
same order as in total yield. The yield

w 28 
e 
2 
3
2 24 <

x 20

rejects wore also oven-dried. The pulp 
yield and the screened pulp kappa number 
were determined. The pulp samples were 
then refined in a Valley beater to different 
freeness values and hand sheets were made 
for determining the strength properties 
after conditioning at 23±rC and 50±l% 
relative humidity. All the sheets were 
tested according to Scan Test Methods.

RESULTS AND DISCUSSION
The results of the effect of AQ in 

kraft and soda pulping of Acacia auricula 
formis are given in Table 1. It is observed 
from Table 1 and Fig. 1. that addition of 
AQ markedly reduced the cooking time 
to reach a particular point of delignifica­
tion. An addition of 0.05% AQ gave a 
more pronounced effect than that of a 
higher dose (0.15% ). Fig. 1 also shows

IOO 200 300 400 500
TOTAL C00KIN9 TIME, mln.

Fig. 1. Delgnification during soda and kraft 
pulping of Acacia auriculiformis with 
addition of anthraquinone (Active 
alkali 14% as Na20, sulphidity for 
kraft 25%, rise of temperature 90 min. 
and cooking temp 170’C )

16 20 ‘ r 24 28
' KAPPA NUMBER

Fig. 2. Total yield as a function of kappa 
number in soda and kraft pulping of 
Acacia auriculiformis with and without 
anthraquinone.
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Kraft
Kraft-r 0.05% AQ
Kraftd-0.15% AQ
Soda (17% alkali)
Soda (14% alkali)4-0.05% AQ ®
Soda (14% alkali) 4-0.15% AQ fx] 
gain in soda and kraft pulping in presence 
of 0.05% AQ at * a kappa number of 
20 was 3.1 and 1.4 percent points respectively.

Based on the findings in this investi­
gation leading to increased yield, less alkali 
requirement, reduced cooking time, kraft-like 
or better pulp properties, there is a 
bright prospect for- using AQ in two soda 
pulp mills in Bangladesh. However, its 
response to the specific raw materials now 
being used in these mills is warranted. 
Research in these directions are also in 
progress at ths pulp and paper laboratories 
of the Bangladesh Forest Research Institute.
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on the 
screening rejects during soda and 
kraft pulping of Acacia autriculi-

' 50 60 70 80 90
TENSILE INDEX, N m/fl

4. Tear-tensile plots for soda, soda-AQ, kraft 
and kraft AQ pulps at a kappa number 
of 20 (±1)

better than that of its kraft counterpart. 
The change of tear index in the beating 
cycle for the pulps with similar residual 
lignin is shown in Fig. 4. The figure 
indicates that tear index of the pulp at a 
certain tensile index improved with AQ 
addition during pulping. Soda-AQ pulp 
resulted in better tear-tensile values than the 
reference kraft.

16 20 24
KAPPA NUMBER 

Fig. 3. Effect of anthraquinone

0" 12

As regards the physical strength 
properties, Table 1 also shows that burst 
index, tensile index and tear index of the 
pulp at a kappa of 20 ( ± 1) improved with 
addition of AQ both in kraft and soda 
processes. Burst index and tensile index 
of soda-AQ and kraft-AQ pulps were 
superior to those of the kraft pulp. The 
tear index of soda-AQ pulp was almost 
equivalent to that of the normal kraft. 
The tear index of kraft-AQ pulp was even
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IX. Savings in caustic soda : 1.6 t/d
( VII) - ( VIII) = Tk 16,458 xl. 6/d 

-= Tk 26,332/d

XU. Not gain due to using AQ
( X)-( XI) : Tk 107,993/d

XIII. Considering 300 operating days : 
the Sylhet Pulp and Paper Mills 
can make a net annual gain due 
to AQ addition: Tk 32,398,000/-

ECONOMIC FEASIBILITY OF 
AQ ADDITION

An economic Analysis of using AQ in 
a pulp mill in Bangladesh is shown below :

I. Pulp mill : Sylhet Pulp and Paper 
Mills using soda process, 
capacity 100 AD t/d, i. e., 
90 BD t/d of pulp

II. If normal soda ( 17% alkali as Na20 ) 
is used the screened pulp yield be­
comes 43.8% (from this investigation)

III. For making 90 BDt/d of pulp 
material requirement

205.5 BDt/d

fibrous raw 
90 x 100

43.8 :
With 0.05% AQ in soda pulping (14% 
alkali as Na201 the screened yield be­
comes 46.9% (from this investigation)

V. 205.5 BDt/d of fibrous raw materials 
zttt\ 46.9 x 205.6(HI) = ------ ------------ = 96.43
BDt/d of screened pulp, i. e., 107.1 
ADt/d of screened pulp.

VI. Savings due to yield gain
= Tk 14,403 x 7.1/d=Tk 102,261/d

VII. Alkali requirement for normal soda
pulping (17% NaOH as Na20) = 
17 x 1.29 x 205.5 c XT------------ ----------------  45 t of NaOH/d. 
With 80% efficiency in the recovery 
cycle, 45 x 0.8 = 36.0 t/d of NaOH 
can be recovered. Thus, make-up 
NaOH requirement = 9 t/d

VIII. Alkali requirement with 0.05% AQ in 
soda pulping (14% NaOHas Na2O) = 
14x1 >29x205.5 = 37 j t of NaOH/d. 

With 80% efficiency in the recovery 
cycle, 37.1 x 0.8 = 29.7 t/d of NaOH 
can be recovered. Thus, make-up 
NaOH requirement «= 7.4 t/d

X. Savings due to yield increase 
and loss caustic requirement 
(VI) + (IX) : Tk 128,593/d

XI. Additional cost due to AQ :
0.05 x 205.5 . .----------------- => 103 kg/d

= Tk 200 x 103/d
= Tk 20,600/d

REFERENCES
Akhtaruzzaman, A. F. M. 1984. Alterna­

tives to kraft pulping. Bano Biggyan 
Patrika. 13 (1 & 2) : 74-82

Davidson, J. 1985. Species and sites. 
Field Document No. 5, UNDP/FAO 
Project BGD/79, Assistance to the 
Forestry Sector of Bangladesh. 50 pp 

Fossum, G., Hagglund, S. and Lindqvist, 
B. 1980. Alkaline pulping of pine 
and birch with anthrquinone as an 
additive, part 2, soda pulping. Svensk 
Pappcmtidning. 83(16) : 455-460

Hanson, J. P. and Michaels, W. T. 1978. 
Anthraquinone pulping ...........
is it magic ? Pulp & Paper. May 
issue : 86-90

Holton, H. H. 1977. A major new process : 
the soda additive pulping of soft­
woods. 63rd Annual Meeting of the 
Technical Section, C. P. P. A. Fob. 
1-2, Montreal : A 107-112



VOL. 16 ( 1 & 2) J JAN-JULY, 1987 9

Holton, H. H. and Chapman, F. L. 1977. 
Kraft Pulping with anthraquinone. 
Tappi. 60(11) : 121-125

Kubes, G. J., Fleming, B. I., MacLeod, 
J. M. and Balkar, H. I. 1980. Alka­
line pulping with additives. A review. 
Wood Science and Technology. 14(3): 
207-228

Nayak, R. G., Handigol, S. G., Meshramkar, 
P. M. and Deb, U. K. 1979. 
Anthraquinone as an additive in 
kraft pulping of bamboo (Dendro- 
calamus strictus'). Indian Pulp and 
Paper. 33 (Feb-March) : 17-27

Siddique, A. B. and Chowdhury, A. R. 
Unpub. Studies on fibre dimensions 
of Pinus caribaea , gia.nt ipil ipil and 
Acacia auriculifomis. Manuscript ready 
for publication.


