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SODA-ANTHRAQUINONE AND LOW SULPHIDITY 
KRAFT ANTHRAQUINONE PULPING OF MULI BAMBOO 

(MELOCANNA BACCIFERA) AND MIXED WOOD IN A 
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Pulping of bamboo-hardwoods in a mixture showed that H-factor required in soda + AQ 
and low sulphidity kraft + AQ was slightly lower than the calculated value from the mixture of 
the components. The total pulp yield for kraft15 + AQ was higher than the calculated value. But 
for soda + AQ it was lower from the theoretical value. The tensile strength of the pulp obtained 
in soda + AQ process was better upto 60% bamboo chips in the mixture. It showed superior 
quality with more than 60% bamboo in the component in low sulphidity kraft pulping. The 
bursting strength of the pulp decreased as the bamboo chips increased in kraft15 + AQ pulping. 
The tear strength behaved almost linearly with any proportion of bamboo chips with wood 
chips.

Mixed hardwoods and bamboo are used as a 
part of pulping raw materials in Bangladesh. 
Generally, bamboo and hardwoods are cooked 
separately. If this two raw materials are cooked 
together, some pulping characteristics may be
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impaired as cooking then becomes uneven. This is 
because of the great difference in the chemical 
composition and the structure between these two 
distinct types of raw materials. It is recognised 
that the rate of pulping is much dependent on the
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Mill-cut muli bamboo (Melocanna baccifera) 
and mixed hardwood chips were collected from the 
Kamaphuli Paper Mills. The chips were washed with 
water to remove the adhering impurities, air-dried 
for 15 days and then handsorted to remove the

The review on the pulping of the mixture of 
bamboo and wood chips indicates that the pulp 
yield, screening rejects, and strength properties of 
the pulp depends on the species and the 
composition of the raw material used. It is also now 
well recognised that use of a small amount of 
anthraquinone (AQ) has a dramatic effect in 
alkaline pulping (Holton 1977). There is no 
information on the pulping of the mixture of muli 
bamboo and mixed hardwoods in presence of AQ. A 
study on the effect of AQ in soda and low sulphidity 
kraft pulping of the mixture of muli bamboo and 
mixed hardwoods will help better utilization of the 
raw materials.

There are a number of investigations on the 
pulping of mixture of hardwood and softwood (Chen 
et al. 1977; Kosaya el al. 1964; Smith el al. 1978). It was 
observed that mixed pulping of hardwood and 
softwood did neither reduce the pulp yield nor affect 
the strength properties of pulps (Kosaya et al. 1964; 
Mishra 1972). The investigation with the mixture of 
Indian bamboos and mixed hardwoods in kraft 
process (Guha et al. 1966; Singh et al. 1968) showed 
that the optimum proportion of bamboo required 
was 50%. Another study shows the optimum ratio in 
mixed pulping of bamboo and hardwoods as 70 : 30 
(Rai and Jaspal 1976). Krishnamacharia et al. (1975) 
also reported that a mixture of 70% bamboo (D. 
strictus), 15% Eucalyptus tereticornis and 15% 
Erythrine suberosa were suitably pulped by kraft 
process giving minimum screening rejects. But 
Mishra (1972) reported that higher proportions of 
mixed hardwood (over 70%) with bamboo caused 
screen clogging and excessive rejects at a low alkali 
charge of 11-13% as Na20 at 16-18% sulphidity. The 
author also reported that with the use of a higher 
amount of alkali and a suitable wood species, a 
softer pulp could be made with a higher proportion 
of hardwood chips in the mixture. The Bengal Paper 
Mills adopted the practice of mixing of 60% bamboo 
chips (D. strictus and B. arundinacea) with 40% 
mixed hardwood chips (FAO 1973). Excellent results 
were obtained in making both unbleached and 
bleached pulps for writing and printing papers. This 
is agreed by Guha et al. (1980). It is reported that the 
mixture pulping of 20 : 80 hardwood : bamboo gives 
a better yield and a high quality pulp with no process 
difficulties (Bhargava et al. 1964). Barrichelo and 
Foelkel (1975) showed that a small addition of

bamboo (B. vulgaris) with Eucalyptus saligna 
increases pulp yield and tear strength significantly.

Alaudin and Uzair (1973) observed that blended 
pulping of rubberwood with four bamboo species 
has no effect on pulp yield and permanganate 
number. But the tear strength and folding 
endurance of the pulp tend to decrease with an 
increasing percentage of rubberwood in the 
mixture. The burst factor and breaking length 
remains almost unimpaired. Guha et al (1980) 
reported that increasing the percentage of 
hardwoods in the mixture with bamboo chips 
decreases the strength properties and improves the 
pulp yield. Chiou and Tsai (1982) suggested that 
pulps of satisfactory yield and strength properties 
were obtained from a mixture of 30 : 70 and 40 : 60 
Taiwan bamboo and mixed hardwoods. The yield 
and the properties of the pulp however varied 
depending on the proportions of these raw 
materials.

mixture of species is 
a heterogeneous

fibrous species (Rhydholm 1965; Smith et al. 1978). 
The pulp yield and strength properties are also quite 
different from species to species (Bhargava and 
Dwivedi 1981; Chen et al. 1977; Farkas 1979). Thus 
the resulting pulp from a 
expected to possess 
characteristics.
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The H-factor of a particular delignification point 
is plotted against the different- percentage of 
bamboo and mixed hardwood chips in the mixture 
in Fig. 1. The wood chips required a more drastic
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screened pulp was pressed to removed excess water, 
shredded and weighed. The screening rejects and a 
portion of the screened pulp were dried at 105 ± 2°C 
for yield as per SCAN-C 3:78. The screened pulp was 
stored in sealed polythene bags in a refrigerator for 
subsequent analyses.

oversized and undersized, and the decayed chips. 
The air dried chips passing through 32 mm round 
hole screens but retained on 6 mm were accepted. 
The dry matter content of the chips were 
determined from the representative sample 
according to the SCAN-C 3:78. The chips were 
bagged in polythene bags and stored in a cold 
storage at-4°C. These chips were subsequently used 
in conducting the pulping experiments.

~ 1000 -

Rise of temperature from room 
temperature to 70°C, 15 minutes and from 
70°C to 170°C, 90 min.
Cooking time at 170°C, varying

After cooking for the predetermined cooking 
time, the autoclaves were taken out from the 
heating assembly and kept immersed in a 
waterbath for about 20 minutes for cooling the 
contents within the autoclaves. The cooked chips 
were then discharged into stainless steel washing 
vessels and at the same time, the samples of black 
liquor were collected in the glass stoppered reagent 
bottle. This black liquor was analysed subsequently 
for residual alkali. The cooked chips were then 
washed with running water and disintegrated in a 
laboratory disintigrator. The pulp was screened on a 
flat vibratory screen with 0.507 mm slots. The

The pulping was conducted in a 2 litre stainless 
steel autoclaves with 6 autoclaves at a time in an air 
bath, the air being electrically heated. Each of the 
autoclaves was charged with air-dry chips equivalent 
to 300 g O. D. chips. The cooking liquor was 
prepared with technical grades sodium hydroxide 
and sodium sulphide. Pulping was done by kraft 
process at a of sulphidity 15% (Kraft15) and soda 
process with 0.05% AQ. The AQ was mixed with the 
white liquor before charging it in the autoclaves. 
Other cooking conditions were as follows :

Active alkali as NaOH, 19%

The black liquor was analysed for residual alkali 
as per Swedish method (Anon 1974). The screened 
pulp was tested for kappa number according to 
SCAN-C 1:59. The pulp was beaten in a Jokro mill to 
different °SR levels at 6% consistency. Standard 
handsheets of 60 g/m2 were made in a Karl-Frank 
laboratory sheet former. Then the hand sheets were 
conditioned at a temperature of 23 ± 2°C and 
relative humidity of 50 ± 1% before evaluating the 
strength properties as per SCAN-C 28:69. The 
strength properties were evaluated at 30 and 40°SR 
levels by interpolation.

RESULT AND DISCUSSION
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Fig. 1. H-factor needed to delignify to a kappa 
number of 28 in soda-AQ and 20 in low 
sulphidity kraft-AQ pulping of bamboo 
and mixed hardwoods in a mixture.
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Fig. 2. Total pulp yield at a kappa number of 28 
in soda-AQ and 20 in low sulphidity 
kraft-AQ pulping of bamboo and mixed 
hardwoods in a mixture.
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Fig. 3. Tensile strength of soda-AQ (kappa 
number 28) and low sulphidity kraft-AQ 
(kappa number 20) pulp from bamboo • 
and mixed hardwoods in a mixture.

that the observed tensile strength in soda + AQ cook 
was higher than the properties of the components as 
the proportion of bamboo chip increased to 60%. 
The experimental tensile strength was quite close to 
the calculated value when the mixture contained 
more than 60% of the bamboo chips. Thus, use of 
bamboo chips upto 60% in the mixture is advisable 
to attain better tensile strength of the pulp.

100
~6

soda + AQ pulp was 28 and that in kraft15 + AQ was 
20. It is seen that the total yield was higher than the 
calculated value for kraftjs + AQ pulping. The higher
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The total pulp yield is plotted against the 
different percentage of bamboo and mixed wood 
chips in a mixture in Fig. 2. The kappa number of

pulp yield was also observed for bamboo and 
bagasse (70:30) in the mixture pulping than the 
theoretical value from the components (Sadawarte 
et al. 1982). Similar trend was also reported in mixed 
pulping of Odwuma (Musanga ceropioides), Emire 
(Terniinalia ivorensis) and Wawa (Triplochiton 
scleroxyion) chips (Smith and Primakov 1978). The 
yield increased as the proportion of bamboo chips 
increased to 40% in the mixture with wood chips. In 
case of soda + AQ pulping the observed total yield 
was lower in any combination of the mixture 
components.

The behaviour of bamboo-wood chips in the 
mixture for tensile strength in soda + AQ and kraftjs 
+ AQ process is projected in Fig. 3. The figure shows

cooking condition. It is known that hardwood and 
bamboo have almost similar lignin content 
(Atchison 1952). But bamboo chips were thinner 
than wood chips. These factors caused a rapid 
delignification with the bamboo chips. In the 
pulping of bamboo-wood in the mixture, the H- 
factor need to attain at a particular kappa number 
dropped with increase in the proportions of bamboo 
chips. In Fig. 1, it is seen that the actual H-factor 
required in soda + AQ and low sulphidity kraft + AQ 
pulping in the mixture was slightly lower than the 
calculated values. Similar tendency was also 
observed earlier with a mixture of heterogeneous 
chips (Akhtaruzzaman and Virkola 1979). Thus, 
pulping of the mixture is an advantage from cooking 
point of view.
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figure shows that the observed bursting strength of 
the pulp in soda + AQ process was almost the same 
to the calculated value with any proportion of 
bamboo to wood. In case of kraftis + AQ process, the 
bursting strength of the pulp decreased as the 
proportion of bamboo chips increased.

Fig. 4. Bursting index of soda-AQ (kappa 
number 28) and low sulphidity kraft-AQ 
(kappa number 20) pulp from bamboo 
and mixed hardwoods in a mixture.
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The tensile strength for pulp in kraft15 + AQ 
process was inferior than the calculated values as 
the proportion of bamboo chips increased to 60%. 
With the proportion of bamboo chips higher than 
60%, the tensile strength increased compared to the 
properties of bamboo-wood component. Thus, 
better benefits in tensile strength can be obtained in 
kraft15 + AQ pulping of bamboo-wood chips in the 
mixture with a proportion of bamboo chips higher 
than 60%.
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The investigation in the pulping of bamboo and 
mixed hardwoods in a mixture reveals that an 
advantage is seen in the delignification point of 
view. In the kraftjs + AQ pulping maximum yield 
gain was obtained by using upto 40% bamboo chips 
with wood. In soda + AQ process, the total yield was 
lower in any combination of the mixture 
components. The tensile strength of the pulp in soda 
+ AQ process was better upto 60% bamboo chips in 
the .mixture. It showed superior properties with more 
than 60% bamboo in the component in low 
sulphidity kraft-AQ pulping. The bursting strength

behaved almost linearly with the proportions of the 
bamboo-wood chips in the mixture both in soda + 
AQ and kraft15 + AQ pulps. The property remained 
almost unchanged compared to the calculated 
value with any combination of bamboo-wood in the 
mixture. Thus, mixed pulping of these fibrous raw 
materials does not make any problems to this 
property of the pulp.

The bursting strength of the pulp obtained in 
soda + AQ and kraft^s + AQ pulping of bamboo­
wood chips in the mixture is given in Fig. 4. The
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It is seen from Fig. 5 that the tear strength
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Fig. 5. Tear index of soda-AQ (kappa number 
28) and low sulphidity kraft-AQ (kappa 
number 20) from bamboo and mixed 
hardwoods in a mixture.
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in the mixture was almost the same with that from 
the components in soda + AQ process. It was slightly 
inferior in kraftjs + AQ pulping as the proportion of 
chips increased. The tear strength of the pulp 
remained unchanged compared with that of the 
components.
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