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Abstract
Twelve high density (density range 0.775-1.031 g/cm^ lesser used/unused 

hardwood species, viz. bhadi (Lannea coromandelica), bahera (Terniinalia belerica), 
haritaki (Tarminalia chebula), jam (Syzygium sp.) kanak (Schima wallichii), minjiri 
(Cassia simaea), batna (Quercus spj, goda (Vite.x peduncularis), gutguttya (Protium 
surratum), homalium (Homalium bhamanse), itchri (Anogeissus acuminata) and 
nageshwar (Mesneferrea) were studied to determine their pulp making characteris­
tics. An active alkali change of 14% and sulfidity of 25% were used in all cooks. It has 
been observed that most of these species produce good quality pulp.

pulping characteristics of lesser used wood spe­
cies. In that programme twelve high density 
species (density range0.775-1.031) were included. 
This paper describes the pulping characteristics of 
these twelve high density wood species.

Materials and method
Twelve lesser used/unused high density hard­

wood species, viz., bhadi (Lannea coromandelica), 
bahera (Terniinalia belerica), haritaki (Tarminalia

Introduction
There are about 600 timber species available 

in the forest of Bangladesh (Das 1990). Only forty 
of these species are being extracted for commer­
cial uses. The remaining wood species are left in 
the forest because of inadequate information on 
the end uses of these species (Bose et al. 1995).

There is an acu te crisis of fibrous raw ma teria 1 
for pulp production in Bangladesh (Anon. 1989). 
Hence, a programme was undertaken to study the
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Results and discussion

*
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Table 1 shows the yield, kappa number, fibre 
length and physical strength properties of the 
pulps obtained from different species. The grada­
tion of the species for pulp making is given in 
Table 2. A brief discussion on the results is as 
follows :

Bhadi (Lmuiea coromandclica)

This species has the fibre length common to 
most of the hardwoods. The pulp yield is low and 
the quality of the pulp is excellent. An acceptable 
kappa number cannot be attained with a normal 
cooking cycle. It appears that a higher dose of 
alkali may be needed for delignification. The spe­
cies falls in grade 'C' for screened yield and grade 
'A' for physical strength properties.

Bahera (Termiiialia bclcrica)

The fibres of bahera are long. The screened 
pulp yield is low. A longer cooking time is needed 
to attain an acceptable delignification point. Tear 
and tensile strength of the pulp are good. The 
species can be graded in 'C' in respect of its pulp 
yield and in 'A' in respect of physical strength 
properties.

then sampled to determine the moisture content. 
The pulp yield was then calculated. The kappa 
number of the pulp was also determined (SCAN­
CI : 77). The pulp was then refined in a PFI mill to 
different freenesses and hand-sheets were made 
with the beaten pulp.

The physical strength properties of the pulp 
were determined according to Scan Test Methods 
after conditioning the hand-sheets at 50±2% rela­
tive humidity and 23±1°C temperature. The fibre 
length of the species was measured with the pulp 
made at 2000 H-factor.

chebula), jam (Syzygium sp.), kanak (Sc/n’/nrt walichii), 
minjiri (Cassia siniaea), batna (Qucrcus sp..), goda 
(Vitexpeduncularis), gutguttya (Protium surratum), 
homalium (Homalium bhamanse), itchri (Aiiogeissus 
acuminata) and nageshwar (Mesna ferrea) were 
studied.

The wood logs were collected from the hill 
forests of Bangladesh. The logs were debarked 
and chipped in a laboratory chipper. The chips 
were air-dried and then hand sorted to remove 
both the oversized and undersized chips. Ac­
cepted chips were approximately 20 mm in length, 
10 mm in width and 3 mm in thickness.

Kraft pulping was done in 2 litre stainless steel 
autoclaves with six autoclaves at a time in an 
assembly rotating in a thermostatically controlled 
electrically heated air bath. The autoclave assem­
bly was initially heated to a temperature of 80°C. 
Air dried chips equivalent to 300 g on oven dry 
(OD) basis were then charged with chemicals into 
the autoclaves.

The following cooking conditions were main­
tained :

Active alkali, 14% as Na2O

Sulphidity, 25%

Liquor to wood ratio, 4:1

Cooking temperature, 170°C

Time to raise cooking temperature, 90 
min. (from 80°C onwards)

Cooking time, varied.

At the end of the cook the digester was dis­
charged. The pulp thus obtained was thoroughly 
washed overnight with water, disintegrated and 
then screened on a flat vibratory screen with 0.38 
mm slot. The screened pulp was pressed to 
remove excess water, shredded, weighed and



Batna (Querctis sp.)Haritaki (Termiiialia chebiila)

Jam (Syzygiuni sp.)

Gutguttya (Portiuni surratiini)
Kanak (Scliima wallichii)

Minjiri (Cassia siamea) Homalium (Honiaiiuni bhaniense)
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The species bears longer fibres. The screened 
pulp of this species is good and is graded in 'B' 
grade. It can be pulped to an acceptable drgree of 
delignification with normal cooking conditions. 
The tensile and tear index are excellent. But 
bursting strength is slightly low. However, the 
pulp can be graded in 'A' class from the quality 
point of view.

Goda (Vites pediincularis)

The species has the fibre length common to 
most of the hardwoods. It produces pulp with 
poor yield. The species is very difficult to delignify. 
Physical properties of the pulp are fair. From the 
point of pulp production, the species ranks in 'D' 
class, and from the quality aspect it produces 'B' 
class pulp.

This species has the fibe length usual for hard­
wood species. The pulp yield is poor and graded 
in 'C' class. The kappa number of the pulp is very 
high. So it is very difficult to make pulp with the 
normal cooking conditions. Burst and tensile 
strength are low. However, the tear strength is 
excellent. The overall quality of the pulp can be 
graded in 'A' class.

The fibres of homalium are long. It produces 
poor yield. A longer cooking time is needed to 
delignify to a kappa number of 20 with an active 
alkali charge of 14% as Na2O. The tear index of the 
pulp is good. But the burst and tensile strength are 
poor. The species is graded in 'D' class from the 
pulp quality aspect.

The fibre length of the species is longer than 
that of common hardwood species. The pulp yield 
is very poor. The species can be pulped to an 
acceptable kappa number with a conventional 
cooking cycle. It has good tear, tensile and burst 
strength. The species can be grouped in'D'state in 
respect of pulp yield and 'A' grade in respect of its 
physical strength.

Kanak possesses long fibres. It can be pulped 
to an acceptable degree of delignification with 
normal cooking conditions. The pulp yield is poor 
and is graded in 'D' class. The tensile and tear 
strengths are good ; but the bursting strength is 
slightly weaker. From the quality point of view, 
the species can be graded in 'A' class.

The fibre length of gutguttya is very long and 
is comparable with that of softwoods. The screened 
yield is very poor. The yield is graded in 'D' class. 
It appears that the alkali charge should be in­
creased to make pulp to an acceptable kappa 
number. The paper making properties are good. 
From the quality point of view, the species ranks 
in 'A' grade.

It has exceptionally long fibre length which is 
comparable to that of softwood species. The 
screened pulp is excellent. However, 
delignification to an acceptable degree could not 
be achieved with a normal pulping schedule. Tear 
and tensile strength of the pulp are good. The 
species produces 'A' grade pulp in respect of 
screen pulp yield and the physical strength prop­
erties.



Table 1 . Kraft pulping results and physical properties of twelve lesser used wood species.

H-factorSpecies CSF Physical strength properties

% % ml

Bhadi 2000 7.4049.9 55.9 40.2 450 96.5 7.90 1.34

107.0 8.65 6.85250

7.05 8.002500 31.1 450 102.047.0 52.5

7.40 7.05250 106.0

5.49 11.6 1.93450 67.2Bahera 50.2 29.92000 49.9
6.74 10.978.2250

5.81 13.467.845049.0 24.348.62500

6.95 11.882.2250

5.49 12.485.745021.947.447.23000
6.40 10.173.6250

6.40 10.3 2.1272.845051.5Haritaki 52.552.32000
6.15 10.387.3250
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Nageshwar (Mesne ferren)
It possesses fibres of almost equal length as 

with other commonly used hardwood species. It 
produces pulp with low yield. It appears that a 
higher alkali charge is needed for delignification 
to an acceptable kappa number. But the pulp 
strength is excellent. The screened yield falls in 
grade 'C' and the pulp properties in grade 'A'.

Itchri (Anogeissus acuminata)

The species possesses fibre of almost equal 
length as with other commonly used hardwoods. 
It is very difficult to delignify to an acceptable 
kappa number. The pulp yield is very poor and is 
graded in 'D' class. The quality of pulp is good. It 
falls in grade 'A'.



Table 1. Contd.

Physical strength propertiesCSFH-factorSpecies

ml%%

2000Jam 40.6 41.6 23.2 450 69.0 6.15 12.4 1.86

250 80.5 7.80 11.5

2500 39.6 40.4 21.9 450 62.5 6.10 12.7

250 81.0 7.35 12.5

3000 40.6 41.0 22.5 450 56.5 5.85 12.3

250 80.0 7.60 11.6

Kanak 2000 44.2 45.0 23.3 450 60.2 4.70 10.7 2.21

250 77.1 6.15 9.66
2500 45.3 45.5 25.7 450 60.1 4.45 11.3

250 74.1 5.78 9.95
3000 44.4 44.8 20.7 450 57.5 4.57 10.3

250 72.0 5.04 9.13

Minjiri 2000 41.8 48.3 49.7 450 53.5 6.30 9.50 1.31
250 73.0 8.95 8.60

2500 40.3 47.6 52.9 450 50.0 6.17 9.90
250 69.0 8.00 9.00

3000 37.8 42.0 44.7 450 49.0 6.40 10.0

250 69.0 7.28 9.10

Batna 2000 49.8 49.9 24.0 2.04

2500 49.5 49.5 20.0 450 57.5 4.45 9.72

250 71.8 6.46 9.90
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Table 1. Contd.

Species H-factor CSF Physical strength properties

% % ml

Goda 2000 47.0 50.4 86.5 1.25

2500 46.8 50.1 86.7

Gutguttya 2000 39.2 39.9 33.5 2.04

2500 38.6 39.4 30.2

38.7 39.8 33.73000

1.7022.3Homalium 2000 44.5 45.1

20.745.0 45.72500

23.146.13000 46.0

1.4968.240.9 46.5Itchri 2000

66.646.242.92500

60.345.042.23000

1.4134.347.645.7Nageshwar 2000

33.547.947.02500
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Kappa 
number

450
250
450
250

450
250
450
250
450
250

450
250
450
250
450
250

450
250
450
250

450
250
450
250
450
250

Tensile 
index
Nm/g

52.1
65.7
54.5
72.4

58.7
77.0
57.5
93.0
64.0
89.2

58.9
62.3
52.5
60.5
55.3
61.6

60.0
79.0
57.5
75.5
59.0
78.0

89.8
89.4
74.2
90.5

Burst 
index 

kPa.m3/g

2.89
4.72
2.98
5.06

4.90
8.19
4.50
7.61
5.30
8.20

3.40
4.38
3.34
4.32
3.55
4.18

4.90
6.60
4.80
6.65
4.90
7.15

6.50
6.92
4.93
6.44

8.40
9.57
8.57
10.2

9.75
10.1
10.2
9.90
10.3
9.60

8.10
7.31
9.41
8.21
9.45
9.60

11.7
10.9
11.7
10.3
11.3
10.4

11.5
11.0
11.5
10.9

Screened 
yield

Total 
yield

Tear 
index 

mNm2/g

Weighted 
average fibre 

length 
mm



i

Table 2. Gradation of lesser used wood species for making paper pulp.

Strength factor at 250 CSFSpecies

C 747 ABhadi

Bahera C 743 A

Haritaki 899A A

jam D 1012 A

Kanak D 745 A

Minjiri D 628 B

Batna B 711 A

Goda C 738 A

Gutguttya D 920 A

Homalium D 497 D

Itchri D 812 A

Nageshwar C 986 A

Conclusions
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Grade according to 
screened yield

Grade according 
to pulp strength

Of the twelve species studied, ten species, viz., 
bhadi, bahera, haritaki, jam, kanak, batna, goda, 
gutguttya, itchri and nageshewar can produce

Grade-B (Good)
<50-48
<700-600

excellent quality pulp. Only homalium produces 
very inferior pulp. The pulp from munjiri is also 
acceptable.

Grade-D (Poor) 
<46 
<500

Grade-C (Fair)
48-46 
<600-500

Tensile index x Tear index
Nm/g mNm2/g

Gradation Index
Grade-A (Excellent)

Screened yield 50 and above
Strength factor 700 and above
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