
African Journal of Basic & Applied Sciences 12 (1): 06-12, 2020
ISSN 2079-2034
© IDOSI Publications, 2020
DOI: 10.5829/idosi.ajbas.2020.06.12

Corresponding Author: Tarig Osman Khider, University of Bahri, College of Applied
and Industrial Sciences, Khartoum, Sudan.  

6

Application of Soda Anthraquinone Pulping to
Sudanese Albizia amara (Arad) Wood

Tarig Osman Khider, Mohammed Mirgani Hamza, Saffa Hassan Omer,1 1 2

Osman Taha Elzaki, Salaheldin Dafalla Mohieldin and Suhair Kamal Shomeina3 3 3

University of Bahri, College of Applied and Industrial Sciences, Khartoum, Sudan1

University of Bahri, College of Natural Resources and Environmental Studies, Khartoum, Sudan2

Cellulose Chemistry and Technology Research Unit, National Centre of Research, Khartoum, Sudan3

Abstract: This study was carried out to determine the applicability of soda and soda anthraquinone cooking
method for Albizia amara (Arad) wood (branches) to add new value of this tree in addition as source of
traditional medicines. Most of the applied methods were done according to Technical Association of Pulp and
Paper (TAPPI standards). The chemical composition of the wood reflected high amount of cellulose (51.6%),
lignin (26%), with low amounts of extractives. The fiber properties of Albizia amara  (Arad)  wood resemble
most of tropical hardwood trees, fire length was 0.915 mm, fiber diameter 40.2 µm and lumen diameter 23.5 µm.
Soda with anthraquinone methods produced pulp with higher screened yield and paper properties.
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INTRODUCTION

Albizia amara (Arad) belongs to Fabaceae family,
occur in the whole world except in north and south poles,
in Africa, distributed in Sudan, Ethiopia, Zimbabwe,
Botswana and the Shetu [1], Khuddus et al. [2], Abdel
Karim et al., [3], Abdurrahman et al. [4] and Rajkumar and
Sinha [5]. The different parts of Albizia amara widely
used for treatments of different diseases and aliments in
local communities such as coughs [2] piles and diarrhea
[3-6] bone fracture [4], hair fall, dandruff and cools the
body [7] skin diseases and poisonous bites [8] asthma,
arthritis, antiseptic, burns, antidysentric and allergic
rhinitis [9] boils, eruptions, swellings, emetic, coughs and
ulcer [10] malaria [11] vomiting and wounds [12]
pneumonia [13]. Trypanosoma brucei rhodesiense [14]
breast cancer [15] Cervical cancer [16].

The  general  features  of  Albizia  amara  is tree of
1.5-1.8 m long, branched deciduous, non-climbing,
drought tolerant tree with dark brown green, smooth and
scaly bark (Figure 1) [17-22]. Wood of Albizia amara is
utilized in building, furniture, firewood and production of
charcoal especially in remote areas [23, 24]. Fig. 1: General features Albizia amara tree
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The production of high alpha cellulose had been
studied by  Guha  and coworkers to produce viscose
rayon and nitrocellulose [25]. It seemed more research
done on pulping of Albizia lebbeck and take more
attention compared to Albizia amara. However soda and
soda anthraquinone pulping looks the suitable method
for  production  of  pulp  and paper from tropical
hardwood trees.

The objective of the current study is to investigate
the suitability of Albizia amara stems for pulping with
soda and soda anthraquine methods and this include
determination of chemical components and fiber
morphology.

MATERIALS AND METHODS

About fifteen branches of Albizia amara were felled
and collected from forest near Aljonina city in western
part of Sudan in October 2018. The area is characterized
with mud sandy soil, depending on annual rains ranges
between 200-800 mm. The branches were cut into discs
packaged in plastic bags and transported to Khartoum in
central Sudan by bus stored in National Centre of
Research for further treatments according to TAPPI
standards 2000 [26]. Other parts of the tree such as leaves,
flowers and fruits with photos were brought for
identification in Medicinal and Aromatics Plants Research
institute (National Centre for Research).

Fiber dimension evaluation was done accordingly,
maceration with a mixture of 30% hydrogen peroxide and
acetic acid (1:1), measured microscopically at 300x and
400x magnifications of 40 fibers after staining with
aqueous safranin according to (TAPPI-232cm-01),
morphological indices were calculated.

Table 1: Pulping Conditions of Albizia amara (Arad) wood
Cooking conditions Soda Soda Soda-AQ
Cooking code Al1 Al2 Al3
Active alkali charge as NaOH % 15 17 15
Anthraquinone, % 0 0 0.05
Liquor to Albizia amara (Arad) wood. 170 170 170
ratio 4 4 4 Maximum temperature, °C
Time to maximum temperature, min 60 60 60
Time at maximum temperature, min 90 90 90
Most of cooking parameters were kept constant except the active alkali
charge as NaOH and addition of anthraquinone in very small amount as
0.05% of oven dry wood. 

Two kilograms of chips were grinded in star mill for
chemical  analysis,  passed through mesh fraction of
40X60 and used for determination of chemical
constituents of wood. The preparation was done
according to (TAPPI-264-cm-97), testing for moisture
(TAPPI-210cm-93), cellulose Kurshner and Hoffer method,
according to Obolenskaya et al. [27], lignin (TAPPI-222),
hot water soluble (TAPPI-T- 207), 1% NaOH (T 212 om-
98), solvent extractives (TAPPI 204 cm-97) and ash
(TAPPI-212).

The cooking  conditions  and pulping parameters
were  controlled  as mentioned in Table 1. Most the
authors agreed these conditions after reviewing the
chemical components of Albizia amara wood, the decided
final  products,  availability   of   chemicals  and  apparatus
s well as the tropical hardwood pulping conditions. Figure
2 showed the branches of Albizia amara and the soda -
AQ pulps.

The studied pulps were washed after cooking to
remove  the  dirt, residual lignin in form of black liquor,
after screening, the reject were determined as well as
screened yield on oven  dry  basis,  disintegrator  was
used to  separate  the fibers  at  1200  rpm  for  30  min. the

Fig. 2: a/ Felled branches of Albizia amara b/ pulps produced from Albizia amara wood.
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pulps of the three trials were treated with Valley beater at
intervals zero, 5 and 10 min to investigate the quality of
beating on studied pulps, according to (TAPPI200-sp-01).
Physical testing of pulp sheets (TAPPI-220-sp-01),
conditioning of testing atmosphere (TAPPI-402-sp-98),
apparent density (TAPPI T 410 om-98), burst strength
(TAPPI403om-97),   tensile    and   breaking  length
(TAPP-404-cm-92). The Kappa number was determined
according to (TAPPI-236 om-99). The statistical analysis
used was ANOVA.

RESULTS AND DISCUSSION

Although the fiber length of Albizia amara (Arad)
wood was less than one millimeter equal to 0.915 mm
(Table 2) which typical to tropical hardwood trees, the
fiber seemed flexible reflected with comparatively wide
fiber diameter (40.2 µm) lumen diameter (23.5 µm) and
relatively thin wall (8.5 µm), this supported further by
morphological indices where the Runkel ratio was less
than one unit (0.72), flexibility coefficient 58.46% and
slenderness ratio was 22.76%, from mentioned readings
the fiber expected to collapse easily during beating and
produce pulp with acceptable strength properties as
shown in Table 2. 

The chemical constituents of Albizia amara wood
(Table 3) revealed that high percentage of lignin and
cellulose as Kurchner-Hoffer and were 26% and 51.6%
respectively with low amount of extractives thus hot water
extractives were 1.6%, cold water, 3.0% with negligible
amount of ethanol cyclohexane extractives with normal
amount of ash as recorded for tropical hardwood trees
especially of fast growing ones, indicating normal cooking
conditions. increase of chemical as NaOH will not potentially improve

The cooking results of Albizia amara chips,
indicating the superiority of soda -AQ pulping compared
to  soda  pulping  as appeared in Figure 3. When reducing

Table 2: Fiber dimensions and morphological indices of Albizia amara
(Arad) wood

Hardwood Albizia amara (Arad) wood

Fiber dimension
Average fiber length, mm 0.915±0.14
Average fiber diameter, µm 40.2±0.76
Average lumen diameter, µm 23.5±0.46
Average wall thickness, µm 8.5±0.44

Morphological indices
Runkel ratio 0.72
Flexibility coefficient, % 58.46
Wall fraction, % 21.14
Felting power (slenderness ratio) 22.76

Table 3: Chemical components of Albizia amara (Arad) wood

Chemical composition, % Albizia amara (Arad) wood 

Ash 1±0.08
Solubility in
       Hot water 1.6 ±0.23 

Cold water 3.0±0.33
Ethanol: Cyclohexane (1:2) 0.2±0.12
1% NaOH 16.5±0.32
 Kurchner-Hoffer cellulose 51.6±0.22
 Lignin 26.0±0.35
Total extractives 5.51 N/A
Cellulose to lignin ratio 1.98 N/A

N/A= Not available 

the chemical as NaOH, by 2% compared to soda pulp
cooked with 17%, the soda -AQ cooked with 15% gave
higher screened yield, higher total yield and lower
percentage of rejects at more or less similar Kappa
number. On the other hand when increasing the soda to
17% and compared to soda 15%, the screened yield
increased with decreased rejects at more or less Kappa
number. From the mentioned results it seemed the

the pulping properties as addition of AQ even in small
amounts as 0.05 on oven dry wood, with keeping the
percentage of NaOH constant.

Fig. 3: Screened yield, rejects and total yield of Albizia amara (Arad) pulps under different chemical charge as NaOH
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Fig. 4: Tensile index, (Nmg ) vs. beating time (min) of unbleached Albizia amara (Arad) pulps1

Fig. 5: Burst index, (K Pa m  g ) vs. beating time (min) of unbleached Albizia amara (Arad) pulps2 1

Fig. 6: Breaking length, (Km) vs. beating time (min) of unbleached Albizia amara (Arad) pulps
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Fig. 7: Apparent density, (g cm ) vs. beating time (min) of unbleached Albizia amara (Arad) pulps3

Fig. 8: Prepared hand sheet from pulp of Albizia amara (Arad) pulps for physical properties evaluation

The physical pulp properties for soda and Soda-AQ conditions. The application of soda-AQ method to
for  Albizia  amara  wood  are  reflected in Figures 4-7. produce pulp of Albizia amara (Arad) wood will be smart
The superiority of Soda-AQ pulps was obvious compared opinion where the screened and total yields gave high
to soda pulps supported literature results [28-32] in tensile percentages compared to soda pulping methods at the
index (Figure 4), burst index (Figure 5), breaking length same Kappa number. The chemical constituents and fiber
(Figure 6) and apparent density (Figure 7). properties were at the range of tropical hardwoods.

It appeared that due to the low amount of extractives
in Albizia amara (Arad), produced pulps with light color ACKNOWLEDGMENTS
for all soda and soda-AQ sheets, although of relatively
high Kappa number produced ( residual lignin),as shown The authors are grateful for the Cellulose Chemistry
in Figure 8. and Technology Research Unit at the National Centre for

CONCLUSION research facilities.

The plantation of Albizia amara (Arad) in different REFERENCES
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