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 The pulping and paper making characteristics of Acacia nilotica Var. 
tomentosa (benth.) A.F. Hill and Trema orientalis (Linn.) Blume (both lesser 
known tropical hardwood timbers) and Raphia hookeri (tropical wine palm) 
were investigated. Chips of each species of average dimensions (43mm by 
0.15mm) were separately pulped by either sulphate (at 20% sulphidity) or 
soda-anthraquinone cook (AQ used as catalysts at 0.1% wt/wt) at either 11, 14 
or 17% active alkali and material; liquor ratio of 1:4. Unbleached pulp yields 
averaged 48.3 to 58.1% for sulphate and 50.3 to 60% for soda –AQ cooks. 
Fiber dimensions were measured with aid of stage and ocular micrometer 
scales. Means fiber lengths were 1.133; 1.526 and 1.275mm for A. nilotica; T. 
orientalis and R. hookeri respectively. Unbleached pulps were screened in a 
vibrating screen with 0.25mm slots. Average screen rejects for different active 
alkali cooks ranged from 0.5 to 5.2% for sulphate and 0.1 to 4.2% for soda-
AQ cooks. Unbleached pulp yield, Kappa number and screen rejects 
decreased as percentage of active alkali in cook of each type of furnish was 
increased. Pulp bleaching was done in a 4-stage (CEHD) bleaching sequence 
under same conditions for all pulp types. Brightness level reached ranged 
from 85 to 90%. Standard laboratory sheets were made from bleached and 
unbleached pulps and properties of paper tested in accordance with provisions 
of the Technical Association of the pulp and paper industry, U.S.A. (TAPPI), 
1980). Physical and strength properties were good. Result indicates that each 
of the species has potentials for pulp and paper making either alone or in 
mixture with long fiber pulps. 
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INTRODUCTION 

 
The pulp and paper industrial sector in Nigeria is still 

at its infancy. At the moment, all the long-fiber pulps used 
by the industry are imported. Anon (1989) stressed the 
need for local sourcing of medium length fiber pulps from 
local hardwood species, non-woody forest plants and 
agricultural residues. Most of the studies to determine the 
adequacy or otherwise of locally grown timber producing 
species in meeting the fibre requirements of the nation had 
been done with exotic tree species grown in Nigeria 
(Chittendon, et al., 1962; Sasanwo and Linberg, 1975; 
Akpabio, 1989; 1997; Ekwebelam, 1991; Onuorah and 
Nnabuife, 2001). 

Each of the timber producing species studied here 
(namely Acacia nilotica Var. tomentosa (Benth.) A.F. Hill 
Syn A. Scorpiodes (Linn) A.F. Wight Var. Pubescens and 
Trema orientalis (Linn.) Blume enjoy wide spread 
distribution within savanna vegetation belts of sub-
saharan Africa. Each species also grows to become a 
moderately tall tree with acceptable merchantable girth. 
Available records indicate that each of the above timber 
producing species enjoys above mean annual increment 
when compared to economic trees of the vegetation zone 
(Anon, 1994). On the other hand Raphia hookeri  Man. 
Wendland (otherwise called wine palm) is a tropical wine 
palm with wide distribution in the rainforest vegetation 
belt and in swamps and low lying lands. At the moment, 
there is no reported industrial or commercial uses for the 
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trunk except that the fiber is used for yam staking in yam 
barns and the sap of the livi8ng tree for alcohol. As a 
plant, R hookeri has high annual biomass production 
(Anon, 1989). Neither the two timber producing species 
nor the wine palm is yet important locally for its 
solidwood utilization. 

 
Aims and objectives 

The aims and objectives of the study were: 
1. To determine the broad fiber dimensions and do 

proximate chemical analysis of Acacia nilotica and 
Trema orientalis (both tropical hardwood lesser 
known timber species) and Raphia hookeri (a tropical 
wine palm). 

2. To determine the pulping, bleaching and paper 
making characteristics of each under laboratory 
conditions; and  

3. To determine some physical and strength properties 
of the resultant paper. 

 
MATERIALS AND METHODS 

 
Geography 

The Acacia nilotica Var. tomentosa (Benth.) A F. Hill 
and Trema orientalis (Linn) Blume used in this study 
were obtained from natural forests in the Guinea Savanna 
Vegetation Zone of Nigeria. The area from which the 
samples were obtained can be defined by the geographical 
co-ordinates of 6o 25” N to 9o 25” N latitude and 5o 45” E 
to 7o 39” E longitude. Rainfall in this region is bimodal (5 
to 6 months of rainfall and 4 to 6 months of dry season). 
Mean annual temperature is about 27oC with about 68% 
Relative Humidity (Anon 1996). 

Conversely, the Raphia hookeri Man. & Wendland 
(tropical wine palm) used in this study were obtained from 
stands in low lying lands and swamps in the South-East 
zone of Nigeria. The appropriate geographical co-
ordinates for where the palms were harvested are 4o 45” N 
to 7o 50” N latitude and 5o 30” E to 8o 35” E longitude. 
Again, rainfall is bimodal and mean annual rainfall vary 
from 1,500mm to 2,200mm. The area has mean daily 
Relatives Humidity (R.H.) of about 75% (Anon, 1996). 
 
Sample collection and preparation 

Before each tree/palm was felled, on-site 
identification was carried out in the forest using floral 
features according to the methods described by Keay, et 
al., (1960, 1964). The woods of each species were further 
identified in the laboratory using a dichotomous key and 
after the procedure reported by Brazier and Franklin 
(1961). 

For each tree/palm felled 10cm thick long discs by 
diameter of trunk were cut at 10, 20, 30, 50, 70 and 90% 
of total length along free bole of felled tree starting from 
the base (Onuorah, 2000; Akachukwu, 1992). One half of 
each disc was used for the determination of specific 
gravity and proximate analysis while the other half was 
reduced to chips and representative samples pulp. In the 
case of the two tree species, only the wood (xylem) 
section was used in each case while in the case of the 
wine palm (R. hookeri) the used portion was the 
“dehushed” trunk (i.e mixture of phloem and xylem tissue 
from the trunk with the outer protective layer removed). 

METHODS 
 
Specific gravity determination 

Specific gravity of wood was determined in 
accordance with the provisions of the standard procedure 
of the Technical Association of the pulp and paper 
industry, USA (TAPPI, 1980). 
 
Pulp prouction 

Bolts of each species were reduced to chips in the 
laboratory. The chips were later-on screened using 
Somerville screen and chips of average 43mm lengths by 
0.15mm widths were collected and used for pulp 
production. 

Chip digestion was carried out in a laboratory 
electrically heated stainless steal digest. Either the suphate 
or soda-anthraguinone (soda-AQ) cook was used for 
pulping. 650g (oven dry weight basis) of chips were 
charged into the digester per cook together with 
appropriate cooking chemical at a material: Liquor ratio 
of 1:4. 

In the sulphate process, the cooking liquor had either 
11, 14 or 17% active alkali (NaOH: Na2S=3:1) as Na2O to 
digest the chips while the sulphidity was kept constant 
(20%). The cooking was done at a constant temperature of 
165 + 2oC. The time to temperature was Ca 60 minutes 
while total cooking time was 4 hours. At the end of the 
cooking time, the resultant pulp was blown off from the 
digester and the spent liquor collected for further analysis. 
The pulp was subsequently washed thoroughly in a tank 
with copious water supply from the domestic public water 
supply. This was to ensure total removal of residual alkali. 

In the soda-anthraquinone (Soda-AQ) process, 0.1% 
AQ as catalyst (Fengal and Wengener, 1983) was used 
with either 11, 14 or 17% active alkali as Na2O. The time 
to temperature, time at temperature and total time for the 
cook were all deliberately kept at per as was used in the 
sulphate cooks above. 

Unbleached pulp yields under each pulping 
conditions were recorded. Unbleached pulps were 
screened in a vibratory screen with 0.25mm slots. The 
percentage accepts and rejects were recorded. 
 
Determination of fiber dimensions 

At the end of pulp washing, representative pulp 
samples from each cook were taken from the pulp 
suspension and transferred onto a glass trough. Each 
sampling was followed by repeated agitation of the 
suspension before another sample was taken. The pulp 
samples were further subjected to further defibrillation by 
subjecting each to vigorous shakes in water in the 
presence of glass beads. Fiber dimensions (length, width 
and wall thickness) were measured “wet” with the aid of 
stage and ocular scale devices in an optical research 
microscope (Micron EMC 2200 Excelsior Research 
Microscope Model). A total of 120 fibres per species had 
their dimensions measured and these parameters recorded. 
The arithmetic means and standard deviations were 
estimated and recorded. 
 
Pulp bleaching  

The pulp produced from either the sulphate or soda-
AQ processes were bleached in a four-stage bleaching 
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sequence (CEHD). At each stage of the bleaching 
sequence, occasional agitation was given to the pulp chest 
for one minute. This was repeated after every other ten 
minutes. 

In the first stage of the four stage bleaching sequence, 
chlorination was done in acid resistant chest with chlorine, 
hypochlorous acid and hypochlorite ions at 40% of total 
chlorine demand. Pulp consistency was kept low at 5%. 
The temperature was kept constant (25+2oC q.v.). The pH 
was also kept constant (slightly acidic = pH 6). At the end 
of two hours, the pulp was thoroughly washed.  

In the second stage of the four stage bleaching 
sequence, the pulp was subjected to alkali extraction using 
one percent NaOH at pulp consistency of 10% for 50 
minutes at a temperature of 90oC and constant pH of 11.5. 
At the end of the extraction process the pulp was again 
thoroughly washed in water. 

In the third stage of the bleaching sequence, the 
hypochlorite at 40% of total chlorine demand was added 
to the pulp at a consistency of 10% and pH of 11.0. This 
was kept at temperature of 30+20C q.v. for 90 minutes. At 
the end of this stage of the process, the pulp was again 
thoroughly washed in water. 

In the fourth and final stage of the bleaching 
sequence the pulp was subjected to chlorine dioxide 
(CIO2) bleaching with the CIO2 as 60% of the available 
chlorine demand. 

Pulp slurry was kept at 10% consistency. This was 
kept at Ca 90+2oC for 90 minutes at constant pH of 6. 
Again, at the end of the sequence the pulp was thoroughly 
washed in water. The yields for the bleached pulps and 
their brightness were recorded. 
 
Paper sheet making and testing 

Pulp produced were further blended and subjected to 
further disintegration and beaten. Pulp was beaten at low 
consistency until average Canadian Standard Freeness 
(C.F.S.) in the range of 200-300q.v. was achieved. The 
laboratory beater used, according to manufacturer, 
conformed to TAPPI T 248 specifications. 

Paper sheets (62.6+3; 57.3+1; and 59+2 g/m2 
respectively for Acacia nilotica; Raphia hookeri; and 
Trema  orientalis) were prepared from unbleached pulps 
on a  sheet former Kral Schrodex KG type machine from a  
suspension of 0.25% consistency. Sheets were dried in a 
ventilated oven for 24 hours at Ca 80+1oC and 65+2% 
Relative Humidity (R.H.) for 2 hours. 

Test sheets (bleached and unbleached) conditioned as 
above were later tested for different physical and strength 
properties (breaking length; burst factor; tear factor; 
folding endurance (double fold); and stiffness) in 
accordance with the provisions of TAPPI standards 
(1980). 
 

RESULTS AND DISCUSSION 
 

The results are presented in table 1 through table 6. 
Table 1 presents results of the proximate chemical 
analysis for each of the species used in this study. The 
average hollocelluse component of each of the three 
species used in this study were 72.25; 74.63 and 72.73% 
while the average ligrin content were 26.10; 23.45 and 
25.40% respectively for A nilotica; R. Hooker, and T 
orientalis. These are with acceptable range for tropical 
woods. They also allow for optimal yield of mild 
delignification methods were adopted. The ash content 
ranges from 1.85 to 3.08%. Some hardwood species e.g 
Gmelina arborea L. grown in Nigeria and which had been 
successfully used for pulp and paper production have far 
higher ash content (Akpabio, 1989; Anon, 1989).  

The results of the wood specific gravity (oven dry 
weight method) and the fiber dimensions are presented in 
table 2. The mean fiber lengths of 1.133; 1.275 and 
1.526mm for Acacia nilotica; raphia hookeri  and Trema 
orientalis respectively compare favourably with those of 
other  hardwood  species which are in use in the industry 
 
Table 1: Proximate chemical analysis of two tropical hardwood 
species and a tropicl palm (all grown in Nigeria) 
S/No.
 
 
 
1 

Type of test 
 
 
 
Solubility in: - 
Cold water 
Hot Water 
1% NaOH 
Ethanol-Benzene (1:2) 

Results on oven dry basis (%) 
Species of tropical 

hardwood/palm 
Acacia 
nilotica 

3.12 
9.45 
22.56 
4.11 

Trema 
orentals 

3.72 
10.21 
23.00 
3.15 

Raphia 
hookeri 

2.62 
5.00 
9.87 
5.45

 Moisture content 
Ash content 
Cellulose 
Pentosan 
Lignin 

14.25 
3.08 
53.47 
18.78 
26.10 

16.00 
1.85 
52.60 
20.13 
25.40 

12.86 
3.06 

54.70 
19.93 
23.45 

Legend: * = Raphia hookeri is a tropical wine palm. Test specimens 
were sampled from the dehusked trunk only; Note = each test 
result represents the weighted average from five (5) tests. 

 
Table 2: Wood specific gravity and fiber characteristics of some Nigerian potential pulpwood species 

Family  
name 

Botanical name Trade/ Local 
name 

Wood 
specific 
gravity 
(air dry) 

Fiber charactristics 
Fiber 
length 
(mm) 

Fiber 
diameter 

(mm) 

Fiber wall 
thickness 

(mm) 

Fiber 
length/ 
width 
ratio 

Mimosoideae  Acacia nilotica Var. tomentosa 
(Benth.) A.F. Hill Syn. A. Scropioides 
(Linn) A.F. Wight Var Pubescens 

Bagaruwa-
namiji, marje, 
kisau 

0.92 1.133 
(0.24) 

0.018 
(0.003) 

0.005 
(0.0015) 

63 

Ulmaceae Trema orientalis 
  (Linn.) Blume 

afefe; ehuogo; 
telemuk-wu 

0.64 1.526 
(0.241) 

0.015 
(0.003) 

0.004 
(0.0016) 

102 

Palmae Raphia hookeri 
Mann & Wendland 

Wine palm; 
Ofolo; 
Ngwo 

- 1.275 
(0.278) 

0.013 
(0.0023) 

0.005 
(0.0013) 

98.1 

Note:- (1)  Numbers in parenthesis represent the standard deviations; (2) Wood specific gravity is based on arithmetic mean of 5 
representative determinations; (3) Fiber dimensions are the arithmetic means of 120 fiber measurements. 
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Table 3: Pulping conditions: Unbleached pulp yields, kappa numbers and post screening yields for two tropical hardwood species and 
a tropical palm (all grown in Nigeria) 

 
 
Table 4: Bleaching conditions, resultant pulp brightness and post bleaching pulp yields for pulps produced from either tropical 
hardwood species or tropical wine palm 

 
 
in different continents of the world (Comide, et al;  1972; 
Sasanwo and Linberg, 1975; Philips and Logan, 1976; 
Kumar et al,  1989; Akpabio 1989). The fiber width and 
wall thickness are also presented in table 2. The fiber 
length/width ration (see table 2) are 63, 102 and 98.1 for 
A. nilotica; T. orientalis and R. hookeri respectively. 
These are short fiber pulps and will make opaque papers. 

The pulping conditions, unbleached pulp yields, 
unbleached pulp screen accepts and rejects and the Kappa 
numbers for all pulp cook scenarios used in this study are 
presented in table 3. The unbleached pulp yield ranges 
from 48.3 to 58.1% for sulphate cooks and from 50.3 to 
60.0% for soda-AQ cooks. For each furnish type (species 

of wood) pulp yield decreased as the percentage of active 
alkali in each pulping processes was increased (see table 
3) and figure I). The screened pulp rejects was within 
acceptable level (ranges from 0.5 to 5.2% for unbleached 
sulphate pulps and 0.1 to 4.2% for soda-AQ cooks (see 
table 3). In general, screen rejects decreased as the 
percentage of active alkali used per charge was increased 
(figure 2). Also, for each type of furnish and process, the 
Kappa number of resultant pulp decreased as the 
percentage of active alkali in the charge was increased 
(see figure 3). 

The leaching conditions, bleached pulp yields as well 
as the associated brightness are presented in table 4.
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Table 5: Relative property values of paper produced from hardwoods and a tropical palm (all grown in Nigeria) as influenced by the 
pulping processes (unbleached paper) 

 
 
Table 6: Relative property values of bleached paper produced from tropical hardwoods and a tropical palm (all grown in Nigeria) as 
influenced by the pulping conditions 

 
Bleached pulp yield ranges from a low of 46% to a high 
of 51.0% for sulphate cooks and from a low of 47% to a 
high of 52.1% for soda-AQ cooks (table 4). In general for 
each pulping scenario, yield decreased as percentage of 
active alkali used during chip digestion was increased 
even though the bleaching conditions were kept constant. 

Over 40% improvement in brightness was achieved 
with each type of pulp after the four-stage (CEHD) 
bleaching sequence (see table 4). The bleaching treatment 
has not significantly adversely affected most of the 
strength properties of the pulp and the resultant paper (see 
table 5 and 6). 

Tables 5 and 6 present the relative physical and 
strength properties for the bleached and unbleached paper 
sheets. The breaking length, burst factor, folding 
endurance, sheet stiffness and tear factor were all found to 
be marginally greater for the unbleached sheets than for 
the bleached sheets. 

From the above results and discussion, it is 
reasonable to conclude that each of the three species 
Acacia nilotica; Raphia hookeri;  and Trema orientalis 
have suitable fiber, pulping, bleaching and paper making 
characteristics and that paper made from their pulp have 
acceptable properties. Papers made from chemical pulps
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Fig. 1: Effect of strength of chemicals used in chip digestion on unbleached pulp yields of different fibrous materials 
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Fig. 2: Effect of strength of chemicals used in chip digestion on quality of screen rejects of unbleached pulp of different fibrous 
materials 
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Fig. 3: Effects of strength of chemicals used in chip digestion kappa number of unbleached pulp from different fibrous materials. 
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(sulphate or soda-AQ) of these species will be suitable for 
printing papers, groceries’ bags; aseptic cartons; 
envelopes; gummed ceiling tapes; invitation cards; 
greeting cards, etc. Where very high strength is required, 
they may also be fortified with long fiber pulps to enhance 
the paper properties. 
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