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Abstract— This research work examined and characterized saw dust from Entandrophragma cylindricum (Sapele), Diospyruscrassiflora (Ebony),
Triplochitonscleroxylon (Obeche) and Chlorophora excelsa (Iroko) wood using both proximate and elemental or ultimate analysis. This was carried out
to facilitate engineering analysis and engineering application of composites resulting from a blend of polymer and these saw dusts. The particle size was
determined using sieves of 3.35mm, 2.80mm and 1.18mm aperture, while moisture content was examined using oven-dry method and from the mois-
ture content it is seen that the moisture content of the samples investigated fall within the standard average of 20 to 60 %, with Sapele, Ebony, Obeche
and Iroko having moisture content of 33.3%, 25.0%, 53.8% and 23.3% respectively. Hydrogen and oxygen content were determined quantitatively using
the  fact  that  water  is  made up of  these  gases.  The  carbon content  was  also  investigated and the  result  shows that  both  oxygen carbon are  relatively
abundant in the sawdust’s investigated. The sawdust char (carbon) content and pH were also determined using a pyrolysis reactor and pH meter re-
spectively. Both Ebony and Obeche are neutral while Sapele and Iroko are slightly alkaline and acidic respectively.  The properties are in agreement
with previous data obtained for an average of 11 hardwood and soft wood.
Index Terms— Characterisation, Chlorophora excelsa (Iroko), Composites, Diospyruscrassiflora (Ebony), Entandrophragma Cylindricum (Sapele), Saw-
dust, Triplochitonscleroxylon (Obeche), Sawdust, Characterization.
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1  INTRODUCTION

ood is a naturally occurring organic composite material
that is hard and made up of cellulose fibrous structural

tissue. This fibrous strong in tension structures embedded in le-
guminous  matrix  are  found  in  the  stems  and  roots  of  trees  and
other woody plants. They resist compressive stress. In its dried
state wood has been used for thousands of years for both fuel and
construction material [39]. Like man made composite that can be
tailored to have specific properties for specific purpose as is the
case  with  polymer  composites,  [3],  wood  has  naturally  built  in
properties  that  can  be  improved  on  by  treatment.  As  a  rule  of
thumb, a relationship exists between characteristics of a wood
type and its source tree.  One notable characteristic of wood is its
density. Depending on the source and specie the density of wood
varies and correlate with its strength (mechanical properties) and
determines its end use. For instance, while mahogany is a medi-
um-dense hardwood with excellent ability for fine furniture craft-
ing, Balsa is useful for model building because of its light weight.
Wood can also be characterized as either soft or hard, [39], [37],
[38]. The wood from conifers (e.g. pine) is called softwood, and
the wood from dicotyledons (usually broad leaves trees e.g. Oak)
is  called  hardwood.  These  classifications  are  a  bit  misleading  as
hardwoods are not necessarily hard, and softwoods are not neces-
sarily  soft.  The  well-known balsa  (a  hardwood)  is  actually  softer
than any commercial softwood.

Conversely, some soft woods (e.g. yew) are harder than many
hardwoods. Some other classification as “hardwoods” or “soft-
woods” is based on a botanical difference. Softwoods (or “gymno-
sperms”) are the conifers [1], that is needle-bearing trees that are
often evergreen while Hardwoods (or “angiosperms”) are broad-
leaved, mostly deciduous trees. Characteristics of hardwood in-
clude the fact that it is dense, hard and found all over the world.
Conversely, softwoods are soft and found only in the northern
hemisphere mostly. Hardwoods are dark and heavy, while soft-
woods  are  light  in  colour  and  weight.  Also,  the  quality  of  wood
can be defined relative to the properties that make them useful for
particular purpose [48]. Amongst others, density and micro fibril
angle (indicators of strength and stiffness respectively) are prima-
ry determinants of what a wood quality is said to be [9], [10]. Dif-
ferent professionals define the quality of wood differently. As
discussed  by  Addis  et  al  [1]  the  saw miller  for  economic  reasons
considers production and the value of the grade as deciders to
consider in wood qualities categorization. For the structural engi-
neer  wood  quality  is  based  on  stiffness  level.  The  usability  of  a
type of wood for him as essential components of structures such
as beams, joists, purlins studs and trusses a high stiffness level
indicates quality wood as this property is the most important.
wood density and long fiber length with low lignin content is
important for the wood technologist and the paper and pulp mil-
ler respectively. The pulp miller considers longer fiber length as
reasons for increased value of wood [11]. Wood density and wood
specific  gravity  both  indicate  the  amount  of  actual  wood  sub-
stance present in a unit volume of wood [47]. Murphy et al Osew
and O’sullivan [28], [29], [30] and Panshin and de Zeeuw [32] all
acknowledged that wood density is not a simple characteristic
[33], [34]. Pashin and de Zeeuw [32] stated that the quality of
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wood that gives specifics as to the wood cell size, strength, stiff-
ness, ease of drying, machining, hardness and other paper mak-
ing properties. This fact is corroborated by Brazier and Howell
[46].  They  explained  that  density  is  one  of  the  most  important
properties that determines the use of a timber. According to them,
it Emphasizes the effect on the technical performance of wood, the
strength and processing behavior of sawn wood and veneer, and
the yields of wood fiber in pulp production. Basic density is close-
ly related to end-use quality parameters such as pulp yield and
structural timber strength [19], [45].
However, whatever the classification, every wood has the same
components and three other main components [39]. Cellulose a
Crystalline polymer derived from glucose constitutes about 41-
43%. Next in abundance is hemicellulose, which is around 20% in
deciduous  trees  but  near  30%  in  conifers.  It  is  mainly  5-carbon
sugars that are linked in an irregular manner, in contrast to the
cellulose lignin is the third components at around 27% in conifer-
ous wood versus 23% in deciduous trees, [12],[13],[14],[15].
In chemical terms, the difference between hardwood and soft-
wood is reflected in the composition of the constituent lignin.
Hardwood lignin is primary derived from sinapyl alcohol and
coniferyl alcohol. Softwood lignin is mainly derived from conifer-
ly alcohol [39].
For effective usage wood has to be subjected to cutting, grinding,
drilling, sanding or otherwise sawing wood with a saw or tool.
The resulting by-product of any of these processes is sawdust. It is
composed of  fine  particles  of  woods.  It  is  also  the  by-product  of
certain animals, birds and inserts which live in wood such as the
woodpecker and carpenter ant. The sawdust or wood dust pre-
sents a hazard in terms of its flammability. A major use for wood
dust is a pulp or as a fuel (sawdust pellets that has grown in pro-
duction  over  the  years  [44].  It  is  also  used  in  the  manufacture  of
charcoal briquettes [39]. Entandrophragma cylindricum (Sapele),
Diospyruscrassiflora (Ebony), Triplochitonscleroxylon (Obeche)
and Chlorophora excelsa (Iroko) woods are among the most dom-
inant and major hardwood used in many countries around the
world and in the Niger Delta region of Nigeria. Their huge avail-
ability makes it readily available for use for construction works
and other areas especially in energy production (burning) and
these make their sawdust a nuisance or hazard which needs atten-
tion. In the light of this the Canadian Centre for Occupational
Health & Safety [41] reported that the exposure to wood dust has
negative health implication due to the natural chemicals in the
wood,  or  other  substances  like  bacteria,  fungi  or  moulds  in  the
wood. Again, sawdust is considered carcinogenic to humans and
it is grouped under category 1, (Group 1) according to the Interna-
tional Agency for Research on Cancer (IARC) [42]. IARC classified
sawdust as carcinogen causing nasal cavity (nose area) and para-
nasal sinuses (spaces in and around the nasal cavity) and of the
nasopharynx (upper part of the throat, behind the nose). Sawdust
has also been associated with toxic effects, irritation of the eyes,
nose and throat, dermatitis, and respiratory system effects which
include decreased lung capacity and allergic reactions. Based on
the need for the use of the abundant sawdust this research exam-
ined the  chemical  compounds  in  these  woods  in  other  to  recom-
mends  safe  usage  methodology  and  practicality  in  matrix  for-

mation with polymers. Prevention of hazards to man and the en-
vironment when they are used in other manufacturing processes
such as waste water treatment [24], preparation of anion exchang-
ers [23], or recycled are other key considerations.
Araceli et al [5] reported that the search for a standard method to
analyze hardwood saw, dust in the midst of other dust is still on.
However, the tannin content that is, the polyphenol compounds,
classified as hydrolysable (gallic and ellagic acid derivatives) and
condensed tannins, with the basic unit as flavone (quercetin, cate-
chin, epicatechin, myricetin etc.), in a sample can be helpful in
distinguishing between softwood and hardwood particles [7], [8]
since hardwoods such as oak or mahogany have a higher tannin
concentration than softwoods (e.g. pine, spruce fir). It is worthy of
note that analysis of the total tannin content does not provide
clear identification of the hardwood type (e.g. oak, beech or ash
dust particles). Mämmela [26], [27] identified that the tannin con-
tent differs within and between wood species. Therefore, it is only
when the specific phenol compound is identified that it can be
said that identification has taken place. The analytical procedure
usually consists of digestion of the sawdust, usually by ultra-
sonication in an alcohol, separation by high performance liquid
chromatography (HPLC) and mass spectrometry (MS) detection.
Mämmela [27] researched on the different phenol composition in
beech,  birch  and  ash  with  the  aim  of  finding  a  specific  com-
pound(s) to characterize each wood. The result showed that the
phenol composition in the three species was different from that
found in oak sawdust (mostly gallic acid derivatives); birch saw-
dust did not contain gallic acid. However, the phenol content var-
ied considerably within the same species and so an appropriate
surrogate could not be identified. The author suggested that a
more powerful analytical technique, such as Nuclear Magnetic
Resonance (NMR) spectroscopy, could help to identify sawdust
sources. In several studies it has been reported that Gallic acid
(3,4,5-trihydroxybenzoic acid) and egallic acid (2,3,7,8-tetra hy-
droxychromeno[5,4,3-cde] chromene 5,10-dione) are good indica-
tors of the presence of oak dust [7], [8], [16] [26], [27]. Acacia,
chestnut and Oak have also shown high peaks of gallic species [8].
Gori et al [8] developed a method to assess specific exposure to
teak sawdust. A method to isolate wood dust from other envi-
ronmental dust particles has been developed by Rando et al [36].
The method uses diffuse reflectance infrared Fourier transform
spectroscopy (DRIFTS) analysis of the cellulose content of the
wood. The method specifically identifies cellulose which is not
present in non-wood dust particles (e.g. paint sprays, mineral
particles, etc.). only poly urethane spray on finish showed insig-
nificant interferences. According to Rando et al [36], a major
shortfall in this methodology is that DRIFTS analysis is sensitive
to changes in the particle size distribution. Therefore, particle size
distribution of the sawdust being sampled must match the ex-
pected analytical standard used for the quantification. The meth-
od is  valid  for  filter  mass  loadings  from 0.1-0.4  mg,  which  corre-
sponds to about 0.10-4.20 mg/m3 for sampling 8hrs at a flow rate
of  2.0l/min.  Therefore,  it  is  seen  that  it  is  possible  to  chemically
analyze samples to determine specific hardwood dust compo-
nents. The different methods reported indicate that hardwood can
be distinguished from softwood from the tannin content in the
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dust. Other methods have been developed that allow identifica-
tion of specific hardwood species [17],[18]. However, if different
hardwood species are present in the dust then analysis of tannins
content of the hardwood species and establishment of the tannin
content equivalent to 1mg/m3 of  inhalable  dust  gives  a  lee  way.
This might have to be established for each hardwood species and
variety within each species since the tannin content differs in
between the species of the same wood.
This study analyzed quantitatively four hardwood species
namely Sapele, Ebony, Obeche and Iroko woods with their
binomial name as Sapele (Entandrophragma cylindricum),
Ebony (Diospyruscrassiflora), Obeche (Triplochitonscler-
oxylon) and Iroko (Chlorophora excelsa) and determined
their moisture content, alkalinity, acidity and the amount
of hydrogen, Oxygen, sulphur and hydrogen present in the
various samples of their sawdusts.

2.0 MATERIAL AND METHODS
2.1 MATERIALS AND EQUIPMENTS
The  materials  and  equipment  used  in  this  research  is  as
listed in section 2.11 and 2.12 below. Following recent pub-
lications on timbers  of  Ghana [31],  the  basic  nomenclature
of scientific and family name follows that of Hall and
Swame. Each species is first identified by its botanical
name, followed by the local name.

2.11 MATERIALS
The materials that were used are; Triplochiton scleroxylon
(Obeche) wood dust, Enatandrophragm cylindricum (Sape-
le or Sapelli) wood dust, Chlorophora excels (Iroko) wood
dust and Diospyros crassiflora (Ebony) wood dust.
And  these  sawdusts  were  obtained  from  the  saw  mill
around Port Harcourt, Rivers State Nigeria.

2.12 EQUIPMENTS
The equipments used are: Digital weighing balance, Oven,
Beakers, measuring cylinders, Gas burner, Containers, and
Cooling water. And all the experiments were carried out in
the laboratory in chemical-petrochemical department, Fac-
ulty of Engineering of Rivers State University, Nkpolu –
Oroworukwo, Port Harcourt, Rivers State Nigeria.

3.0 RESEARCH METHODOLOGY
For this research, the main biomass fuel analyses were
done  for:  The  particle  size,  Carbon  content  and  Hydrogen
content. Others are Oxygen content, Nitrogen content and
Acidity/ alkalinity.
Although the chemical constituents like cellulose, hemicel-
lulose  and lignin are  also important  they were not  consid-
ered in this research work. The constituents like carbon,
hydrogen, oxygen, nitrogen and halogen gases are usually
termed  as  Elemental  or  Ultimate  analysis.  This  analyses

provides weight percentage of carbon, hydrogen, oxygen,
nitrogen and so on. The analysis that provides the weight
fraction of moisture content, volatile and non-volatile con-
tents including Tar, charcoal and ash are termed Proximate
analysis. Sometimes, the yield of dry wood under combus-
tion conditions may be further subdivided into light hy-
drocarbon, tar, carbon monoxide, hydrogen and moisture
yield.

3.1 PROXIMATE ANALYSIS
3.11 Particles Size Determination
The biomass samples have various size, thus the average
sizes of the particle was adopted. Sieves of various aper-
tures were used to separate the particle into sizes and their
average size was determined. The 3.35mm, 2.80mm and
1.18mm sieve apertures were used for sieving 600g of each
wood  dust  samples,  their  collections  were  weighed  and
their average size gave the particles average size.

3.12 Moisture Content Determination
For the moisture content determination, the oven-dry
method was adopted. In this method, the blended samples
(i.e. the samples of Iroko, Sapele, Ebony and Obeche wood
dust) were obtained and weighed to determined their ini-
tial  weight.  The known mass  of  the sample was then oven
dried at a temperature of about 103- 105oC for 120 minutes.
Then the samples were taken out and allowed to cool in an
air-tight container before determining its new weight called
the Dry weight on a digital. It was observed that there was
loss in weight due to the removal or evaporation of its wa-
ter/moisture content from the sample.
Therefore,  using the following formula the water/moisture
content of the blended sample could was determined;

Moisture content = {(WW–DW)/DW}x100%              (1)
Where: WW = wet weight, DW=dry weight
These experiments were carried out on pure sample of each
wood sawdust to determine their moisture content indi-
vidually. Their initial weight was chosen to be 100g of each
sample and their various dry weights was determined and
their various moisture contents noted.

3.2 ELEMENTAL/ ULTIMATE ANALYSIS
3.21 Hydrogen and Oxygen Content Determination
The amount of hydrogen of the wood sample (wood dust)
was determined based on the knowledge of the amount of
water present in the sample. Using the Stiochiometric rela-
tionship we obtained the amount of hydrogen from its per-
centage composition in water or as a mass fraction. Chemi-
cally, water is made up of hydrogen and oxygen only i.e.

2H2(g) + O2(g)      2H2O(l)
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This method was applied to the various woods samples
and their blends. The same methodology was used for oxy-
gen content determination

3.22 Carbon Content Determination
To obtained the amount of carbon content in the wood
samples. The dried saw dust obtained during the moisture
content  determination  was  sent  to  a  pyrolysis  plant  to  de-
compose the saw dust into its structural components con-
sisting of volatile liquid and a residue of char (otherwise
known as carbon). The pyrolysis was carried out in a tem-
perature of 300- 350OC for  about  90  minutes.  After  the py-
rolysis process, the char inside the reactor was extracted
enclosed in an air-tight container to avoid adsorption of air.
The  char  (carbon)  was  then  measured  to  determine  its
weight/ mass upon which its percentage composition in the
ground sample waSs being calculated. The percentage of
the carbon content was obtained using:
Carbon content (%) = {(WoD–WaP)/WoD}x100%              (2)
Where:  WoD = Weight  of  Dry sample,  WaP =  Weight  after
pyrolysis.

3.23 Nitrogen Content Determination
The percentage of nitrogen content in the sawdust samples
were obtained using Kjeldahl- Gunning-Arnold method.
While the acidity of the various wood dust samples were
determined  by  measuring  an  equal  amount  of  various
wood samples and adding 100 ml of distilled water. It was
stirred vigorously and taken to a pH meter to determine
their various levels of acidity or alkalinity.

4.0 RESULTS AND DISCUSSION
The elemental and proximate composition of various
woods (Sapele, Iroko, Ebony and Obeche) is presented be-
low.  The result  indicate  that  the composition of  wood var-
ies depending on the type of tree species (variation within
species, locality, handling process, density and strength)
[47].

PROXIMATE ANALYSIS
Particle Size Determination
The actual particle size of the sawdusts could not be de-
termined because they contain various sizes of particles, so
their  average was adopted.  When 600g of  each samples  of
sawdust weere sieved through 3.35mm, 2.80mm, 1.18mm
sieve aperture,  the  following readings tabulated in  Table  1
were obtained.

Table 1.  weight of sawdust after sieving.
Sieve
Aper-
ture(mm)

Weigh after sieving (g)

Obeche Sapele Iroko Ebony

1.18 390 540 505 450
2.80 575 580 580 562
3.35 580 587 590 572

Figure 1: Weight  of  the various saw dust  in  the sieve after
sieving.

From Table 1 and Figure 1, it can be seen that more parti-
cles are retained in 1.18 and 2.8mm sieves and their average
is 1.99mm, which is approximately the same with the re-
port of Johnson et al [21].

Moisture Content Determination
The sawdust moisture content depends on the species, age
and the amount of drying of the wood or tree. Table 2 gives
the result of 100g of each sample of the sawdust (with
moisture) after oven-drying.

TABLE 2
THE DRY WEIGH AND % MOISTURE CONTENT OF

THE FOUR SAMPLES OF WOOD
Sample Dry weight (g) % moisture con-

tent

Obeche 65 53.85
Sapele 75 33.33
Iroko 81 23.35
Ebony 80 25.0
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Figure 2.  weight of the dry weight and moisture content of
the four saw dust.

Figure  2  shows  that  Iroko  and  Ebony  have  the  least  %
moisture content likely because they were obtained dried at
the time of the experiment. But normally, moisture content
of wood chips is between 20-60%. Again, the results of this
work falls within range.

Acidity/Alkalinity Determination
The  result  tabulated  in  Table  3,  gives  the  pH  value  of  the
various samples. The result as expressed in Figure 3 shows
that  both Ebony and Obeche are  neutral  while  Sapele  and
Iroko are slightly alkaline and acidic respectively.

TABLE 3
THE PH OF THE VARIOUS SAMPLES

Elemental Analysis
The elemental analysis gives the hydrogen, oxygen, nitro-
gen, carbon and sulphur content of the various samples of
the sawdust. The nitrogen and sulphur were not given con-
sideration because its content in many woods is approxi-
mately zero or can’t be easily detected.

Figure 3. pH of the four samples of wood dust.

The result of this analysis is outlined below for the four
samples  of  saw dusts.  Figure 4.4  below shows the amount
of char (carbon) after pyrolysis, the hydrogen, oxygen, ni-
trogen and sulphur content in the various samples of the
sawdust.  While  Figure  4.5  gives  the  work  of  Ragland et al
[35] which confirm the authenticity of the analysis.

TABLE 4.
THE ELEMENTAL ANALYSIS RESULTS OF THE VARI-

OUS SAMPLES OF WOOD DUST.

TABLE 5
THE RESULTS OF RAGLAND ET AL [35].

Element
Average

of 11
hard
wood

Average
of a soft

wood
Oak bark Pine bark

C 50.2 52.7 52.6 54.9
H 6.2 6.3 5.7 5.8
O 43.5 40.8 41.5 39.0
N 0.1 0.2 0.1 0.1
S 0 0.1 0.1

Sample pH
Entandrophragma cylindricum
(Sapele)

8

Chlorophora excelsa (Iroko) 6
Diospyruscrassiflora (Ebony) 7
Triplochitonscleroxylon
(Obeche)

7

Element
PERCENTAGE (%)

Obeche Sapele Iroko Ebony
Carbon(char) 48.73 54.6 57.46 53.54
Hydrogen 5.78 4.7 4.57 6.67
Oxygen 45.47 40.69 38.05 39.78
Sulphur 0 0 0 0
Nitrogen 0.02 0.01 0.01 0.01
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Figure 4. The elemental analysis of the four saw dust.

Figure 5. The results of the Ragland et al [35] for hard and

soft woods.

CONCLUSION
The values of the analysis or characterization of sawdusts
from four different trees have been compiled and reviewed
in this work. The results are good tool in determining reac-
tion possibilities when they are used in composite for-
mation with polymers with single or double bonds in their
backbone.  The  carbon  char  is  also  an  indication  of  their
ability to play the role of good fillers in composite for-
mation. However, their potential to absorb water indicates
need  for  treatment  when  required  for  use  in  composites
that  will  be  exposed  to  humid  environment.  The  fact  that
the combustion of wood can result in a number of pollu-
tants  is  verified,  and  that  the  amount  of  constitutes  in  the
various  saw  dusts  have  been  seen  to  depends  on  the  spe-
cies of the tree, age of the tree and other numerous factors
that are not considered in this work. Thus, industrial activi-
ties or application of sawdust such as their blend with pol-

ymers should be done in consideration to the possible
health implications and environmental hazard for endusers
of resulting composites.
Again this research reinforces the need for care during
combustion or degradation of sawdust since they no doubt
emit hazardous substances that are carcinogenic into the
environment. Great consideration should be given to saw-
dust from wood in areas prone to crude oil spill. Izionworu
and Amadi [4] revealed that crude oil pollution in soil from
such polluted environment weakens the compressive
strength  of  resulting  polymer  concrete  and  this  is  a  clear
indication that for woods in areas polluted with crude oil,
the impact on composite from resulting sawdust will show
weak mechanical strength. In Powell’s study [20], it was
seen that pollution by hydrocarbon results in inhibition or
reduction of plant growth and the death of the plant. This
shows the fatal  effect  of  hydrocarbon on wood.   hence the
need to investigate to ascertain the level of impact on com-
posites made from wood in crude oil polluted environ-
ment.
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