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ABSTRACT

Okhuen (BrachysegiaNigerica) wood isaspeciesof legumein thefabaceae
family. It is found in Southern Nigeria and Cameroun and elsewhere for
construction purposesand firewood. For their use asreinforcement in poly-
mer composites production requires the understanding of their chemical

KEYWORDS

Okhuen wood;
Morpology;
Thermal and Functional
Group.

composition, microstructure and thermal behavior. In thiswork an attempt
was made to investigate the morphology of Okhuen wood through scan-
ning electron microscopy and X-ray diffractometer, their thermal behavior
through thermogravimetric analysis, their functional groups through Infra
red spectrometry. The various results obtained are comparable to those of
other common wood fibers, and confirm that Okhuen wood saw dust show
some potential asreinforcement in polymer matrix composites.
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INTRODUCTION

Wood isacomplex substancethat containscellu-
lose, hemicdlulose, ligninand extractives. Thequantity
of thesecomponentsvariesfrom speciesto speciesand
affectsthe properties of the wood. The type and the
amount of extractives determine the possible use of
wood, asthe oxidation of extractivestendsto increase
the acidity of wood and promote degradation', be-
cause extractives such asterpenes, terpenoids, phenal,
lignansand tannins are very good light absorberg?.

Onthe other hand, thethermal stability of woodis
determined by cellulose, hemicellulose, and lignin con-
tents. Thelow and high stability of wood at low and
high temperatures can be attributed to the amount of
cdllulose, hemicdluloseand lignin present®. Wood with

higher cellul ose content a so contains more hydroxyl
groupsat thewood surface, whichimprovestheinter-
facial adhesion between wood and thermoplastic ma
trix viathe compatibilizer. High cellulose content can,
however, badly affect the water absorption (WA) rate
because of the increased amount of free hydroxyl
groups. Thisisanimportant factor because WA usudly
affectsmechanica propertiesand dimensiond stability,
thereby reducing the scope of application of thesema:
terial 4. Inmany cases, the addition of different wood
speciesto the same polymer matrix can lead to differ-
ent mechanica properties.

The effective use of wood-based particles com-
posites (WPC) and fibersasfillersor reinforcementsin
thermoplastic compositesrequiresafundamental un-
derstanding of thestructural and chemical characteris-
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tic of wood®. One of thekey factors of natural fiber
thermoplastic compositesistherma degradation'®. Fur-
thermoredifferent wood specieshavedifferent anatomi-
ca structures. Thesestructurd differencesgovernthe
useof these materials in WPC!. Reported that differ-
encesin morphology, density, and aspect ratiosacross
wood species account for varying reinforcement prop-
ertiesinthermoplastic composites.

Neagu et d® investigated the stiffness contribution
of variouswood fibersto composite materials. They
observed acorrelation between lignin content and lon-
gitudina youngsmodulus, and anoptimd lignin content
rangefor maximum fiber stiffnesswasrecorded for soft-
wood Kraft fibers. Severa attempts have been made
to correl ate wood-based particlesand fiber properties
to WPC propertieg®1,

Wheat straw has the same basic components as
wood, cellulose, lignin, and pentosan, but the percent-
ages of the componentsare different. Straw contains
29-35/. Cellulose, 16-21/. Lignin, and 26-32/. Pen-
tosan, wheress coniferouswood contains40-45/. Cel-
lulose, 26-34/. Lignin, and 7-14/. Pentosan. The
propertiesof lignocd lulos cfibersmainly depend upon
their chemical composition. Chemical composition of
fibersdependson variousfactors. It varieswith geo-
graphiclocation, climate, type of fibersand soil condi-
tions. Hardly any literature exists on Okwen wood!**
13 studied tropical timbers but did not dwell on mor-
phologicd and thermal characterization of Okwenwood
whichisrelevant when thinkingto usingthefibersas
reinforcing/filler incompositemanufacture.

BrachystegiaNigericaareknown to existin west
Africaand Congo. Thecolour islight brown to medium
dark brown with high luster. The average density of
Okhuen isthe sameasthat of white Oak and mechani-
ca propertiesarevery smilar. BrachystegiaNigericais
aspeciesof legumein the Fabaceaefamily. Itisfound
in Southern part of Nigeriaand the South— West prov-
ince of Cameroun. The Okhuen wood was chosen be-
cause of itsabundance a most of thesaw mill in Nige-
riain recent timesand also asIroko and other promi-
nent treesare diminishing dueto deforestation. Based
on the above-mentioned situation, the study described
inthiswork intends: to fully exploit the potential of
Okhuen wood asreinforcement/filler inthermoplastic

composites production. Hencetheaimsof theresearch
work include the morphology examination,
thermogravimetricanaysis, Fourier transforminfrared
spectrometry (FTIR) and X-ray diffraction(XRD)
anaysisof Okhuen wood sawdust.

MATERIALS/EQUIPMENT

BrachystegiaNigericawood sawdust whoseloca
nameis Okhuenwas collected from loca saw mill in
Benin City Nigeria, and sieved to 0.420mm particle
sizeusingASTM sieve of mesh 40. The sawdust was
dried in an open air and kept in apolythene contain.
Equipment used in thisresearch was Scanning el ectron
microscope (SEM), X-ray diffractometer (XRD), Fou-
rier transforminfrared spectrometry (FTIR) and DTA/
TGA Machine.

METHOD

Chemical analysisof Okhuen sawdust

Thechemica andysisof compounds presentinthe
wood was carryout in the pharmacy dept of Ahmadu
Bello University Zaria, Nigeria using wet analysis
method. Specific density of sawdust at temperature of
32 degree Cis0.272 and density of 0.28g/ml.

Thex-ray diffraction (XRD) analysis

XRD analysisof the Okhuen sawdust wascarried
to determinethe various el ement and phases distribu-
tioninthe sawdust particles. Thetest was carried out
on a Philips X-ray diffractometer. The X-ray
diffractogramswastaken using CuKa radiation at scan
speed of 3% mini,

Microstructural analysis

The scanning electron microscope (SEM) JEOL
JSM-6480LV was used to identify the surface mor-
phology of the Okhuen sawdust particles. The surfaces
of the sawdust were examined directly by scanning
el ectron microscope JEOL JSM-6480LV. The sample
was cleaned thoroughly, air-dried and are coated with
100 A thick platinumin JEOL sputter ion coater and
observed SEM at 20 kV. The sample was sputter-
coated with gold toincrease surface conductivity. The
digitized imageswererecorded.
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TABLE 1: Identified Patter nsList of Okhuen saw dust

. Displacement Scale Chemical
Visible Ref.Code Score Compound Name [°2Th.] Eactor Formula
* O%)'QOJZG' 31 Kestite, syn 0.000 0.663 S 02
. 00-051- Dimethyl-2,6-naphtalene
2049 23 dicarboxylate 0.000 0.089 Cl4H12 04
00-040- .
* 1556 20 P-Toluic acid 0.000 0.036 C8 H8 02

Thermal properties

Thermal decomposition wasobserved interms of
globa masslossby usngaDTA/TGA Ingrument TGA
Q50 thermogravimetric analyzer. This apparatus de-
tectsthemasslosswith aresolution of 0.1 asafunction
of temperature. The Okhuen sawdust particleswere
evenly and loosdly distributed in an open sample pan of
6.4 mmdiameter and 3.2 mm degpwithaninitia sample
amount of 8-10 mg. Dueto different bulk density, the
depth of thesamplelayer filled in the pan wasabout 1-
2 mm. Thetemperature change was controlled from
roomtemperature (25+3°C) to 700°C at a heating rate
10°C/minf®.

Fourier transforminfrared spectrometry (FTIR)
analysis

Fourier transform infrared spectrometry (FTIR)
was carried out on Okhuen sawdust aswell. IR spec-
traof the sawdust were recorded using Perkin Elmer
spectrum 100 FT — IR spectrometer in the frequency
range 4000 —-400cm™, operating inATR (attenuated
total reflectance) mode.

RESULTSAND DISCUSSION

Thechemica composition of Okhuen sawdust is
extremely complex dueto the different compounds
present at various concentrations. WWood mainly com-
posed of cdlulose, hemicdlulose, and lignin, plustannins
and someamount of lipids(oils, fatsand waxes). The
lignin acts as binding agent. The results show that
Okhuen wood contains 44.5% cellul ose, 20.1% Pen-
tosan, 21.2% lignin, 2.4% extraand 4%ash. There-
sults compared favorably with the chemical composi-
tion of somehard wood used asreinforcement in natu-
ral composite materialS*9.

The XRD pattern of the Okhuen wood sawdust
particlesreveal that, the mgjor diffraction peaksare

15.93°, 25.05°, and 40.04° and their inter-planar dis-
tance, 5.56A, 3.55 A, and 2.25A, and their relative
intensity of X-ray scatteringare7.82, 6.86, 88.5,1.31
and phases at these peaksas: SIO, C ,H,, O, and C,
H, O,, this revealed that particle has some of the
composition of hemiceluloses, cdlulose, and ligninthat
has been confirmed by literature(see Figure 1 and
TABLE 1)89,
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Figurel: XRD pattern of Okhuen saw dust

Themicrostructure of the Okhuen wood sawdust
particlereved sthat the size and shape of the particles
vary; however, they can besortedinto threemain groups
— prismatic, spherical and fibrous. The prismatic par-
ticlesconsist mainly of Cand O. Thespherical ones
contain C and O aswel asH, The fibrous ones consist
of only Casaresult of theEDS scanin rectangle (see
Figure 2-3). These structuresare overlapping and are
bonded firmly together, by pectin and other non-cellu-
losic materids. Thisobservationisin par withtheear-
lier findingsof ™91,

Thetemperaturesof destruction (T ) of the Okhuen
wood saw dust, subject to investigation, were deter-
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Figure 2a :
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Figure 2b : SEM
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Figure3: EDSof Okhuen wood saw dust
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mined from DTA curves. DTA datawererecorded on
“Derivatograph OD 1027, at heating rate of 10°C/min
in argon. The results of the DTA/TGA scan of the
Okhuen wood saw dust isshownin Figure4. Fromthe
FguretheTG/DTA curveshowsthreeweight losssteps,
whiletheir composition occursintwo stages.
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Figure4: DTA/TGA Curveof Okhuen saw dust

Theinitial weight loss (~ 9%) observed between
30 and 200°C is attributed to the vapori zation of the
water from the wood, while degradation of thewood
started at higher temperature, precisely after 250°C.
Abovethistemperature, thethermd stability of Okhuen
wood gradually decreased and degradation of thewood
occurred. Temperature between (250°C) to (300°C)
isassociated to the therma depolymerization of hemi-
celluloses, pectin and cleavage of glycosicliclinkages
of cellulose (weight |0ss 16.5%), while correspondsto
the degradation of a- cellulose present in the wood
(weight loss 55.6%). Decomposition of lignin occurs
dowly duetoitscomplex structurewithin thewhole
temperaturerange. Infact theligninis composed of
aromatic ringswith variousbranches¥.

DTA curveshowsthat thetemperature of maximal
decomposition/ destruction was 351°C (seeFigure4).
The presencesof endothermic effectsin Okhuen saw
dust sampleareresultsof two processes— dehydroge-
nation and evaporation of some non-cellulosic materi-
as. Thisconclusion was confirmed by the decreased
mass of the sample. DTA curvealso confirmed these
results. Inaninert atmosphere, thefind productsof the
degradation of celluloseconsist in carbonaceousresi-
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duesand possible un-degraded fillers. Onthe ana ogy
of theseresultsit was assumed that thetotal burning/
degradation of the residual Okhuen wood saw dust
(dehydrogenation) took placeinthistemperatureinter-
val (400-600°C), Inthelast temperatureinterval the
masslosswasminimd. Thislast step (accompanied by
theevolution of CO, only)i**2.,

Theendothermic effectsobserved inthetempera:
turerangeindicate above were probably asaresult of
the double bondsformed in the Okhuenwood saw dust
backbone, crosslinkage of the dehydrogenation wood
macromol ecul esand continuing oxidation of the prod-
uctsfromitsthermal degradation. Finaly, isworthy of
notethat thethermd analysscurvesreved that Okhuen
wood isstableuntil around 350°C. Thisisin agreement
with values of some other wood materia reported in
literature® 8. Thistemperatureishigher themmany agro-
waste currently used as areinforcement for polymer
compositesand board composites.

The chemical structure of the components of
Okhuenwood sawdust wasandyzed using Perkin Elmer
gpectrum 100 FTIR- ATR. Themain absorbance pesks
of interest in this study have been identified and de-
pictedin Figure5. FTIR spectrum of wood absorption
bands of functiona groups characteristic of lignoce lu-
losiccompoundsarecellulose, hemicellulosesand lig-
nin. Such componentsaremainly cons sting of akenes
and aromati cgroupsand variousoxygen containing func-
tiona groups (ester, ketoneand acohol). INTABLE 2,
is shown the peaks, intensity functional groups and
stretches. The highest peak at 3399.53cmr ischarac-

Figure5: ATR-FTIR spectrum of Okwen(Okhuen) sawdust.
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TABLE 2: Infrared Spectrometer Result of Okhuen Sawdust

cm INTENSITY FUNCTIONAL STRETCHES

GROUP
N-H stretch and
O-H stretch for

3399.53 Medium  Amine/hydroxyl amines, amides
and hydroxyl
compound
Medium Alkenes, C-H stretch for
2917.95 strong aromatic hydrocarbon
2850.11 Weak Alkenes C-H dtretch
285011 Medium Aromatics  C-H stretch
weak
Variable i CN stretch
2130.71 medium Nitriles vibration
Estersand C=0 stretch
173540 Strong Lactones Vibration
Medium Amides and C=0 stretch
1622.86 strong Lactones Vibration
. Conjugated _ .
1509.13 Medium Phenyl Ketones C=0 conjugated
146396 Varisble AN ocpong
aromatics
142675 Varisble AN o_cpong
aromatics
Esters, amides
1373.69 Strong and ketones C-O dtretch
1319.62  Strong Carbonyl group  C-O stretch
Cc-O
1265.94  Strong Carbon deformaugn of
esters, amides,
ketone
Carbonyl group deformcémci)on for
1100.00  Strong for esters, amides id
ketones esters, amides,
ketones
C-H
deformation on
1056.05  Strong Alkyl groups bonds of alkyl
groups
896.92  Medium Alkyl groups
C-H
deformation
560.30 Strong Methyl group bond of methyl
groups

teristic of amine/hydroxyl N — H stretch and O — H
stretch. While the absorbance at 560.30cm corre-
spond to methyl group and C— H deformation bond of
methyl group. Thisresultsobtained arein par withthe
result obtained for the SEM, XRD and the el emental
andyss.
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CONCLUSIONS

Sawdust extracted from Okhuen (Brachysgia
Nigerica) wascharacterized by dectronand FTIR. Ther
thermal degradation behavior wasfully investigated
through TGA/DTA curves, morphology by SEM/EDS
and X RD analysis. Thevariousresults obtained are
comparableto those other common wood and Ligno-
cdlulosicfibres, confirm that these Okhuen wood saw
dust show some potentia asreinforcement in polymer
meatrix composites.
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