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Abstract. This paper deals with plastic-wood composites based on low density polyethylene (LDPE) and olive husk flour
(OHF). The problem of incompatibility between the hydrophilic wood filler and the LDPE hydrophobic matrix was treated
by two methods: a chemical modification of the olive husk flour with maleic anhydride to esterify the free hydroxyl groups
of the wood components and the use of a compatibilizer agent, i. e. an ethylene-butyl acrylate-glycidyl methacrylate
(EBAGMA) terpolymer. The changes in the structure, the morphology, and the properties resulting from these treatments
were followed by various techniques, especially FTIR spectroscopy, scanning electron microscopy (SEM), tensile meas-
urements and water absorption. The experimental results indicated that both methods, i.e. the chemical treatment of the
olive husk flour with maleic anhydride and the inclusion of EBAGMA terpolymer, improved the interactions between the
two composite components and promoted better dispersion of the filler in the matrix. Moreover, ultimate tensile properties
were also increased. However, the use of EBAGMA terpolymer as compatibilizer produced better enhancement of the
properties of LDPE/OHF composites compared to those treated with maleic anhydride.
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1. Introduction ethylene (PE), polypropylene (PP), poly(vinyl
chloride) (PVC), and polystyrene (PS) are the poly-
mer matrices mostly used in the manufacture of
plastic/wood filler composites [5]. Among these
thermoplastics, PE represents the largest portion of
the plastic/wood composites. Olive husk, one of
several lignocellulosic materials, is an agricultural
industrial residue produced as by-products during
the olive milling process in olive-producing coun-
tries such as Algeria. Despite the advantages, use of
wood flour has been restricted due to its inherent
high moisture absorption capacity, thermal instabil-
ity during processing, poor wettability, and poor
adhesion towards polyolefins [6, 7]. This weak
adhesion results from the incompatibility between
the hydrophilic wood filler and the hydrophobic

Interest in the development of new composite
materials derived from wood filler and thermoplas-
tic polymer matrices has grown markedly in the last
years because there are environmental and econom-
ical advantages to producing wood flour thermo-
plastic composites [1, 2]. Indeed, the composites so
produced show some priorities over conventional
composites such as lower density, biodegradability,
lower abrasion, multifunctionality, lower cost and
accessibility as renewable raw materials [3, 4].
These composites are being used in a large number
of applications, including docks, window frames,
and molded panel components for automotive inte-
riors [5]. Commodity thermoplastics such as poly-
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polymer and the difficult dispersion of wood flour
in the matrix because of the intermolecular hydro-
gen bonding of the wood flour [8, 9]. According to
the literature, many attempts have been made in
modifying the interfacial characteristics between
the wood filler and the matrix phases [10-14]. Var-
ious surface modification techniques, like merceri-
sation, cyanoethylation, acetylation, coupling agent
treatment, gamma ray irradiation, etc. have been
reported to improve the affinity between wood
flour and plastics by facilitating the flour dispersion
into the polymer matrix and inducing the bond for-
mation between the filler and the matrix [15, 16].
The objective of this work was to investigate the
modification of interfacial adhesion forces between
olive husk flour and LDPE matrix in order to
increase their compatibility by two different meth-
ods. The first method was based on the chemical
treatment of OHF through esterification by reacting
the hydroxyl groups of the cellulose material with
maleic anhydride, whereas the second one con-
sisted of using a coupling agent based on a terpoly-
mer of an ethylene-butyl acrylate-glycidyl
methacrylate (EBAGMA) to improve the interfa-
cial bonding between the OHF and the LDPE
matrix. The various composite materials obtained
were studied by different analytical techniques as:
FTIR spectroscopy, tensile properties and water
absorption capacity.

2. Experimental part

2.1. Materials

The LDPE used was provided as pellets by SABIC
Company from Saudi Arabia and was commercial-
ized under the grade name of Stamylan LD
2100NT/00. The main physical characteristics of
the material are a density of 0.935 g/cm3 and a melt
flow index (MFI)=0.6 g/10 min according to
ASTM D 1238/79.

The olive husk of a granular form was obtained
from the olive treatment plant in the region of
Bejaia in Kabylia (Algeria). Prior to any chemical
modification and mixing with the LDPE, the olive
husk was firstly air-dried for two weeks and ground
into very fine particles. The size fraction selected
after sifting the olive husk has a maximum average
diameter of 40 um. This is more suitable for a
homogeneous dispersion in the thermoplastic
matrix. The major constituents of the olive husk

H
2 OBu

Figure 1. The chemical structure of EBAGMA terpolymer

flour were determined on the basis of absolutely
dry substances using chemical procedures [17], i. e.
cellulose = 39+0.5 %wt, lignin = 20.52+0.4 %wt,
organic content = 8.5+0.8 %wt and mineral filler =
3+0.2 %wt. The cellulose is the main constituent of
the olive husk and it contains numerous hydroxyl
groups that are strongly hydrophilic providing
hydrogen bonds [18]. The moisture content of the
filler was = 7+0.3 %wt. The compatibilizer used
was the terpolymer of ethylene n-butyl acrylate
glycidyl methacrylate (EBAGMA) kindly supplied
by DuPont (Belgium) under the trade name Elvaloy
PTW. It is derived from 66.75 %wt of ethylene,
28 %wt of n-butyl acrylate, and 5.25 %wt of gly-
cidyl methacrylate. The chemical structure of the
EBAGMA terpolymer is shown in Figure 1. The
main characteristics as provided by the manufac-
turer, are a melt flow index = 12 g-10 min-! as
measured by ASTM method D1238, a melting
point = 72°C, T, =-55°C, tensile strength at
break = 5.17 MPa, and elongation at break = 950%.
The amount of the EBAGMA terpolymer added to
the composites was fixed to 10 g on the basis of
100 g of the whole mixture of LDPE and OHF.
Other chemicals used in this study were maleic
anhydride and sodium hypophosphite hydrate and
xylene, all purchased from LABOSI (France).
Sodium hypophosphite hydrate was used as an
esterification catalyst in xylene.

2.2. Treatment of cellulosic materials with
maleic anhydride

The modification of OHF was conducted in a reac-
tor in the presence of a solvent. The experimental
procedure used for modifying OHF was as follows
[3]: 250 ml of xylene was placed in a 500 ml reac-
tor, and stirred to 140°C. After reaching this tem-
perature, 70 g of maleic anhydride, 3 g of OHF and
1 g of catalyst were placed in the reactor. The reac-
tion was carried out for two hours at 140°C. After

468



Kaci et al. — eXPRESS Polymer Letters Vol.1, No.7 (2007) 467473

the reaction, the mixture was filtered to isolate the
reacted OHF. The treated filler was soxhlet
extracted with xylene for 24 h to remove the unre-
acted anhydride, and then oven-dried at 70°C for
24 h. The chemical structure of the treated OHF
was analyzed by FTIR spectroscopy.

2.3. Preparation of composite samples

Prior to mixing, the OHF was dried for 4 hours at
100°C. Four formulations based on mixing LDPE
with the wood filler before and after chemical treat-
ment and also in the presence of the EBAGMA
compatibilizer according to Table 1 were prepared
in a Brabender Plasticorder, at 160°C and 30 rpm.
Initially, LDPE was added and melted in the mixer,
and then OHF and EBAGMA were introduced. The
composites made out of polymer/OHF were com-
pression moulded at 140°C to produce sheets of
almost 3 mm thickness.

Table 1. Formulation codes of LDPE/OHF composites

used
Formulation | LppE | Untreated| Treated oo oy
OHF OHF .
codes [Yowt] [%owt] [%owt] [phr]

LDPE 100 - - -
LDPE/UOHF 30 20 - -
LDPE/TOHF 80 - 20 -
LDPE/UOHF/

EBAGMA 80 20 - 10

“Part per hundered of the mixture LDPE/OHF

2.4. Techniques

2.4.1. Fourier transform infrared
spectroscopy (FTIR)

FTIR spectra of the different composite samples
were recorded using Shimadzu FTIR 8300 spec-
trometer using 40 cumulative scans with a resolu-
tion of 2 cm-! within the range 600 to 3800 cm-!.
The samples were analyzed using the KBr pellet
method.

2.4.2. Scanning electron microscopy (SEM)

SEM was performed to investigate the morphology
of the composites with a PHILIPS XL 20 instru-
ment. The specimens were frozen under liquid
nitrogen, then immediately fractured and coated
with gold/palladium mixture prior to examination.

2.4.3. Tensile test

The different composite samples LDPE/treated and
untreated OHF were subjected to tensile tests
according to ASTM D 638, using Adamel Lhomargy
testing machine at 50 mm/min crosshead speed pre-
venting the viscoelastic effect. Five measurements
were conducted for each sample, and the results
were averaged to obtain a mean value.

2.4.4. Water absorption (WA)

The water absorption was determined by measuring
difference from the weight at the initial time of the
test and the constant final weight of the sample
according to the following procedure: the specimen
dimensions for water absorption experiments were
10x10x3 mm.

A minimum of three samples were tested for each
material. Samples were first dried overnight at
70°C. They were subsequently cooled in a desicca-
tor at ambient temperature and weighted using a
four-digital balance. Then, the samples were
immersed in distilled water, pH =6 and 25°C.
After 24 hours, the samples were removed and
blotted to eliminate the excess water on the surface.
After weighting, the water absorption (WA) of the
samples was calculated as Equation (1) [16]:

WA [%]:%- 100 )
1

where M1 and M, are the weights of the sample
[mg] before and after immersion in distilled water,
respectively.

3. Results and discussion

3.1. FTIR analysis of the olive husk flour
(OHF) before and after treatment with
maleic anhydride

Figure 2 shows the FTIR spectra recorded in the
range 3600-1600 cm~! of the OHF before and after
chemical treatment with maleic anhydride which
are referred to spectra (a) and (b), respectively. It is
observed in spectrum (a) the presence of an absorp-
tion band localized at 1740 cm~! which may be
associated with carbonyl stretching of acetyl
groups, aldehyde, carboxyl groups and esters con-
tained in hemicelluloses, lignin and extractives.
The spectrum (a) exhibits also two weak shoulders
near the region 1640-1685 cm~! which can be
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Figure 2. FTIR spectra of OHF: a) — before treatment and
b) — after treatment with maleic anhydride

attributed to stretching vibrations of the o-keto-car-
bonyl groups. Moreover, a large absorption band is
observed at 3400 cm~! corresponding to hydroxyl
groups. After treatment as shown in spectrum (b),
the absorption bands at 1740 and 1645 cm-! both
exhibit a significant growth in intensity. On the
other hand, a slight decrease in the absorption band
intensity of the hydroxyl groups is observed.
According to the literature, these structural changes
in the OHF after treatment suggest that the esterifi-
cation reaction between hydroxyl groups of the
OHF and anhydride groups of maleic anhydride
may have occurred.

3.2. SEM analysis of LDPE/OHF composites

Figures 3—-6 show the scanning electron micro-
graphs of fractured samples of the neat LDPE,
LDPE/UOHF and LDPE/OHF composites while
using the treated filler or incorporating the terpoly-
mer of EBAGMA as a compatibilizer, respectively.
In Figure 3, the SEM micrograph of the neat LDPE
reveals that no cracks are visible on the surface. In
the case of untreated composite samples, illustrated
in Figure 4, the micrograph shows that the addition
of OHF to LDPE matrix results in a gross phase
segregation morphology. OHF aggregates are
formed on the surface and well defined holes

Figure 3. SEM micrographs of the neat LDPE. 500x

I

Figure 4. SEM micrographs of LDPE/untreated OHF
composites. 500x

Figure 5. SEM micrographs of LDPE/treated OHF com-
posites. S00x

around the OHF particles can be seen. This is
mainly due to weak interfacial interactions between
the cellulosic filler and the LDPE matrix. These
defects are responsible for failure and could affect
the functional properties of LDPE/OHF compos-
ites. On the contrary, with the chemical treatment
of OHF with maleic anhydride, the SEM micro-
graph in Figure 5 exhibits clearly a finer OHF dis-
persion. This is probably a result of chemical
interactions between hydroxyl groups of OHF and
maleic anhydride reducing the strong filler interac-
tions resulting from hydrogen bonding. The addi-
tion of EBAGMA to LDPE/OHF composites
improves also the dispersion of the wood filler par-
ticles in the LDPE as illustrated in Figure 6. Indeed,

- =T

Figure 6. SEM micrographs of LDPE/untreated
OHF/EBAGMA. 500x
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a decrease is observed in the size of the aggregates.
This result may be attributed to the efficient activ-
ity of glycidyl methacrylate functionality of the
EBAGMA terpolymer which contains both acrylic
and epoxy groups to provide flexibility and adhe-
sive strength [18].

3.3. Mechanical properties

Figure 7 shows the changes in the percent elonga-
tion at break for all the composite samples com-
pared to the neat LDPE. It is evident that the
addition of 20% by weight of untreated OHF to
LDPE matrix leads to a sharp decrease in elonga-
tion at break from almost 326% for the neat poly-
mer to approximately 27% for the untreated
composites. As reported in literature [3], the poor
dispersion of the wood filler and the reduced inter-
facial adhesion to the matrix may explain this
decrease since the effective transfer of stress from
the matrix to the filler requires an adequate interfa-
cial adhesion. This result is in agreement with the
data obtained by SEM. The chemical treatment of
the filler with maleic anhydride produces a slight
increase in the percent elongation at break passing
from 27% for the untreated composites to 31% for
the treated ones. The composites prepared using
EBAGMA exhibit relatively higher value of elon-
gation at break (almost 36%) when compared to the
maleic anhydride treated composites. In general, it
is noted that the elongation at break values of the
treated composites are slightly increased to those of
untreated samples. This behaviour of elongation at
break when the composites contain EBAGMA
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Figure 7. Percent elongation at break for LDPE/OHF
composites before and after treatment compared
to the neat LDPE. UOHF: untreated composites;
AM: composites treated with anhydride maleic;
EBAGMA: composites compatibilized with
EBAGMA
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Figure 8. Stress at yield for LDPE/OHF composites
before and after treatment compared to the neat
LDPE. UOHF: untreated composites; AM: com-
posites treated with anhydride maleic;
EBAGMA: composites compatibilized with
EBAGMA

compatibilizer is interpreted as a consequence of
the acidic nature of the functionalized compatibi-
lizer rather than to the polymer-filler interaction,
because the former one accelerates degradation of
cellulose fillers at the processing temperature, and
subsequently leads to a brittleness of the filler parti-
cles. Figure 8 shows the values of the stress at yield
of the neat LDPE and LDPE/OHF before and after
treatment. The yield stress of the neat LDPE is
about 9.6 MPa. With the addition of 20% of
untreated OHF to the LDPE matrix, the yield stress
of the composite decreases to almost 7.4 MPa. This
behaviour is generally observed in non-compatible
polymer composites and it can be attributed to for-
mation aggregates by the filler particles. Subse-
quently, direct physical bonds between filler
particles are weak and are thus easily broken during
tensile testing [19]. The improved dispersion of the
filler particles in the polymer matrix after treatment
of OHF with maleic anhydride or addition of
EBAGMA, is responsible for the increase in the
yield stress. As a result, the yield stress increases to
approximately 8 and 9 MPa for LDPE/treated OHF
and LDPE/UOHF/EBAGMA composites, respec-
tively. Moreover, the general improvement in the
tensile properties of the treated composites is
related to an increase in compatibility between
LDPE and OHF.

Figure 9 shows the effect that the chemical treat-
ment of OHF with maleic anhydride and the
EBAGMA compatibilizer have on the Young’s
modulus of LDPE/OHF composites. As expected,
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Figure 9. Young’s modulus for LDPE/OHF composites
before and after treatment compared to the neat
LDPE. UOHF: untreated composites; AM: com-
posites treated with anhydride maleic;
EBAGMA: composites compatibilized with
EBAGMA

the addition of OHF to the polymer matrix pro-
duces a significant increase in the Young’s modu-
lus passing from almost 89 MPa for the neat LDPE
to 260 MPa for the untreated composites due to the
rigid character of the filler particles. After chemical
treatment of OHF with anhydride maleic, there is a
considerable decrease in the Young’s modulus
value of the composites to almost 190 MPa sug-
gesting better interfacial cohesion. This decrease is
more accentuated when the EBAGMA terpolymer
is added to the composites reaching the value of
147 MPa. This behaviour could be explained by the
resultant effect of both the acrylic functionality of
the glycidyl methacrylate and the butyl acrylate
group of the compatibilizer which provide better
flexibility [9].

3.4. Water absorption

Water absorption is mainly due to hydrogen bond-
ing of water molecules to the hydroxyl groups on
the cell walls of the wood [20]. In this respect, Fig-
ure 10 shows the values of water absorption of the
different LDPE/OHF composites compared to the
neat polymer after 24 h. The highest water absorp-
tion is observed for the untreated LDPE/OHF com-
posites (~0.36%), whereas the value for pure LDPE
is negligible. Both the filler treatment and the
EBAGMA compatibilizer lower the water absorp-
tion of the composite samples to 0.23 and 0.19%,
respectively. This result could be attributed to
lower amount of free OH in cellulose, because
some of them could be interacting with the anhy-
dride groups of anhydride maleic or glycidyl

04
0.360+0.002

— 031
el
c
S 0.230+0.001
<3
S 024 0.190+0.003
0
(]
g
2

0.1

0.028+0.000
00 e
LDPE UOHF AM EBAGMA

Figure 10. Water absorption for LDPE/OHF composites
before and after treatment compared to the neat
LDPE. UOHF: untreated composites; AM:
composites treated with anhydride maleic;
EBAGMA: composites compatibilized with
EBAGMA

methacrylate of EBAGMA through esterification
reaction confirming the FTIR data. The hydropho-
bic character is however more pronounced for the
compatibilized composites.

4. Conclusions

The results show that the chemical treatment made
on the OHF with anhydride maleic as well as the
use of the EBAGMA terpolymer as a compatibi-
lizer improve the dispersion of the filler particles in
the LDPE matrix and produce lower water absorp-
tion compared with untreated LDPE/OHF compos-
ites. The treated composites show also a slight
improvement in elongation at break and yield stress
and a large decrease in tensile modulus, suggesting
an increase in ductility. The improved filler disper-
sion and the slight increment in tensile properties
induced by filler treatment or EBAGMA addition
to the composites indicate an increase in compati-
bility between OHF and LDPE. However, the use
of EBAGMA terpolymer in LDPE/OHF compos-
ites produces finer morphology, better enhance-
ment of mechanical properties and lower water
absorption when compared to the filler treatment
method.
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