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a  b  s  t  r  a  c  t

In this  study,  the  effects  of  two  variable  parameters,  namely  the  extractives  and  filler  loading  level,  on
the physical  properties  of composites  were  examined.  Composites  based on  high  density  polyethylene
(HDPE),  bagasse  flour  (BF) as  filler  were  made  by  injection  molding.  In order  to increase  the  interphase
adhesion,  maleic  anhydride  grafted  polyethylene  (MAPE)  was  added  as  a coupling  agent  to  all  the  com-
posites  studied.  Three  different  solvents,  ethanol–benzene,  1% NaOH  and  hot-water,  were  used  to remove
extractives.  Physical  properties,  namely,  water  absorption  (WA)  and  thickness  swelling  (TS)  were  inves-
eywords:
ignocellulosic filler
xtractives
ater uptake

ompatibility

tigated  for  a long  period.  At  same  filler  loading,  composites  made  with  extracted  bagasse  had  higher  WA
and  TS  values.  In addition,  the  TS  of  samples  showed  a similar  pattern  to  the  water  uptake  data.  The
difference  in  WA between  extracted  and unextracted  composites  is  due  to blocking  of  –OH groups  by
extractives.  The  results  also  showed  that  as  the BF  content  was  increased,  significant  increase  in  WA  and
TS occurred.  Statistical  analysis  confirmed  that  the  effects  of  both  variables  and their  interactions  on  the

re  sig
WA and  TS  properties  we

. Introduction

In recent years, lignocellulosic materials are used as filler or
einforcement for wood plastic composites (WPCs) in various appli-
ations such as building and automotive industries (Sheshmani,
shori, & Farhani, 2012). Their biodegradability, renewability, low
ost, UV resistance, and machining properties are some of the
dvantages of these composites compared to plastic. However, one
f the disadvantages of WPCs is its hydrophilic nature compared to
ure polymers. The hydrophilic nature of natural fibers contributed
y the hydroxyl groups cause increased water absorption by WPCs
Shinoj, Panigrahi, & Visvanathan, 2010). The absorption of water,
hrough the formation of hydrogen bonding, takes place in the cell
all of lignocellulosic materials, and it subsequently swells the cell
all. This phenomenon is reflected in changes in the dimensions of

he composites (Kiani, Ashori, & Mozaffari, 2011). The application of
PCs in the automotive, construction, marine, and consumer goods

ecessitates exposure to water or high-moisture environments.
ater absorption may  adversely affect the physical properties of

omposites and also the fiber matrix interactions and may  result
n changes in the bulk properties, such as the dimensional sta-

ility and mechanical and electrical properties (Sheshmani et al.,
012). However, there are treatment technologies to improve
he hydrophobicity of lignocellulosic fibers. Treatments used to

∗ Tel.: +98 21 5522 9200; fax: +98 21 5522 9297.
E-mail address: shabnam sheshmani@yahoo.com

144-8617/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2013.01.067
nificant  at 1%  confidence  level.
© 2013 Elsevier Ltd. All rights reserved.

improve fiber–matrix adhesion include chemical modification of
the lignocellulosic biomass (anhydrides, epoxies, isocyanates, etc.),
grafting of polymers onto the lignocellulosic biomass, and use of
compatibilizers and coupling agents (Ashori, Sheshmani, & Farhani,
2013).

All species of wood and non-wood plant tissues contain small
to moderate quantities of chemical substances in addition to the
macromolecules of cellulose, hemicelluloses, and lignin. To distin-
guish them from the major cell wall components, these additional
materials are known as the extractive (nonstructural) components,
or simply “extractives”. Extractives content in most temperate and
tropical wood species are 4–10% and 20% of the dry weight, respec-
tively. Although extractives contribute merely a few percent to
the entire wood composition, they have significant influence on
its properties, such as mechanical strength or color and the qual-
ity of wood, which can be affected by the amount and type of
these extractives (Sjöström, 1993). Chemically, extractives con-
sist of those components that are soluble in neutral solvents,
either organic solvents, or water (TAPPI, 2002). A wide range
of different substances is included under the extractive head-
ing: flavonoids, lignans, stilbenes, tannins, inorganic salts, fats,
waxes, alkaloids, proteins, simple and complex phenolics, sim-
ple sugars, pectins, mucilages, gums, terpenes, starch, glycosides,
saponins and essential oils (Fig. 1). Extractives occupy certain mor-

phological sites in the wood structure. No single organic solvent
is capable of removing all extractives, however mixtures of sol-
vents have been most commonly used method over the past 50
years. The ethanol–benzene extractable content consists of waxes,

dx.doi.org/10.1016/j.carbpol.2013.01.067
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:shabnam_sheshmani@yahoo.com
dx.doi.org/10.1016/j.carbpol.2013.01.067
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onents of lignocellulosic materials.
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Table 1
Physical and mechanical properties of used HDPE.

Properties Test method Unit Value

MFI  @ 190 ◦C, 2.16 kg ASTM D1238 g/10 min 20
Density ASTM D1505 g/cm3 0.956
Vicat softening point ASTM D1525 ◦C 124
Tensile strength ASTM D638 MPa  22
Tensile modulus ASTM D638 MPa  900
Elongation at break ASTM D638 % 700
Flexural modulus ASTM D790 MPa  1000

02) were determined (Table 2). Four replicates were done for each
experiment.

Table 2
Chemical composition of used bagasse.

Chemical Value (%)

Cellulose 54.5
Hemicelluloses 17.1
Lignin 19.7
Extractives
Fig. 1. Some extractives comp

ats, resins, phytosterols, low-molecular-weight carbohydrates,
alts, and even some water-soluble substances. Hot aqueous alkali
xtracts low-molecular-weight carbohydrates consisting mainly of
emicellulose and degraded cellulose. Hot water also removes a
art of non-lignocellulosic components of wood, such as inorganic
ompounds, tannins, gums, sugars, and coloring matter present in
ood and pulp (Sheshmani et al., 2012).

As mentioned earlier, extractives are hydrophobic substances
ith low molecular weights. In the preparation of WPCs, natural
ber is thoroughly mixed with a thermoplastic at high temper-
tures, e.g. 170 ◦C. At such high temperatures, extractives may
end to migrate to the wood flour surface, thus accumulating in
he wood-plastic interphase (Shebani, van Reenena, & Meincken,
009).

The main objective of this study is to investigate the effects of
he extractives on some physical properties of bagasse/high density
olyethylene (HDPE) composites. In order to gain a full understand-

ng of these effects, hot water (HW), ethanol–benzene (EB) and 1%
lkali solution (AL) extractives, respectively, were removed from
agasse before the preparation of the WPCs. The physical prop-
rties, namely, water uptake and dimensional stability of WPCs
roduced with extracted bagasse were determined and compared
o the properties of composites with unextracted samples. In addi-
ion, the influences of filler loading level and different mixing
ormulations on water resistance and dimensional stability of the
omposites were studied.

. Materials and methods

.1. Materials

Lignocellulosic material: bagasse stalks, a by-product from the
ugar industry, were obtained from Khuzestan Cultivation and
ndustry Co., Iran. The bagasse stalks were depithed and cut to
–3 cm in length by hand. They were then washed, air-dried and
creened through a series of screens to remove dirt. The depithed
agasse stalks were ground with a Thomas-Wiley miller to fine
owder of 40-mesh size, and then oven-dried and stored in sealed

lastic bags before processing.

Polymer matrix: virgin high density polyethylene (HDPE), with
rade name of HD5620EA, an injection molding grade was sup-
lied by Arak Petrochemical Co. (Iran), in the form of pellets. Some
Hardness shore D ASTM D2240 – 66
Notched impact strength ASTM D256 kJ/m2 4

important physical and mechanical properties of the used polymer
are presented in Table 1.

Coupling agent: maleic anhydride grafted polyethylene (MAPE),
in the form of powder (grade PPG-101) with a density of 0.92 g/cm3

and a melting flow index of 5 g/10 min, was obtained from Kimia
Javid Sepahan Co., Iran.

2.2. Extractives determination

The extractives of the samples were determined gravimetrically
following the appropriate TAPPI Test Methods (2002).  The screened
samples were extracted with BE (T 204 cm-97), hot 1% AL solubil-
ity (T 212 om-98) and HW solubility (T 207 cm-99), individually.
In addition, cellulose (T 203 cm-99) and Klason lignin (T 222 om-
Hot-water 9.0
1% NaOH 7.6
Ethanol–benzene 13.1

Ash 1.5
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Table 3
Formulations of the used experimental composites.

Codes EX wt.% UN wt.% MAPE wt.% HDPE wt.%

A1 10 – 3 90
A2 20 – 3 80
A3 30 – 3 70
A4  40 – 3 60
A5  50 – 3 55
A6  60 – 3 50
B1  – 10 3 90
B2 – 20 3 80
B3 – 30 3 70
B4 –  40 3 60
B5  – 40 3 55
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X: extracted bagasse; UN: unextracted bagasse.

.3. Preparation of composites

Formulations of the treatments used for the respective mixes
repared are given in Table 3. Composites were produced in a two-
tage process. In the first stage, HDPE and MAPE were mixed with
xtracted (EX) and un-extracted (UN) bagasse powder (depending
n formulations) using a co-rotating twin-screw extruder. The bar-
el had five heated zones, which were set at 165, 170, 175, 180
nd 185 ◦C, respectively. Screw speed was 60 rpm and the pressure
t the die was 1500 MPa. The product was recovered by guiding
he molten extrudate into a cold water stranding bath. The cooled
trands were pelletized using a pilot scale grinder (Collin model),
ried and stored in sealed plastic bags. In the second stage, test
pecimens were injection molded at 190 ◦C to produce standard
STM specimens. Molding conditions were: press temperature
90 ◦C and pressure during heating 4 MPa. Size replications were
repared for each treatment.

.4. Physical testing

Physical properties in terms of thickness swelling (TS) and
ater absorption (WA) were tested in accordance with ASTM D570.
efore testing, the weight, and dimensions of each specimen were
easured. Conditioned samples of each composite type were either

oaked in distilled water at 23 ± 1 ◦C for 80 days. Samples were
emoved at certain periods of time, wiped with tissue paper to
emove the excess water on the surface and immediately measured
gain. Each value obtained represented the average of 6 samples.

.5. Statistical analysis

The experimental design consisted of two variable factors
namely extractives and filler content) and their interaction. Data
or each treatment was statistically studied by analysis of vari-
nce (ANOVA). When the ANOVA indicated a significant difference
mong factors and levels, a comparison of the means was done
mploying Duncan’s multiple range test (DMRT) to identify the
roups that were significantly different from others at 99% con-
dence levels.

. Results and discussion

.1. Water uptake

One of the important properties to be evaluated for WPCs is WA,
ince it can limit their use. The high WA of the composites may

e an indicative of difficulties during processing, such as incom-
lete curing of the thermoset matrix, or of the presence of voids
r cracks or even poor matrix/fiber adhesion (Hamzeh, Ashori, &
irzaei, 2011). Fig. 2 shows the percentages of the water uptake
Fig. 2. Long-term water absorption of the (a) extracted and (b) un-extracted bagasse
filled composites.

for the composites at different periods of immersion, which vary
depending upon the filler type and filler loading level. The WA of
the pure HDPE, however, was  very low (<1%) due to its hydrophobic
nature. In general, polymers do slightly absorb moisture, indicating
that moisture is absorbed by the cellulosic material in the compos-
ite. It was clearly observed that there is a sharp increase in WA
when the FB content in the mix  is more than 30% by weight. There
are at least three possible reasons for this phenomenon. One is that
the lower bonding strength between the FB and matrix led to a ten-
dency for more springback of water immersion. Another possible
reason is that like other woody materials, the FB has high hemicel-
luloses content (17.1%) resulting in a high WA  rate. This then affects
the WA could be considered an important reason for the reduced
dimensional stability of boards. The third possible reason could be
attributed to low bulk density of FB which causes more void space
in the board (Xu, Wu,  Lei, Yao, & Zhang, 2008).

It is also clear from Fig. 2 that water uptake of all composites
increased with increase of immersion time, reaching a certain value
at saturation point where no more water was  absorbed and the
composites water content remained constant. According to Das
et al. (2000), initially, water saturates the cell wall (via porous
tubular and lumens) of the fibers, and next water occupies void
spaces.

The hygroscopic properties of wood can be affected by the
extractives. Nzokou and Kamdem (2004) believe that extracted
wood generally absorbs more water and swells more than unex-
tracted wood, which is due to the increased availability of moisture
sites previously occupied by extractives and increased diffusion
coefficient. Wood contains numerous free hydroxyl groups present
in the cellulosic cell wall materials, which are responsible for inter-
action with water molecules by hydrogen bonding. The absorption
of water by different fiber-based composites is largely depend-
ent on the availability of free hydroxyl groups on the surface of
the wood flour. On unextracted samples, some of these hydroxyl
groups are blocked, as a result of which the absorption of water
gets restricted (Kim, Harper, & Taylor, 2009). Fig. 2b clearly shows

that the WA of unextracted composites is less than extractive-free
samples. As mentioned earlier, extractives may  have acted simi-
lar to wax, which is normally used to control WA.  It could result
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ig. 3. Long-term thickness swelling of the (a) extracted and (b) un-extracted
agasse filled composites.

n a significant decrease in the degree of moisture absorption of
he composite. Since the lumens of bagasse flour were filled with
xtractives, the penetration of water by the capillary action into the
eeper parts of composite was prevented. This may  suggest that the
A has occurred in the surface layer.

.2. Thickness swelling

Fig. 3 shows the values of the TS for the composites, which vary
epending upon the filler types and filler loading levels. Results

ndicate that as the amount of BF increases, the TS of the samples
ncreases significantly. Average TS of the samples ranged from 4.6
o 12.2% and 3.2 to 8.6% for extracted and unextracted samples,
espectively. In general, the TS of the WPC  samples showed a similar
attern to the water uptake data. It is obvious that extractive-free
amples cause considerable higher values of TS, compared to the
nextracted composites. At the end of the test, the maximum TS
f extracted wood WPC  samples were greater than that of samples
ade with unextracted bagasse. In addition, there is significant dif-

erence in TS between the two (extracted and unextracted) filler
ypes, and filler contents, as can be seen from Fig. 3a and b. Kim
t al. (2009) reported that the TS of WPCs made with extracted
ood is also higher than unextracted wood.

The hygroscopic properties of wood can be affected by extrac-
ives (Nzokou & Kamdem, 2004). Extracted BF generally sorbs more
ater and swells more than unextracted BF from increased avail-

bility of moisture sites previously occupied by extractives and

ncreased diffusion coefficient (Kim, Harper, & Taylor, 2008). The
ncreased water sorption and TS characteristics of extracted WPCs
s well as BF in this study are consistent with previous results
ith wood (Kim et al., 2009; Steckel, Clemons, & Thoemen, 2007).
ymers 94 (2013) 416– 419 419

In addition, the swelling of the wood component in WPCs affects
the composite’s microstructure by expanding cracks, debonding
wood–plastic interfaces, and thereby providing more pathways for
water penetration (Steckel et al., 2007). The low moisture sorp-
tion and TS characteristics of WPCs made with unextracted bagasse
are likely the result of the low water sorption and low volumetric
swelling of the wood component.

4. Conclusions

The main conclusions drawn from this study are as follows:

- The majority of water absorption occurred during the first 5 days.
After that, the percentage of changes is negligible.

- The WPCs with extracted wood flour absorbed water more than
those made with unextracted wood. The difference in water
uptake between extracted and unextracted composites is due to
blocking of the free hydroxyl groups by extractives.

- The rate of water uptake correlated with percentage weight of
BF, higher filler loadings in composites exhibited higher rate of
absorption.

- Both WA and TS properties of specimens increased with an
increase in the BF content and the maximum values were
obtained at 60% by weight. It is due to the hydrogen bonding of
the water molecules to the free hydroxyl groups present in the
cellulosic cell wall materials and the diffusion of water molecules
into the filler/matrix interface.

References

Ashori, A., Sheshmani, S., & Farhani, F. (2013). Preparation and characterization of
bagasse/high density polyethylene composite using multi-walled carbon nano-
tubes. Carbohydrate Polymers, 92(1), 865–871.

Das, S., Saha, A. K., Choudhury, P. K., Basak, R. K., Mitra, B. C., Todd, T., et al. (2000).
Effect of steam pretreatment of jute fiber on dimensional stability of jute com-
posite. Journal of Applied Polymer Science, 76(11), 1652–1661.

Hamzeh, Y., Ashori, A., & Mirzaei, B. (2011). Effects of waste paper sludge on the
physico-mechanical properties of high density polyethylene/wood flour com-
posites. Journal of Polymers and the Environment, 19(1), 120–124.

Kiani, H., Ashori, A., & Mozaffari, S. A. (2011). Water resistance and thermal stability
of  hybrid lignocellulosic filler-PVC composites. Polymer Bulletin, 66(6), 797–802.

Kim, J.-W., Harper, D. P., & Taylor, A. M.  (2008). Effect of wood species on water
sorption and durability of wood–plastic composites. Wood and Fiber Science,
40(4),  519–531.

Kim, J.-W., Harper, D. P., & Taylor, A. M.  (2009). Effect of extractives on water sorp-
tion and durability of wood–plastic composites. Wood and Fiber Science, 41(3),
279–290.

Nzokou, P., & Kamdem, D. P. (2004). Influence of wood extractives on moisture sorp-
tion and wettability of red oak (Quercus rubra), black cherry (Prunus serotina) and
red  pine (Pinus resinosa). Wood and Fiber Science, 36(4), 483–492.

Shebani, A. N., van Reenena, A. J., & Meincken, M. (2009). The effect of wood
extractives on the thermal stability of different wood-LLDPE composites. Ther-
mochimica Acta, 481(1–2), 52–56.

Sheshmani, S., Ashori, A., & Farhani, F. (2012). Effects of extractives on the perfor-
mance properties of wood flour-polypropylene composites. Journal of Applied
Polymer Science, 123(3), 1563–1567.

Shinoj, S., Panigrahi, S., & Visvanathan, R. (2010). Water absorption pattern and
dimensional stability of oil palm fiber–linear low density polyethylene com-
posites. Journal of Applied Polymer Science, 117, 1064–1075.

Sjöström, E. (1993). Wood chemistry: Fundamentals and applications (2nd ed.). San
Diego, USA: Academic Press.

Steckel, V., Clemons, C. M.,  & Thoemen, H. (2007). Effects of material parameters on
the diffusion and sorption properties of wood-flour/polypropylene composites.

Journal of Applied Polymer Science, 103(2), 752–763.

TAPPI Test Methods. (2002). Atlanta, GA: TAPPI Press.
Xu, Y., Wu,  Q., Lei, Y., Yao, F., & Zhang, Q. (2008). Natural fiber reinforced poly(vinyl

chloride) composites: Effect of fiber type and impact modifier. Journal of Polymer
and the Environment, 16(4), 250–257.


	Effects of extractives on some properties of bagasse/high density polypropylene composite
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Extractives determination
	2.3 Preparation of composites
	2.4 Physical testing
	2.5 Statistical analysis

	3 Results and discussion
	3.1 Water uptake
	3.2 Thickness swelling

	4 Conclusions
	References


