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bstract

The main objective of this research was to investigate the effect on thermal properties of the addition of two different compatibilizing agents,
aleic anhydride (MA)-grafted polypropylene (MAPP) and MA-grafted polyethylene (MAPE), to bio-flour-filled, Polypropylene (PP) and low-

ensity polyethylene (LDPE) composites. The effect of two different types of MAPE polymer, MA-grafted high-density polyethylene (HDPE-MA)
nd MA-grafted linear LDPE (LLDPE-MA), was also examined. With increasing MAPP and MAPE content, the thermal stability, storage modulus
E′), tan δmax peak temperature (glass transition temperature: Tg) and loss modulus (E′′

max) peak temperature (β relaxation) were slightly increased.
he thermal stability, E′ and E′′ of MAPE-treated composites were not significantly affected by the two different MAPE polymers. The melting

emperature (Tm) of the composites was not significantly changed but the crystallinity (Xc) of MAPP- and MAPE-treated composites was slightly
ncreased with increasing MAPP and MAPE content. This enhancement of thermal stability and properties could be attributed to an improvement

n the interfacial adhesion and compatibility between the rice husk flour (RHF) and matrix due to the treatment of compatibilizing agent. Attenuated
otal reflectance (FTIR-ATR) analysis confirmed this result by demonstrating the changed chemical structures of the composites following MAPP
nd MAPE addition.

2006 Elsevier B.V. All rights reserved.
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. Introduction

During the last decade, eco-friendly, biodegradable bio-flours
nd -fibers have been used as reinforcing fillers in the commer-
ial plastic industry to produce composite materials [1–5]. These
io-fillers exhibit a number of attractive advantages, including
ow cost, low density, low processing requirements, less abrasion
uring processing, renewability, eco-friendliness and biodegrad-
bility [2–4]. However, the main problems of using bio-fillers as
reinforcing filler in the composite system are the low degree of
ispersion and poor interfacial adhesion between the hydrophilic
io-filler and the hydrophobic matrix polymer [2,5,6]. This is

emonstrated by the difficulty that the polar hydroxyl groups
n the surface of the bio-filler have in forming a well bonded
nterface with a non-polar matrix polymer. This deficiency in
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ompatibility can lead to a loss in the mechanical and ther-
al properties of the composites [2,3]. To enhance interfacial

dhesion between the bio-filler and matrix polymer, various
tudies have been conducted by three different treatment meth-
ds: surface modification of bio-fillers (chemical treatment), the
se of maleic anhydride (MA)-grafted polypropylene (MAPP)
7] and MA-grafted polyethylene (MAPE) [8] as compatibiliz-
ng agents and plasma irradiation [9] on bio-fillers (physical
re-treatment). In order to improve the interfacial adhesion of
omposites, MAPP and MAPE have been widely used as com-
atibilizing agents through the process of dry blending with the
io-filler and matrix polymer [1,2,7–9].

Thermal analysis (TA) is an analytical experimental tech-
ique which measures the thermal properties and interfacial
haracteristics of a composite material as a function of tem-

erature using a thermal analyzer [3,8,10–12]. To compare
he thermal stability of the compatibilizing agent-treated and
on-treated composites, the following interfacial characteristics
ere determined by TA: storage modulus (E′), glass transi-
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Table 1
Chemical constituents of RHF

Others (%) Holocellulose (%) Lignin (%) Ash (%) Total (%)

Rice husk floura 5.0 60.8 21.6 12.6 100
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ice husk flour 6.3 59.9

a Rice husk, Ref. [16].
b Specification. From Saron Filler Co.

ion temperature (Tg) and crystallinity (Xc) [10–12]. The higher
hermal stability and loss modulus (E′′) values of compatibi-
izing agent-treated composites are due to enhanced interfacial
dhesion between matrix polymer and bio-filler, as reported by
everal authors [8,13,14]. Thermogravimetric analysis (TGA)
an measure the moisture content, thermal cleavage, ther-
al degradation temperature and thermal stability of compos-

te materials [3,8]. Differential scanning calorimetry (DSC)
an be used to measure melting temperature (Tm), Tg and
rystallization temperature (Tc) of composite materials [7].
ynamic mechanical thermal analysis (DMTA) has become
idely used as a technique for investigating the viscoelastic
ehavior of composite materials for determining their dynamic
odulus such as E′ and E′′ as a function of temperature

8,12,13].
Polypropylene (PP) and low-density polyethylene (LDPE)

re the most important commercial plastics currently used as
he matrix polymer in composites due to their relatively supe-
ior properties such as high Tm, excellent mechanical/thermal
roperties, and low density [1,5]. Rice husk flour (RHF) is a
urplus byproduct of the rice production process, and is totally
iodegradable in the natural environment [2,3]. It therefore
hows promise as a bio-filler in composites to replace various
aterials such as construction materials, furniture and many

lastic products in a variety of future industrial applications
6,10].

The purpose of the current research was to investigate the
ffect of MAPP and MAPE treatment on the thermal prop-
rties and interfacial adhesion in the composites. MAPP and
APE were incorporated over a content range from 0 to 5 wt.%

nd two different MAPE polymers were used: HDPE-MA and
LDPE-MA. HDPE-MA and LDPE-MA are commercially used

n industries requiring enhanced adhesion. Analyses were per-
ormed using TGA, DMTA and DSC. We also compared thermal
tability and degradation temperature, viscoelastic behavior, Tm,
g and Xc of the compatibilizing agent-treated (MAPP and
APE) and non-treated composites. In addition, FTIR-ATR

pectra analysis was used to investigate the interfacial bond-
ng and chemical reaction between RHF and matrix polymer in
he composites.

. Experimental

.1. Materials
PP and LDPE, used as the matrix polymer, were supplied
s homopolymer pellets by GS Caltex Corp., South Korea. PP
nd LDPE had a density of 0.91 and 0.92 g/cm3 and a melt

p
w
S
t

20.6 13.2 100

ow index of 12 and 24 g/10 min, respectively (230 ◦C/2160 g).
he bio-flour used as the reinforcing filler was RHF with a mean
article diameter of 300 �m, obtained from Saron Filler Co. The
hemical constituents of RHF are listed in Table 1. MAPP was
btained from Eastman Chemical Products Inc., in the form of
polene G-3003, which has an acid number of 8 and a molecular
eight of 52,300. HDPE-MA and LLDPE-MA were obtained

rom Crompton Chemical Inc., in the form of Polybond-3009
nd Polybond-3109, respectively.

.2. Compounding and sample preparation

RHF was oven dried at 105 ◦C for 24 h to adjust the mois-
ure content to 1–3% and then stored in sealed polyethylene
ags before compounding. The matrix polymers, PP and LDPE,
ere blended with the RHF and compatibilizing agents (MAPP

nd MAPE) altogether in a laboratory-sized, co-rotating, twin
crew extruder using three general processes: melt blending,
xtrusion and pelletizing. The extruder barrel was divided into
ight zones with the temperature in each zone being individu-
lly adjustable. The temperature of mixing zone in the barrel
as maintained at 190 ◦C (PP) and 160 ◦C (LDPE) with a screw

peed of 250 rpm. The extruded strand was cooled in a water
ath and pelletized using a pelletizer. Extruded pellets were oven
ried at 80 ◦C for 24 h and stored in sealed polyethylene bags to
void unexpected moisture infiltration. To investigate the effect
n the thermal properties, composite samples were prepared with
0 wt.% RHF-filler loading and incorporating MAPP and MAPE
1, 3 and 5 wt.%) and the two different MAPE polymers.

.3. Thermal properties

.3.1. Thermogravimetric analysis (TGA)
TGA measurements were carried out using a thermogravi-

etric analyzer (TA instruments, TGA Q500) on 10 mg samples,
ver a temperature range from 25 to 700 ◦C, at a heating rate
f 20 ◦C/min. TGA was conducted with the compounds placed
n a high quality nitrogen (99.5% nitrogen, 0.5% oxygen con-
ent) atmosphere with a flow rate of 20 ml/min in order to avoid
nwanted oxidation.

.3.2. Dynamic mechanical thermal analyzer (DMTA)
nalysis

To determine their viscoelastic properties, rectangular sam-

les of the composites, 16.0 mm × 6.0 mm × 1.6 mm, under-
ent DMTA (Rheometric Scientific DMTA IV, NICEM at
eoul National University) examination with the single can-

ilever method. The RHF–PP and RHF–LDPE composites were
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were slightly increased with increasing MAPP and HDPE-MA
content. The improved thermal stability of the compatibilizing
agent-treated composites was due to enhanced interfacial adhe-
sion and additional intermolecular bonding which produces an

Table 2
Summary of DTGmax degradation temperature of composites and compatibiliz-
ing agent (MAPP and MAPE)-treated composites at different compatibilizing
agent contents

Specimens First peak (◦C) Second peak (◦C)

PP No peak 480.1
PP–RHF 30 wt.% 355.2 481.2
MAPP 1% 360.1 484.2
MAPP 3% 361.5 485.6
MAPP 5% 362.3 486.2
LDPE No peak 486.1
H.-S. Kim et al. / Thermoch

nalyzed at the same frequency of 1 Hz and at a strain rate
f 0.3% (RHF–PP) and 0.1% (RHF–LDPE). The temperature
anges of RHF–PP and RHF–LDPE composites were −80 to
50 ◦C and −90 to 120 ◦C, respectively, at a scanning rate of
◦C/min. E′, E′′ and tan δ of the samples were measured as a

unction of temperature.

.3.3. Differential scanning calorimetry (DSC) analysis
DSC analysis was carried out using a TA Instrument DSC
1000 (NICEM at Seoul National University) with 5–8 mg

f sample. Each sample was scanned from −80 to 200 ◦C at
heating rate of 10 ◦C/min and then cooled at the same rate

nder a nitrogen atmosphere. Thermal properties, such as Tm
nd Tg, were determined from the second scan. Tm was defined
o be the maximum of the endothermic melting peak from the
eating second scan and Tg as the deflection of the baseline in
he cooling second scan. The specimens’ relative degree of Xc
as calculated according to the following equation:

c = �Hf × 100

�H0
f w

here �Hf is the heat of fusion of the PP, LDPE and composites,
Hf the heat of fusion for 100% crystalline PP (�H100 = 138 J/g)

14] and LDPE (�H100 = 290 J/g) [15] and w is the mass fraction
or PP and LDPE in the composites.

.4. Attenuated total reflectance (FTIR-ATR) measurements

The infrared spectra in the FTIR-ATR of MAPP, MAPE,
omposites and compatibilizing agent-treated composites were
btained using a Nexus 870 FTIR spectrophotometer (Thermo
icolet Instrument Corp. Madison, WI, USA). A diamond was
sed as an ATR crystal. The samples were analyzed over the
ange of 525–4000 cm−1 with a spectrum resolution of 4 cm−1.
ll spectra were averaged over 32 scans. This analysis of the

omposites was performed at point-to-point contact with a pres-
ure device.

. Results and discussion

.1. Thermogravimetric analysis

Fig. 1 shows the dynamic TGA curves of the PP and RHF-
lled PP composites with MAPP content ranging from 0 to
wt.%. The PP weight loss occurred in a one-step degrada-

ion process from 400 to 500 ◦C. This result was confirmed by
he presence of only one peak in derivative thermogravimetric
urve (DTGmax) temperature at 480 ◦C (Table 2). This result con-
rmed that PP is composed of the carbon–carbon bonds in the
ain-chain, thereby allowing a temperature increase to promote

andom scission, with associated thermal degradation and ther-
al depolymerization occurring at the weak sites of the PP main

hains [3,10,16]. Above 500 ◦C, the quantity of PP residue was

ery small due to the further breakdown of the PP thermal degra-
ation materials into gaseous products at higher temperature.
owever, the thermal degradation of RHF-filled PP composites
ccurred in a two-step degradation process, as also confirmed by

L
H
H
H

ig. 1. TGA curves of PP, RHF and RHF-filled PP composites.
TGA curve of RHF from Ref. [3].

he presence of two peaks for DTGmax temperature at 355 and
81 ◦C (Table 2). In the TGA curves, the first thermal degrada-
ion step may have corresponded to the hemicellulose, cellulose
nd lignin constituents in RHF, after which the second thermal
egradation step of PP was observed. This two-step degradation
rocess was further demonstrated in that the thermal degradation
emperature of the major constituents in RHF was lower than
hat of PP, i.e., the depolymerization of hemicellulose mainly
etween 150 and 350 ◦C, the random cleavage of the glycosidic
inkage of cellulose between 275 and 350 ◦C, and the degrada-
ion of lignin between 250 and 500 ◦C [16–19]. Above 400 ◦C,
nd before the thermal degradation involving the cellulose and
emicellulose cleavage, C–O and C–C bonds are formed from
olatile materials such as CO and CH4 [3].

The TGA curves of the composites according to differ-
nt MAPP and MAPE (HDPE-MA) contents are shown in
igs. 1 and 2, respectively. The thermal stability and degrada-

ion temperature of MAPP- and HDPE-MA-treated composites
ere slightly higher than those of non-treated composites and
DPE–RHF 30 wt.% 355.2 491.8
DPE-MA 1% 358.7 492.4
DPE-MA 3% 359.8 494.6
DPE-MA 5% 361.4 496.5
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Fig. 2. TGA curves of LDPE and RHF-filled LDPE composites.

sterification reaction between hydroxyl groups of RHF and
he anhydride functional group of MAPP and MAPE [8,19].
ig. 3 shows the hypothetical structure between hydroxyl groups
f RHF and the anhydride functional group of MAPP and
APE at the interface. The composites with 5% MAPP and
DPE-MA content had the highest thermal stability and this

ontent was therefore chosen as the proper addition to improve
he interfacial adhesion of composites. Table 2 shows the first
nd second DTGmax degradation temperature of the compos-
tes and compatibilizing agent-treated composites at different
ompatibilizing agent contents. The first and second DTGmax
egradation temperature of the composites with MAPP and
DPE-MA was slightly shifted to a higher temperature com-
ared to the non-treated composites and was slightly increased
ith increasing MAPP and HDPE-MA content. This result indi-

ated that the use of a compatibilizing agent in the composite

ystem improved the thermal stability of the composites [2,6–8].
owever, the non-treated MAPP and MAPE composites were

asily thermally degraded by increasing temperature due to
oor interfacial adhesion between the bio-flour and matrix poly-

c
w
L
p

Fig. 3. Hypothetical structure of compatibilizing agent between
ig. 4. TGA curves of RHF-filled LDPE composites according to the two dif-
erent MAPE polymers.

er which degraded the thermal properties of the composites
3].

Fig. 4 presents the TGA curves of RHF-filled LDPE compos-
tes according to the two different MAPE polymers. The thermal
tability and degradation temperature of the MAPE-treated com-
osites were not affected by the type of MAPE polymers.

.2. Dynamic mechanical thermal analyzer (DMTA)
nalysis

Fig. 5 shows the E′ of PP and RHF-filled PP composites as
function of temperature. With increasing temperature, the E′

alues of PP and composites significantly decreased due to the
ncrease polymer chain mobility of the matrix at higher temper-
tures [3]. The reduction in E′ of LDPE and RHF-filled LDPE

omposites is also shown in Fig. 6. As can be seen in Figs. 4–6,
ith the incorporation of RHF in PP and LDPE, the E′ of PP and
DPE was significantly increased at higher temperature. This is
robably due to the increased stiffness of the PP and LDPE with

hydrophilic RHF and hydrophobic matrix polymer [2,7].
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ig. 5. Storage modulus of PP and RHF-filled PP composites at different MAPP
ontents.

he reinforcing effect imparted by the RHF which allows for
reater stress transfer at the interface from the matrix to the RHF
13]. This result is confirmed by the mechanical properties of
atural fiber-reinforced composites. Mohanty et al. [8] reported
hat the tensile and flexural strengths of jute fiber-reinforced
DPE composites were much higher than those of HDPE. This

mproved mechanical property of the composites was primarily
ttributed to the reinforcing effect imparted by the fibers, which
llowed a uniform stress distribution from continuous polymer
o dispersed fiber phase [8].

The E′ of RHF-filled PP and LDPE composites at different
APP and MAPE content is also seen in Figs. 5 and 6. With

ncreasing MAPP and MAPE content, the E′ of composites was
lightly increased compared to that of the non-treated compos-
tes. The enhanced stiffness of the composites was primarily

ttributed to the improved compatibility between the RHF and
P, as a result of the enhanced stiffness of the composites [13,14].
he E′ value was maximized for the 5% MAPP and MAPE con-

ent composites. Fig. 7 presents the E′ value of RHF-filled LDPE

ig. 6. Variation of storage modulus of LDPE and RHF-filled LDPE composites
t different MAPE (HDPE-MA) contents.

T
t
r
c
i

F

ig. 7. Variation of storage modulus of RHF-filled LDPE composites according
o the two different MAPE polymers.

omposites according to the two different MAPE polymers. The
tiffness of the MAPE-treated composites was not significantly
hanged by the two different base resins, indicating that the stiff-
ess of the composites is not affected by the MAPE polymers.

The temperature dependence of tan δ for the RHF-filled PP
omposites at different MAPP contents is presented in Fig. 8.
an δwas obtained from the ratio of E′′ (viscous phase) to E′ (elas-
ic phase). The tan δmax peak can also provide information on
he Tg and energy dissipation of composite materials [8,13,20].

ith increasing temperature, the tan δ values of PP and com-
osites increased due to the increased polymer chain mobility
f the matrix. From the tan δmax peak temperature in Table 3,
g of the composite was slightly shifted to a higher temperature
ith increasing MAPP content, which may indicate better inter-

acial interaction between RHF and matrix at the interface [8].
he tan δ values of MAPP-treated composites were lower than
hose of non-treated composites over the complete temperature
ange, indicating that energy dissipation of the MAPP-treated
omposites was less than that of non-treated MAPP compos-
tes. The tan δ values were lowest for the 5% MAPP content

ig. 8. tan δ of PP and RHF-filled PP composites at different MAPP contents.
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Table 3
Summary of tan δmax peak and E′′

max peak temperature of composites at different
compatibilizing agent contents with the two different MAPE polymers

Specimens tan δmax peak temperature (◦C)

PP 15.3
PP–RHF 30 wt.% 15.7
MAPP 1% 19.1
MAPP 3% 20.2
MAPP 5% 21.3

Specimens E′′
max temperature (◦C)

LDPE −23.9
LDPE–RHF 30 wt.% −21.7
HDPE-MA 1% −20.5
HDPE-MA 3% −19.6
HDPE-MA 5% −19.4
LLDPE-MA 1% −21.1
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LDPE-MA 3% −20.6
LDPE-MA 5% −19.7

omposites. Energy dissipation may occur by the interface. The
mproved interfacial bonding of the MAPP-treated composites

ay be characterized by lower energy dissipation [8]. Therefore,
e can conclude that the δ value of the composites is governed
y the interfacial adhesion and energy dissipation between the
HF and matrix at the interface.

Fig. 9 shows the variation of the E′′ (viscous behavior) of
DPE and RHF-filled LDPE composites at different MAPE
ontents. We could not measure the Tg of LDPE (−135 ◦C)
21] as it was not sufficiently cooled down to this tempera-
ure. However, it is evident that the E′′

max peak temperature of
DPE- and MAPE-treated composites was in the range of −23

o −19 ◦C, which may be attributed to β relaxation. The β relax-
tion temperature of LDPE is related to having properties of the
lass–rubber transition and the branched structures of the main

hains [22]. However, the β relaxation temperature of HDPE
as not observed due to the absence of these branch structures

8]. From the E′′
max peak temperature in Table 3, the β relaxation

ig. 9. Variation of loss modulus of LDPE and RHF-filled LDPE composites at
ifferent MAPE (HDPE-MA) contents.
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ig. 10. Variation of loss modulus of RHF-filled LDPE composites according
o the two different MAPE polymers.

emperature of the composites was shifted to higher temperature
ith increasing MAPE content, possibly due to additional bond-

ng between the RHF and LDPE which decreases the polymer
hain mobility and thus increases the β relaxation temperature of
APE-treated composites. Fig. 10 shows the E′′ values of RHF-

lled LDPE composites according to the two different MAPE
olymers. This indicated that the viscous behavior of the com-
osites was not affected by the MAPE polymers.

.3. Differential scanning calorimetry (DSC) analysis

Fig. 11 presents the second heating thermograms for RHF-
lled PP (a) and LDPE (b) composites at different MAPP and
APE content. The Tm of MAPP- and MAPE-treated compos-

tes was obtained from the maximum of the endothermic melting
eak. The Tm of composites was not significantly changed by
he addition of MAPP and MAPE. Table 4 lists Tg, Tm, �Hf
nd Xc for PP, LDPE, RHF-filled PP and LDPE composites at
ifferent compatibilizing contents and with the two different
APE polymers. The Tg of composites was slightly shifted to a

igher temperature with increasing MAPP content. This result
as confirmed by tan δmax peak temperature (Tg) of MAPP-

reated composites. This may be attributed to the additional
onding between the RHF and PP due to anhydride group of
APP [2,7]. The DSC and DMTA procedures produced quite

ifferent Tg results. The Tg value determined by DSC depended
n the thermal history of the sample, whereas that by DMTA was
btained from tan δ of the sample, which was itself determined
n the experiment whereby the deforming force and oscillating
requency were selected and scanned automatically through a
ange of values [23].

We could not detect the Tg of LDPE and RHF-filled LDPE
omposites with different MAPE contents because they were not

ufficiently cooled down to Tg (−135 ◦C) of LDPE. However,
e can expect that the Tg of MAPE-treated composites may
e slightly changed due to the existence of interfacial bonding
etween the RHF and LDPE at the interface. A slight incre-
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Table 4
Summary of Tg, Tm, �Hf and Xc for PP, LDPE, RHF-filled PP and LDPE composites at different compatibilizing agent contents with the two different MAPE
polymers

Tg (◦C) Tm (◦C) �Hf (J/g) Crystallinity degree (%)

PP −8.4 167.5 80.8 58.5
PP–RHF 30wt.% −7.9 165.8 59.2 61.2
MAPP 1% −7.6 164.4 62.9 65.1
MAPP 3% −6.4 164.0 64.8 67.1
MAPP 5% −5.1 165.4 65.6 67.9
LDPE – 103.8 150.1 51.7
LDPE–RHF 30wt.% – 104.8 102.6 50.5
HDPE-MA 1% – 103.0 107.7 53.1
HDPE-MA 3% – 102.8 111.4 54.9
HDPE-MA 5% – 101.8 115.9 57.1
L 7
L 4
L 5

m
M
m
e
t

F
d

o
M

LDPE-MA 1% – 103.
LDPE-MA 3% – 103.
LDPE-MA 5% – 102.

ent in the Xc of the composites with increasing MAPP and
APE content can also be observed in Table 4. The improve-

ent in the Xc value of the composites was due to the coupling

ffect of MAPP and MAPE which extend the predominance of
he crystallization process. Table 4 also presents the Xc values

ig. 11. DSC heating curves of (a) RHF-filled PP and (b) LDPE composites at
ifferent MAPP and MAPE (LLDPE-MA) contents.
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106.1 52.3
109.1 53.7
111.5 55.9

f RHF-filled LDPE composites according to the two different
APE polymers. The Xc values of composites with HDPE-
A were slightly higher than those of LLDPE-MA compos-

tes at all compatibilizer contents, suggesting that the proper
ethod to enhance the interfacial adhesion of composites with
DPE matrix polymer is the treatment of commercially available
APE with the HDPE-MA compatibilizer.

.4. FTIR-ATR measurements

Figs. 12 and 13 show the FTIR-ATR spectra of MAPP
nd HDPE-MA, respectively, compatibilizing agent-treated and
on-treated composites. Two special absorbance peaks are evi-
ent at 1774 and 1790 cm−1, which were attributed to MA
ymmetric C O stretching of MAPP and MAPE, respectively
24,25]. This result suggests that MAPP and MAPE interact with
HF by forming covalent linkage and ester bonding between the

A group of MAPP and MAPE and the hydroxyl groups at the
HF surface [7,8]. This result was clearly confirmed by the two

pecial peaks that are evident at 1740 and 1730 cm−1, respec-
ively, which may have resulted from the esterification of the

ig. 12. FTIR-ATR spectra of MAPP, MAPP-treated and non-treated compos-
tes.
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ig. 13. FTIR-ATR spectra of MAPE (HDPE-MA), MAPE-treated and non-
reated composites.

ydroxyl groups and the resultant increased stretching vibration
f the carbonyl groups (C O) such as at 1740 cm−1 (MAPP)
nd 1730 cm−1 (MAPE) [6,8].

. Conclusions

The thermal stability, degradation temperature and DTGmax
egradation temperature of MAPP- and MAPE-treated compos-
tes were slightly higher than those of non-treated composites
nd were slightly increased with increasing MAPP and MAPE
ontent up to 5%. However, the thermal stability and degradation
emperature of the two different base resin types of MAPE-
reated composites were not significantly changed. With the
ncorporation of RHF in PP and LDPE, the E′ of PP and LDPE
as significantly increased at higher temperature. With increas-

ng MAPP and MAPE content, the E′ of composites was slightly
ncreased. The stiffness of the composites was not significantly
y the two different base resins. With increasing compatibilizing
gent content, tan δmax peak temperature and E′′

max peak temper-
ture (β relaxation) of the composites were slightly shifted to a
igher temperature while the tan δ values of MAPP-treated com-
osites were lower than those of non-treated composites over the
omplete temperature range due to the decreased energy dissi-
ation. The Tm of the composites was not significantly changed
y the addition of MAPP and MAPE. However, the Tg and Xc

f the compatibilizing agent-treated composites were slightly
ncreased due to the coupling effect of MAPP and MAPE. The
c value of the composites with added HDPE-MA was slightly
igher than that with added LLDPE-MA. This improvement in

[

[
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hermal stability and properties could be attributed to improved
nterfacial adhesion and compatibility between the RHF and

atrix due to the treatment of compatibilizing agent. Based on
ur experimental results, we suggest that the proper method of
nhanced interfacial adhesion of composites with LDPE matrix
olymer is treatment with HDPE-MA as compatibilizing agent
nd that the best MAPP and MAPE content is 5%.
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