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a b s t r a c t

The rice straw fiber (RSF) was modified by suspension polymerization of butyl acrylate (BA) monomer.
The results of Fourier transform infrared (FTIR) spectroscopy and scanning electron microscopy (SEM)
indicated that poly(butyl acrylate) (PBA) was adsorbed and coated on RSF. The biodegradable composites
eywords:
omposites
oly(lactic acid)
ice straw fiber
uspension polymerization

were prepared with the modified rice straw fiber (MRSF) and poly(lactic acid) (PLA) by HAAKE rheometer.
Mechanical properties showed that the tensile strength of PLA/MRSF composites (W(%) = 7.98) increased
by 6 MPa compared with blank sample. The water absorption of the PLA/MRSF composites was lower than
PLA/RSF composites. The thermal properties of these composites were investigated by thermogravimet-
ric analysis (TGA) and differential scanning calorimetry (DSC). The TGA results confirmed that thermal
stability of PLA/RSF composites increased with the PBA increasing. The DSC data showed that RSF played

nt an
utyl acrylate a role as a nucleating age

. Introduction

Humanity is facing increasingly difficult challenges in life
espite the great advancements in science and technology over
he last century. All the needs of modern society, e.g., food, fuel,
nergy, and materials, are highly dependent on diminishing fos-
il resources [1]. Rising oil prices and increased environmental
wareness have contributed to the advance of research on and
evelopment of biocomposites [2]. Biocomposites composed of
iodegradable polymer and biofiber (natural fiber) as matrix mate-
ial and reinforcing element, respectively, have been attracted
ttention from the viewpoint of protection of the natural envi-
onment in recent years [3–5]. Biocomposites show excellent
erformances such as high strength and stiffness, great versatility,
nd processing advantages at favourable cost, which make them
e extensively used in many applications, ranging from aerospace

echnology to the automobile industry [6].

Biodegradable polymers as matrix material of biocompos-
tes can reduce the reliance on fossil fuels [7]. The usual
iodegradable polymers include poly(butylene succinate) (PBS),
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d PBA made crystallization of PLA more difficult and incomplete.
© 2010 Elsevier B.V. All rights reserved.

poly(caprolacton) (PCL), poly(hydroxyalkanoates) (PHA), and
poly(lactic acid) (PLA), and so on [8,9]. Poly(lactic acid) (PLA) is
a degradable thermoplastic polymer with excellent mechanical
properties and produced on a large scale from fermentation of corn
starch to lactic acid and subsequent chemical polymerization. Pure
PLA can be degraded into carbon dioxide, water, and methane with
long-term using, compared to other petroleum plastics [10,11].
Moreover, PLA is applied widely [12]. It can be used in either
the industrial packaging field or the biocompatible/bioabsorbable
medical device market. It can be easily processed into molded parts,
film, or fiber, and so on [1,13]. However, the high price and brittle-
ness of PLA currently limit its application and considerable efforts
have been made to improve these characteristics of the polymer
[14–16].

The nature fiber comes from stalks, leaves, and seeds, such as
jute, kenaf, hemp, sisal, flax, wheat straw and rice straw. [17,18].
Compared to synthetic fiber, natural fiber has many advantages
such as recoverability, biodegradation, flammability, non-toxicity,
and other excellent properties [19,20]. As the plant resources, rice is
widely cultivated in China. The gross amount of rice straw reached
0.16 billion ton each year. Rice straw is not only a potential source
of energy but also a value-added by-product [21]. At present, rice

straw is poorly utilized, about 45–60% incinerated and discarded,
which not only waste organic fertilizer source, but also pollute the
environment. Therefore, the use of rice straw is significant to either
environmental protection or cost of material [22]. Among the many
types of natural fillers, rice straw fiber (RSF) has not attracted much

dx.doi.org/10.1016/j.cej.2010.11.039
http://www.sciencedirect.com/science/journal/13858947
http://www.elsevier.com/locate/cej
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Table 1
Individual batch composition.

Samples PLA (g) MRSF

RSF (g) RSF:BA (g/g) W(%) Y(%)

S-l 45 5 100:0 0 0
S-2 45 5 100:15 4.280 26.00
S-3 45 5 100:20 7.980 33.28
S-4 45 5 100:25 16.48 54.98
S-5 45 5 100:30 23.10 64.27
S-6 45 5 100:40 35.65 74.35
S-7 45 5 100:50 47.45 79.17
S-8 45 5 100:80 87.99 91.76

images of (M)RSF and PLA/(M)RSF composites. All specimens were
fractured perpendicularly to the flow direction after immersion in
liquid nitrogen for about 5 min. The fracture surface was sputter
coated with gold to provide enhanced conductivity.
L. Qin et al. / Chemical Engine

ttention because of low content of cellulose (28–48%) [23–25]. It
as reported that the physico-chemical properties of RSF could be
odulated by various derivatization techniques. RSF can be used

s filler material in the PLA matrix property enhancement and to
educe costs. However, only a few numbers of studies have been
o far reported for biodegradable PLA composites based on RSF due
o the weak interaction between hydrophilic RSF and hydrophobic
LA [20,23].

In this investigation, composites consisting of PLA and modified
ice straw fiber (MRSF) with poly(butyl acrylate) (PBA) were pre-
ared to achieve improved mechanical and thermal properties. PBA
hould be more compatible than rice straw with PLA because of the
nteraction of the ester groups of the both, the PLA matrix and PBA
26]. PBA was chosen here to modify compatibly properties of the
ydrophilic RSF and hydrophobic PLA because it is a hydrophobic
olymer which adsorbed and coated on RSF. To evaluate the mod-

fied effect of PBA, the mechanical and thermal properties were
haracterized by tensile test, water absorption test, DSC, and TGA.

. Experimental

.1. Materials

Poly(lactic acid) (PLA A306 injection grade) in pellet form was
btained from Biopla Products Factory (Ningbo, China). It has a spe-
ific gravity of 1.2 and a melt flow index around 10–13 g/10 min
190 ◦C/2.16 kg). Its glass transition temperature (Tg) and melting
emperature (Tm) are 55–60 ◦C and 150–155 ◦C, respectively. It was
ried in a vacuum oven at 80 ◦C for 6 h before preparation of com-
osites. Rice straw fiber (100–300 �m) obtained from commercial
ources, were dried in a vacuum oven at 100 ◦C for 6 h to remove
oisture before used. Azobisisobutyronitrile (AIBN) (China) was

sed as the initiator for suspension polymerization reactions. Butyl
crylate (BA) (Tianjing Chem. Reagent Co., China) was purified
f inhibitor upon distillation under reduced pressure and kept
efrigerated until used. Polyvinyl alcohol (PVA) (1750 ± 50) was
urchased from Shanghai Reagent Co. (China). Distilled water was
pplied for all the polymerization and treatment processes.

.2. Preparation of MRSF

Dried RSF and BA monomer were well-mixed in a three necked
ound bottom flask under ultrasonic at temperature of 20 ◦C, for
0 min. And then, a certain quantity of initiator, dispersant, and
istilled water was added. The system was under nitrogen atmo-
phere and equipped with a water bath, mechanical stirrer, reflux
ondenser and thermometer. The weight ratio to RSF and BA
onomer was 100:15, 100:20, 100:25, 100:30, 100:40, 100:50,

00:80, 100:100, 100:120 and 100:150, respectively, RSF: distilled
ater was 1:20 and BA monomer:AIBN:PVA was 100:3:2. The nitro-

en atmosphere and agitation were maintained throughout the
xperiment. After reaction for 6 h at 75 ◦C, MRSF was obtained by
eaching the reaction solution with the buchner funnel and was

ashed with distilled water several times. And then, the washed
FSF was dried in an oven at 80 ◦C for 8 h to remove moisture and

hen was further dried in a vacuum oven at 100 ◦C for 4 h to remove
esidual moisture.

The percentage of weight of PBA reacted on RSF, W(%), and yield
f homopolymerization of PBA on RSF, Y(%), are calculated from
qs. (1) and (2), respectively:
(%) = MMRSF − MRSF

MRSF
× 100 (1)

(%) = MMRSF − MRSF

MBA
× 100 (2)
S-9 45 5 100:100 112.5 93.87
S-10 45 5 100:120 132.9 92.43
S-11 45 5 100:150 172.7 96.08

where MRSF is the original weight of RSF, MMRSF is the weight of the
RSF after modification, and MBA is the weight of BA monomer.

2.3. Preparation of composites

The PLA and MRSF were weighted at the desired addition level
(Table 1) and premixed in a glass beaker. The mixture was then
melt-compounded in an HAAKE rheometer (HAAKE Rhemix 600 P
German) at 175 ◦C for 5 min at a mixing speed of 80 rpm/min. The
melted compounds were hot-press molded at 175 ◦C.

2.4. Characterization

2.4.1. Fourier transform infrared spectroscopy
Fourier transform infrared (FTIR) spectroscopy was performed

on a Nicolet NEXUS 670 FTIR spectroscopy. The samples ((M)RSF)
were dried completely and pressed with potassium bromide (KBr)
using disks. The spectra were used to analyzing the change in the
chemical structure of surface-treated fiber.

2.4.2. Tensile testing
The tensile test was done by using a tensile test machine (XL-

100, Jilin Province Jinli Test Technology Co., Ltd.) adapted to the
standard GB/T 1440-92. Specimens about 1 mm in thickness (as
shown in Fig. 1) were cut from the plaques for the different mea-
surements realized in the present study. The samples were placed
for 48 h at room temperature (∼25 ◦C) and atmospheric conditions
(relative humidity of ∼50 ± 5%) before test. The tensile rate was
1 mm/min.

2.4.3. Scanning electron microscopy
A field emission scanning electron microscope (FE-SEM, Hitachi

High-Technologies CO.S-4300 model, Japan) was used to get SEM
Fig. 1. Shape and measurement of specimens (mm).
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.4.4. Water absorption
Samples with dimensions 50 mm × 10 mm × 1 mm were cut

rom tensile specimens and used to examine the water absorp-
ion behavior after vacuum drying at room temperature for 24 h.
he samples were immersed in distilled water (25 ◦C) for one week
nd taken out of water at each 24 h. The replicates were tested for
ach treatment. The percentage of water absorption (PWA) was
alculated by the expression:

WA = Wf − Wi

Wi
× 100 (3)

here Wf and Wi are the final and initial weights, respectively.

.4.5. Thermogravimetric analysis
Thermogravimetric analysis (TGA) was performed on a TA

nstrument 2050 TGA analyzer (Japan) recording the weight loss as
function of temperature. Samples were heated from 45 to 500 ◦C
t a scanning rate of 10 ◦C/min in air. Degradation temperature
alues (Td) were evaluated as temperatures corresponding to the
aximum rate of the weight loss.

.4.6. Differential scanning calorimetry
Thermal analysis of specimens was carried out using a sapphire

SC (Perkin-Elmer, America). The samples used for testing were
liced from the specimens. About 10 mg of dried samples were
canned at a heating rate of 10 ◦C/min under a 20 ml/min flow of
itrogen to prevent oxidation. The first scan was to remove all resid-
al moisture and erase any thermal history from 20 to 180 ◦C. The
g was obtained from the second scan from 20 to 250 ◦C.

. Results and discussion

.1. Preparation of MRSF

The percentage of weight of PBA reacted on RSF (W(%)), and
ield of homopolymerization of PBA on RSF (Y(%)) were calculated
ccording to Eqs. (1) and (2), which were similar to that reported
y Liu and Su [27] and Kaewtatip and Tanrattanakul [28]. Table 1
epresents different W(%) and Y(%) of samples polymerized in a
ater bath for 6 h at 75 ◦C. As shown in Table 1, when the weight

atio is under 100:100, both values increase with the content of BA
onomer increasing, higher W(%) value shows higher Y(%) value.
hen the ratio by weight is over 100:100, Y(%) value increases

lowly and is close to the balance. However, the amount of BA
onomer shows significant effect on W(%), and the higher BA con-

ent offers the higher W(%). This may be because that more BA
onomer offers more opportunity for adsorbing and coating poly-
erization. This agrees with the findings from the literature that

ow concentration of monomer leads to decrease the active sites on
he growing chains and low polymerization yields. On the contrary,
igh concentration of monomer leads to more homopolymeriza-
ion [28].

.2. FTIR analysis

Several characteristic peaks representing chemical functional
roups are detected in the FTIR spectra of RSF, MRSF, PBA, and
A, as shown in Fig. 2. The spectrum of RSF (Fig. 2(a)) shows a
road absorption band characteristic of the OH stretching, from
600 to 3200 cm−1. Moreover, the intense band at 1633 cm−1 is
ttributed to olefinic C C stretching vibration while the bands at

241 and 1161 cm−1 are the results of C–O stretching of the car-
ohydrate [21]. Compared with the spectrum of Fig. 2(a), a new
and at 1734 cm−1 appears in the spectra of MRSF (Fig. 2(b) and
c)), showing that PBA was adsorbed and coated on RSF. How-
ver, the characteristic peak at 1732 cm−1 appeared in Fig. 2(b) is
Fig. 2. FTIR spectrum of (a) RSF, (b) MRSF with W(%) = 7.98, (c) MRSF with
W(%) = 132.9, (d) PBA, and (e) BA.

weak, which may be due to the little PBA content in the RSF [10].
This will be confirmed in the SEM images discussed in the subse-
quent section. The typical ester band appears in the PBA (Fig. 2(d))
at 1734 (C O stretching), 1256 and 1165 cm−1 (C–O stretching)
[27,29]. In the spectrum of BA, as shown in Fig. 2(e), the character-
istic absorption bands at 3038 cm−1, 3072 cm−1 and 1635 cm−1 can
be attributed to C C stretching vibration and the band at 810 cm−1

is the CH out-of-plane bending modes [30]. However, the same
absorption bands disappear in the spectrum of PBA (Fig. 2(d)).
Moreover, it is not found C C stretching vibration at 3038 cm−1,
3072 cm−1 and CH out-of-plane bending modes at 810 cm−1 in
the spectra of MRSF (Fig. 2(b) and (c)). These results indicate that
BA monomer has not been left in MRSF.

3.3. Morphology of the (M)RSF

SEM micrographs of RSF and MRSF (W(%) = 7.98, W(%) = 132.9)
are shown in Fig. 3. The surface of RSF shows a very rough topog-
raphy (Fig. 3(a)), while some sub-micron spherical particles of PBA
and a continuous coating of PBA on RSF are observed in Fig. 3(b)
and (c), respectively. The morphology suggests that the W(%) has
great influence on their interior structure. The surface of MRSF with
greater W(%) (Fig. 3(c)) remarkably shows the presence of PBA,
compared with that of MRSF with smaller W(%) (Fig. 3(b)). This
is corresponding with the foregoing FTIR results.

3.4. Tensile properties

According to Table 1, the specimen of PLA/(M)RSF compos-
ites are prepared with different W(%). The tensile strength of the
composites was examined, as shown in Fig. 4. From Fig. 4, the
tensile strength of PLA/RSF composites increases at first and then
decreases with the increase of W(%), whereas the elongation at
break increases slowly. Compared with S-1, the tensile strength of
S-3 significantly increases by about 6 MPa which might be due to
the little PBA coated and adsorbed on the RSF and good interfacial
adhesion between MRSF and PLA matrix [31]. So we can conclude
that little PBA may play an important role as a compatilizer. How-
ever, the tensile strength of PLA/MRSF decreases rapidly by further

increasing the content of PBA. This may be due to the excess PBA
(a very soft polymer) could not be dispersed well in the matrix
and caused stress defects and induced the poor interfacial adhesion
between PLA and MRSF, which reduced the strength.
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Fig. 3. SEM of (M)RSF (a) RSF, (b) MRSF with W(%) = 7.98, and (c) MRSF with W(%) = 132.9.
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ig. 4. Relationship between tensile property and additive rate of PBA: (a) tensile
trength (MPa) and (b) elongation at break (%).

.5. Morphology of the composites

The fracture surface morphology of PLA/(M)RSF composites was
nalyzed by SEM, as shown in Fig. 5. From Fig. 5(a), pullout of fiber
rom the matrix is observed, indicating poor adhesion between RSF
nd PLA [32,33]. Conversely, PLA/MRSF composite of S-3 (Fig. 5(b))
hows MRSF is broken off, which indicates good interfacial adhe-
ion between the MRSF and PLA matrix. This effectiveness in the
nterfacial adhesion of the phases can be attributed to the differ-
nt chemical structures and degree of functional groups affects
he degree of interaction between the phases of the composites.
LA/MRSF composite of S-10 (Fig. 5(c)) has a different fracture sur-

ace compared with S-3 (Fig. 5(b)). Some of stacked PBA are shown
n Fig. 5(c) which is due to the poor compatibility between PLA
nd MRSF when PBA content is high. These images indicate that
xcess PBA that cannot be dispersed well and stacked in the matrix
nd induced the poor interfacial adhesion. It was reported that the

Fig. 5. SEM images of PLA/(M)RSF compo
Fig. 6. Water absorption of PLA/(M)RSF composites: (a) PLA, (b) S-1, (c) S-3, and (d)
S-10.

interfacial interaction affects the mechanical properties of the com-
posite [31], which has been confirmed by the tensile test results
discussed in the foregoing section. Therefore, the difference in frac-
ture surface morphology of the PLA/MRSF composites may explain
why the tensile strength of PLA/MRSF composite rapidly decreased
when PBA content is over W(%) = 7.98.

3.6. Water absorption

The water absorption capacity of PLA and PLA/(M)RSF com-

posites is shown in Fig. 6. As expected, PLA (Fig. 6(a)) shows the
lowest water absorption because of its hydrophobicity. However,
the PLA/(M)RSF composites absorbed more water than PLA. These
results are in good accordance with the published data which

sites: (a) S-1, (b) S-3, and (c) S-10.
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Fig. 7. TGA thermograms of PLA/(M)RSF composites: (a) PLA, (b) S-1, (c) S-3, and
(d) S-10.

Table 2
Thermogravimetric data of the samples: degradation temperature (Td) and residual
weight at 500 ◦C.

Samples Td (◦C) Weight residual at 500 ◦C (%)

PLA 324 16.4

s
d
w
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t

S-l 275 17.4
S-3 294 17.1
S-10 309 12.2

howed that the lignocellulosic polar fibers displayed a higher ten-
ency to absorb water than the hydrophobic PLA [23]. Compared
ith the S-3 (Fig. 6(c)) and S-10 (Fig. 6(d)), S-1 (Fig. 6(b)) shows

he highest water absorption. A possible reason for this behavior
ould be that PBA adsorbed and coated on RSF reduces the water
bsorbance capability of the composite, since PBA is a hydropho-
ic polymer [34]. However, the water absorption of S-10 is higher
han S-3, which may be because that the S-3 has better interfacial
dhesion that decrease the width of the interface area between the
bers and the composite decreases the water absorption through
his area into inner parts of the material [35]. It was reported that
strong fiber/matrix interfacial adhesion can help to diminish the
ater penetration, reducing the hygroscopicity, and, consequently,

voiding the worsening of mechanical performances of compos-
tes [23]. This has been confirmed by the tensile test results and

orphology of the composites.

.7. TGA

The thermal degradation of PLA/(M)RSF composites has been
nvestigated in terms of weight loss by TGA carried out in air as

hown in Fig. 7. The residual weight is presented in graphical form
s a function of temperature for PLA/(M)RSF composites. Table 2
hows the degradation temperature values (Td) calculated as the
aximum of degradation rate, and the residual weight at 500 ◦C. It

able 3
SC analysis of the samples.

Samples Tg (◦C) Tcc (◦C) �Hcc (J/g)

PLA 58.8 100.4 −17.0
S-l 58.8 96.7 −14.6
S-3 59.4 99.9 −16.3
S-10 59.1 105.3 −16.5

cc, cold crystallization temperature; �Hcc, cold crystallization enthalpy; Tm1, temperature
emperature; �Hm , melting enthalpy; �c, degree of crystallinity.
Fig. 8. DSC thermograms of samples: (a) PLA, (b) S-1, (c) S-3, and (d) S-10.

can be observed that PLA/MRSF composites show higher thermal
stability than PLA/RSF composites and a higher W% brings about
higher thermal stability, degradation temperature values of S-1,
S-3, S-10 composites are 275 ◦C, 294 ◦C and 309 ◦C, respectively.
However, the presence of RSF decreases the Td from 324 ◦C to 275 ◦C
due to the nature of the RSF [13]. Concerning the residual weight at
500 ◦C, it can be remarked that S-10 composite shows a low residual
weight, about 12%. PBA has very little ash after thermal degrada-
tion. So the major percentage of weight loss derives mainly from
BA homopolymer [28]. As a consequence, the residual weight at
500 ◦C decreases with increasing W(%). This can explain why S-
3 composites show a higher residual weight than S-10. The TGA
results confirm the content of PBA increases in thermal stability of
PLA/RSF composites.

3.8. DSC analysis

DSC experiment was carried out to investigate the thermal
properties of the blend materials. Fig. 8 and Table 3 show the
thermograms and numerically analyzed data of PLA and its com-
posites, respectively. As can be seen in Fig. 8, an endothermic
peak (in all the specimens) exists near the glass transition phase
because of physical aging of the polymeric materials [36,37]. This
phenomenon is related to the inherent distribution of the relax-
ation times of polymer chains. It can also be observed that cold
crystallization peaks exist for the composite specimens. Interest-
ingly, all melting endotherms show two distinct peaks, as show in
Fig. 8. There may be two causes. Few authors have reported [38,39]
this behavior as a result of lamellar rearrangement during crystal-
lization of PLA: low-temperature peak is formed on the melting

endotherm of the original crystallites, and the high-temperature
peak is formed on the melting endotherm of the recrystal crystal-
lites. In another case, the two melting peaks may be a result of the
polymorphic crystalline transition of PLA [38]. In the present study,

Tm (◦C) �Hm (J/g) �c (%)

Tm1 (◦C) Tm2 (◦C)

144.1 150.6 27.0 10.7
143.4 15L5 28.6 16.6
144.1 151.7 24.5 9.80
144.8 151.0 22.7 8.33

of lower melting peak; Tm2, temperature of higher melting peak; Tg, glass transition
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he double-melting peak behavior observed in the PLA/(M)RSF
omposites when RSF was treated with PBA may be attributed
o two different types of crystalline structures (e.g., variation in
hickness of the lamellar structure and size of the spherulites)
btained during the crystallization process due to the influence of
BA [40].

The cold crystallization temperature (Tcc) decrease to 4 ◦C for
-1 compared with PLA. This agrees with the findings from the
iterature that the presence of fillers can promote the initial cold
rystallization of PLA matrix [41]. However, the Tcc increases with
he addition of PBA. This behavior indicates that PBA makes crystal-
ization of PLA more difficult and incomplete. So when the content
f PBA is high (W(%) = 132.9), PLA/MRSF composites have higher Tcc

nd poor crystallinity (�c).
The crystallinity (�c) of PLA is computed using Eq. (3) [42,43]:

�c(% ) = �Hm

�H0
m

× 100
w

(4)

here w is the weight fraction of PLA in the sample, �Hm and �H0
m

re the enthalpy for melting and that for a 100% crystalline PLA
ample (93.7 J/g), respectively. To determine the crystallinity of the
ample, the extra heat absorbed by the crystallites formed during
eating (i.e., cold crystallization) have to be subtracted from the
otal endothermic heat flow due to the melting of the whole crys-
allites [44]. Thus, the modified equation can be written as follows:

c(%) = �Hm − �Hcc

�H0
m

× 100
w

(5)

here �Hcc is the enthalpy for cold-crystallization.
As can be inferred from Table 3, the addition of RSF enhances the

rystallinity of PLA from 10.7% to 16.6% for S-1 sample. So, it can
e concluded that the addition of RSF increases the crystallinity
y acting as a nucleating agent. This agrees with the finding from
he literature that the addition of fillers enhances the crystallinity
f PLA [40,45,46]. However, the addition of PBA reduces the crys-
allinity of PLA, which indicates that PBA has played an important
ole in reducing the crystallinity of PLA/MRSF composites. This is
ecause that PBA is situated at the surface of the fiber which inhibits
he PLA from nucleating on the fiber. As stated earlier, PBA makes
rystallization of PLA more difficult and incomplete. In addition, it
an be seen that both Tg and Tm of the composites are not signifi-
antly different from the pure PLA.

. Conclusion

Composites consisting of PLA and MRSF with PBA were prepared
o improve the mechanical and thermal properties. The synthesis
f MRSF was carried out from BA monomer and RSF by suspension
olymerization. FTIR and SEM indicated that PBA was adsorbed and
oated on RSF. The modified effect of the PBA on the mechanical and
hermal properties has been investigated. A morphological study of
LA/MRSF (W(%) = 7.98) via SEM showed good interfacial adhesion
etween PLA and RSF and good dispersion of RSF in the polymer.
owever, the poor interfacial adhesion between PLA and RSF was
bserved when PBA content was high. These were well confirmed
n the tensile test, which showed the tensile strength of PLA/RSF
omposites significantly increased to 6 MPa when W(%) = 7.98. But
he tensile strength of PLA/RSF rapidly decreased while the con-
ent of PBA was over W(%) = 7.98. The addition of PBA to PLA led
o decrease in tensile strength while the elongation at break was

lowly increased. This is in good-agreement with the results of
he water absorption test. TGA showed that the addition of PBA
ncreased in thermal stability of PLA/RSF composites. DSC mea-
urements deduced the following conclusions: the presence of PBA
ncreased the cold crystallization temperature (Tcc) and reduced

[

[
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the crystallinity of PLA, the addition of RSF enhanced the crys-
tallinity of PLA. However, both Tg and Tm of the composites were
not significantly different from the pure PLA. In summary, PBA was
not a good suitable potential compatilizer when the content of
PBA was high. The optimum modification effect (W(%) = 7.98) was
obtained where samples have good tensile strength and thermal
stability.
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