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ABSTRACT: The interfacial reaction of the polyethylene (PE)/starch blend system con-
taining the reactive compatibilizer maleated polyethylene (m-PE) was directly charac-
terized by Fourier transform infrared (FTIR) spectroscopy. A significant amount of
anhydride groups on m-PE existed as hydrolyzed forms, resulting in a large amount of
carboxyl groups. Using a vacuum-heating-cell designed in the laboratory, the carboxyl
groups were successfully transformed into the dehydrolyzed state (i.e., anhydride
group). This result enabled the direct spectroscopic observation of chemical reaction
occurring at the interface. For the PE/starch blend system containing m-PE, the
chemical reaction at the interface was verified by the evolution of ester and carboxyl
groups in the FTIR spectra. The effect of the reactive compatibilizer on the interfacial
morphology was also examined by scanning electron micrography (SEM). Enhanced
interfacial adhesion was clearly observed for the blend system containing reactive
compatibilizer. Tensile strengths of blend systems containing m-PE also increased
noticeably compared with the corresponding system without compatibilizer. A similar
observation was made for the breaking elongation data. © 2002 John Wiley & Sons, Inc. J
Appl Polym Sci 83: 767-776, 2002

Key words: maleated polyethylene (m-PE); interfacial adhesion; polyethylene;
starch; maleic anhydride

INTRODUCTION

Recently, a great deal of attention has been paid
to the application of biodegradable polymers, such
as starch, lignin, cellulose, gluten, and chitin, and
its derivatives to replace the conventional petro-
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leum-based plastics that cause significant envi-
ronmental problem because of their nonbiode-
gradability.! Because polyethylene (PE) is one of
the most extensively produced nondegradable
polymer and various types of PEs are used exten-
sively in many fields, including agricultural and
food-packaging films,? there has been an in-
creased interest in enhancing the biodegradabil-
ity of PEs by blending them with a cheap natural
biopolymer.?
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Starch that shows a high biodegradation rate is
a blend of amylose and amylopectin, both of which
are polysaccharides composed of a-D-glucopyrano-
syl units, (CgH;,05),.* Ever since Griffin®" used
granular starch as a filler in PE to enhance the
biodegradability of the PE blend system, many
studies have been focused on the increase of the
mechanical properties and processibility of the
starch/polyolefin blend system. On adding hydro-
philic starch, tensile strength and breaking elon-
gation of the PE blend decreases significantly be-
cause of poor interfacial adhesion strength. The
processibility of PE/starch blend also deterio-
rates. These problems have been somewhat re-
solved by adding a compatibilizer, which
strengthens the interfacial adhesion by reacting
with the granular starch.

Using poly(ethylene-co-acrylic acid) (EAA) as
compatibilizer in the presence of urea and hy-
droxide, Otey and Westoff®'° obtained a PE/
starch blend film containing a high amount of
starch (40-50%). The carboxyl group on EAA was
known to form hydrogen bonding with the hy-
droxyl group on starch, resulting in helical V-type
complexes.!™1% However, those blend systems re-
quire high amounts of EAA to achieve reasonable
mechanical properties and the biodegradation
rate was known to decrease noticeably.'* Accord-
ing to the work of Panayiotou,'® compatibility
between low-density polyethylene (LDPE) and
plasticized starch could be increased with a rela-
tively small amount of maleated polyethylene (m-
PE), and the resultant blend system still showed
good biodegradability. However, there are still
limited number of studies to clarify the exact na-
ture of interfacial adhesion mechanism of PE/
starch blend system containing m-PE as a reac-
tive compatibilizer.

In this work, direct observation of the interfa-
cial reaction was made by Fourier transform in-
frared (FTIR) spectroscopy for the PE/starch
blend system containing m-PE as a compatibi-
lizer. The morphology and mechanical properties
of the blend system used were correlated with the
FTIR spectroscopy results.

EXPERIMENTAL

Sample

Commercial-grade polyethylene (PE) and corn
starch were obtained from Han Yang Chemical
Corp. (LLDPE, model 2558, MI; 5.0 g/10 min at
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Figure 1 Composition diagram of PE/m-PE/starch
blend samples. Key: (@) series one: (A) series two; (m)
series three.

190 °C) and Sam Yang Genex (model CO020) in
Korea, respectively. Two different maleated poly-
ethylenes, m-PE30 (Ho Nam Petrochemical Corp,
model ES-300, MI; 0.3 g/10 min at 190 "C) and
m-PEO3 (Ho Nam Petrochemical Corp, model
EM-510M, MI; 0.7 g/10 min at 190 "C), were used.
m-PEO3 contains 0.3 wt % maleic anhydride
(MAH) on LLDPE and m-PE30 contains 3.0 wt %
MAH on HDPE. Blend compositions of the sam-
ples used in this study are shown in Figure 1.
Three different series of blend samples were pre-
pared containing 0, 5, and 10 wt % m-PEO03, re-
spectively. Samples in series one (shown with cir-
cles in Figure 1) containing no compatibilizer
were named LLDPE/starch samples, and those in
series two and three (displayed with triangles and
squares, respectively) were named LLDPE/m-PE
(5 %)/starch and LLDPE/m-PE (10 %)/starch, re-
spectively. In each series shown on the parallel
line along the LLDPE/starch axis, starch contents
were 0, 10, 20, 30, and 40 wt %.

Fourier Transform Infrared Spectroscopy (FTIR)

For FTIR spectroscopic measurement, m-PE was
melt pressed into a thin film with a Carver Hot
press (FRED S. CARVER Inc.; model 2697) at 170
°C. Thin films were then vacuum dried at 160 "C
for ~60 min. Granular starch was initially dried
in vacuum oven at 80 ‘C for >9 h to minimize the
moisture contents. After initial drying, starch
was then dissolved in purified water at 80 "C to
form ~5 % solution, and the solution was cast
onto a Teflon plate. The film was then dried in an
oven heated at 80 'C. To analyze the chemical
reaction at the interface with a FTIR spectroscope
(Nicolet, model; 520p), two films (m-PE and
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Figure 2 Interfacial chemical reaction of MAH and
OH.

starch) are manually pressed to each other be-
tween two KBr windows.

The main purpose of the FTIR experiment was
to measure the chemical reaction occurring at the
interface between MAH groups on m-PE and hy-
droxyl groups on starch. Because any moisture in
the spectrometer chamber may interfere with the
chemical reaction, all FTIR experiments were
done inside the vacuum-heating-cell that was spe-
cially designed for this experiment in this labora-
tory. With this vacuum-heating-cell, the samples
could be heated with the built-in cartridge heat-
ers while maintaining the vacuum state (<1073
Torr).

Morphology and Tensile Properties

All three components were vacuum dried at 90 'C
for ~8 h before blending. Blend samples were
prepared with Brabender (model Tlasti-Corder
PLV151) and HAAKE Rheomixer (model 600p) at
180 °C at 60 rpm for 10 min. After blending, thick
films of ~1-mm thickness were made by melt
pressing with a hot press (FRED S. CARVER Inc;
model 2697 ) at 170 “C. To observe the interfacial
morphology of blends, the specimen was frozen in
liquid nitrogen and immediately fractured. Sam-
ples were coated with a gold/palladium alloy and
the fracture surfaces were investigated by SEM
(HITACHI; S-4200).

Tensile strength and strain were measured ac-
cording to the ASTM D638 method using an uni-
versal testing machine (UTM; Hounsfield; model
H10K-S). Measurements were done at a cross-
head speed of 50 mm/min at room temperature
with the initial grip distance of 20 mm. More than
10 measurements were conducted for each sam-
ple, and the results were averaged to obtain a
mean value.

RESULTS AND DISCUSSION

The expected chemical reaction that might occur
at the m-PE/starch interface is shown schemati-

cally in Figure 2. If a MAH group grafted on PE
reacts with a hydroxyl group on starch, the anhy-
dride group will become an ester linkage and car-
boxyl group. Even though many works have been
reported on the improvement of interfacial adhe-
sion of blend samples using reactive compatibi-
lizer,'6723 direct observations of the chemical
reaction occurring at the interface have been
scarcely reported.

The carbonyl stretching region of the FTIR
spectrum of m-PEO3 is shown in Figure 3(a). As
expected, symmetrical and asymmetrical stretch-
ing vibration bands of anhydride groups are ob-
served at 1865 and 1780 cm !, respectively.?*
However, a strong band at 1710 cm™ ! is also
observed. This band is believed to be due to the
hydrolysis reaction of MAH group by H,O mole-
cules,?>%¢ as shown schematically in Figure 3(b),
during grafting of MAH onto PE or storage of
m-PE. Each hydrolysis of MAH group with a H,O
will generate two carboxyl groups.?”

The main purpose of this work is to verify the
chemical reaction between the MAH group on
m-PE and the hydroxyl group on starch at the
interface, as shown in Figure 2. Because excess
existence of the hydrolyzed state of MAH will
hinder direct observation of the chemical reaction
at the interface, it was necessary to dehydrolyze
the carboxyl groups (hydrolyzed states of MAH
groups) before the interfacial reaction.

To verify the dehydration process shown in
Figure 3(b), m-PE30 film was initially heated to
160 °C and then maintained at that temperature
for 60 min using the vacuum-heating-cell, which

(a)
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Wavenumber({cm)

Hydrolysis

MAH Dehydration in vacuum
(b)

Figure 3 (a) FTIR spectrum of m-PEO3 at room tem-
perature. (b) Reversible chemical reaction process of
MAH & acid.
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Figure 4 (a) FTIR spectra of m-PE30 as a function of temperature and time (Acid —
MAH conversion). (b) Absorbance change of 1710 cm ™! (A) and 1780 cm™ (V) bands as
a function of temperature. (c) Absorbance change of 1780 cm ™! band during isothermal

treatment at 160 °C.

provided vacuum state (<10 2 Torr) during the
entire process. In Figure 4(a), carbonyl stretching
regions of FTIR spectra obtained during heating
and isothermal heat treatment processes are
shown. Absorbance changes of asymmetric
stretching vibration of MAH groups (1780 cm ™ ')
and of carboxyl groups as a function of tempera-
ture are shown in Figure 4(b). The absorbance
change of the 1780 cm ™! band during isothermal
treatment at 160 "C is shown in Figure 4(c) as a
function of time.

It is clear from Figure 4(b) that the intensity of
carboxyl groups decreases slowly up to ~110 °C
and then is followed by the sudden decrease on
further heating. The results in Figure 4 indicate
that the dehydration process seems to be com-
pleted by vacuum drying at 160 “C for ~60 min. It
is to be noted that the DSC thermogram of m-
PE30 showed endothermic melting transition
starting at ~110 "C (data not shown) This result
indicates that the dehydration process can be sig-
nificantly facilitated by the melting transition of
the crystalline material. The sudden decrease of

carboxylic acid content may be interpreted in
terms of two different reasons. The first reason is
the melting transition of the crystalline region.
Even though it is unreasonable to contain car-
boxyl groups in the crystalline lattice of PE by
co-crystallization of ethylene and carboxyl
groups, the carboxyl groups acting as points de-
fects may be surrounded by the crystalline lattice.
Because the dehydration process shown in Figure
3(b) should be accompanied by the removal of the
water molecules out of the crystalline lattice, the
dehydration process will be significantly hindered
by the crystalline portions surrounding the lattice
defects. A second possible reason for the sudden
decrease of carboxylic acid content at ~110 °C is a
viscosity decrease of the amorphous matrix. De-
creased viscosity is expected to facilitate the dif-
fusion of the water molecule out of the matrix.
The exact contribution of two possible reasons is
not clear at this stage. However, the sudden de-
crease at the starting of the melting transition
seems to indicate that most of carboxyl groups are
surrounded by the crystalline lattices. The viscos-
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ity of amorphous matrix should decrease gradu-
ally on heating. If the viscosity decrease might be
the major factor, the decrease of carboxylic acid
content is expected to decrease linearly, not
abruptly at a certain temperature.

Because almost all hydrolyzed states (carboxy-
lic acid forms) of anhydride groups were verified
to be converted into dehydrolyzed state (MAH
forms) by thermal treatment under vacuum, it is
now possible to check the chemical reaction be-
tween MAH on m-PE and hydroxyl groups on
starch by the FTIR method. Before attempting to
make direct observation of the reaction between
m-PE and starch, two preliminary tests were per-
formed.

The dehydrolyzed m-PE was heated again up
to 170 'C and maintained at that temperature for
~1 h to check the chemical stability of the MAH
group under the reaction condition that will be
used for the interfacial reaction of m-PE with
starch. FTIR spectra (not shown) obtained during
heating under vacuum showed neither a carbox-
ylic acid band near 1710 cm’* nor an ester band at
1730 cm ™ !. Furthermore, the carbonyl stretching
region of the FTIR spectrum obtained at 170 °C
under vacuum is practically identical with that of
dehydrolyzed m-PE at room temperature. This
result indicates that MAH groups retain their
chemical structure in the temperature range
studied if treated under vacuum. However, if the
thermal treatment is performed at an atmo-
spheric pressure, a significant amount of MAH
groups were converted into carboxylic acid forms
(data not shown).

The reactivity of MAH with hydroxyl group was
initially measured with m-PE30 and hydroxyl-ter-
minated poly(tetramethylene oxide) (PTMO) with
molecular mass of 2500 g/mol. Because PTMO is
low molecular mass material, the chemical reaction,
if it occurs, could be observed within a relatively
short period of reaction time because of the low
viscosity of PTMO. Before using, it was vacuum
dried at 80 ‘C for at least 12 h to remove water
molecules dissolved in PTMO. Thin films of dehy-
drolyzed m-PE30 and PTMO were manually com-
pressed to each other using two KBr plates, and the
specimen was inserted into the vacuum-heating-
cell.

In Figure 5, FTIR spectra obtained during
heating from 30 to 170 ‘C (Figure 5(a)) and iso-
thermal treatment at 170 'C (Figure 5(b)) are
shown. It is noted that all spectra in Figure 5
were obtained under vacuum. With each set of
FTIR spectra, the absorbance change of carbonyl

stretching band of MAH/ester groups are also
shown either as a function of temperature (Figure
5(a)) or as a function of isothermal treatment time
at 170 "C (Figure 5(b)). As expected from Figure 2,
the chemical reaction between anhydride and hy-
droxyl group could be verified by the decrease of
anhydride group content and also by the increase
of ester and carboxylic acid content. On heating
the m-PE30/PTMO two-layer film from 30 to
~120 ‘C under vacuum, the absorbance of car-
bonyl stretching band of MAH group at 1780
cm ! seems to decrease slowly. Its decreasing
rate is increased on further heating to 170 'C, as
shown in the lower figure in Figure 5(a). How-
ever, the absorbances at 1730 and 1710 cm ™},
corresponding to carbonyl stretching band of es-
ter and acid groups, respectively, is only observed
through the slight increase of base line. In Figure
5(b), FTIR spectra obtained during isothermal
heat treatment at 170 'C are plotted with the
same base line to show clearly the absorbance
change as a function of time. The absorbance of
the 1730 cm ™! band is gradually increased at the
expense of that at 1780 cm ™ '. The absorbance
change of those two bands appears to persist up to
2 h, as shown in the lower figure in Figure 5(b).
This result undoubtedly shows that the interfa-
cial reaction between anhydride and hydroxyl
group can be directly observed by FTIR spectros-
copy.

It is worth noting that the chemical reaction
between m-PE and PTMO only shows appreciable
increase of ester group absorbance at 1730 cm !
without any significant increase of carboxyl group
absorbance at 1710 cm ™ !. By comparing two FTIR
spectra in Figures 3 and 5(b), the difference be-
tween two (ester and acid) absorption frequencies
might be easily noted. Reaction of an anhydride
group with a hydroxyl group will form an ester
and a carboxylic acid groups. Because the mobil-
ity of PTMO is relatively high, the carboxyl group
formed appears to further react with the remain-
ing hydroxyl group, resulting in the negligible
absorbance around 1710 cm ™ !. Based on these
results, it can be concluded that the reactivity of
MAH with hydroxyl groups is relatively high at
~170 °C, provided that the mobility of hydroxyl
group is sufficient.

The reactivity of anhydride group grafted on
m-PEO3 and the hydroxyl group on starch was
also characterized by FTIR spectroscopy. Three
FTIR spectra are shown in Figure 6. The FTIR
spectrum of dehydrated m-PE03, shown in Figure
6(a), shows very low absorbance of the ester band
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Figure 5 FTIR spectra of m-PE30/PTMO two-layer film as a function of (a) temper-
ature and (b) isothermal heat treatment time at 170 °C.

and negligible absorbance of the carboxylic acid
band. After FTIR measurement, the same
m-PEO3 film was placed on top of a thin film of
starch and compressed manually between two
KBr plates. The two-layer specimen was then
heated treated at 160 "C under vacuum. Figures
6(b) and (c) are FTIR spectra obtained after 2 and
3 h of isothermal heat treatment, respectively.
Even though the absorbances of ester and acid
bands at 1730 and 1710 cm !, respectively, are
not very high, the two absorbances are noticeably
increased compared with those in the spectrum
shown in Figure 6(a). It is to be noted that starch
does not show any absorption band at those fre-
quency ranges. Therefore, any absorbance in-
creases at 1730 and 1710 cm ™ * should be indica-
tive of the chemical reaction between anhydride
on m-PE and hydroxyl groups on starch. The fact
that the absorbances of the 1780 cm ™' band of the
spectra in Figures 6(b) and 6(c) are appreciably
lower than the corresponding one of Figure 6(a)

further confirms the occurrence of the interfacial
adhesion reaction.

Comparing the results in Figure 6 with those
in Figure 5, two main differences can be easily
observed. Even though interfacial reaction be-
tween m-PE and PTMO tends to generate ester
functional group without any significant content
of carboxyl groups, the corresponding one be-
tween m-PE and starch seems to make a similar
amount of ester and carboxyl groups. Further-
more, the interfacial reaction with starch appears
to take a longer time than that with PTMO. Both
differences might be understood in terms of the
viscosity difference between PTMO and starch. At
the isothermal reaction temperature, low molec-
ular weight PTMO is virtually a viscose liquid,
whereas starch remains as a solid state. Because
of the high mobility of PTMO in the viscose liquid
state, the carboxyl groups formed from reaction of
anhydride group with hydroxyl group of PTMO
have enough chance to further react with the
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Figure 6 FTIR spectra of (a) m-PE03 after the dehy-
dration process and (b) and (c) m-PEO3/starch two-
layer film after heat treatment for 2 and 3 h, respec-
tively.

remaining hydroxyl groups to form another ester
linkage.

Bikiaris and Panayiotou®® also studied the in-
terfacial chemical reaction between MAH on m-
PE and hydroxyl groups in plasticized starch
(granular starch + glycerol; PLST) by FTIR spec-
troscopy. Using LDPE/m-PE/PLST blends, they
observed one broad carbonyl stretching IR band,
which seems to be an overlapping band of 1728
and 1709 cm ! bands. Based on that result, they
reported the formation of the ester and carboxyl
groups through the interfacial reaction between
MAH of m-PE and hydroxyl groups on PLST. As
pointed out in Figures 5 and 6, the chemical re-
action of MAH on m-PE with hydroxyl group was
significantly facilitated if the viscosity of one com-
ponent is low. Because the PLST has hydroxyl-
group-containing glycerol component of very low
viscosity, the chemical reaction between MAH
and hydroxyl groups appeared to have occurred
mainly through glycerol, not through starch.

It is important to characterize the interfacial
morphology to understand the mechanical prop-
erties for the immiscible blend systems.? For the
blend system used in this study, the major com-

ponent will be the PE matrix and the minor com-
ponent will form dispersed phases. To see the
interfacial structure between the matrix and dis-
persed phase, SEM microphotographs of fracture
surface were obtained and are presented in Fig-
ure 7. Figures 7(a) and (b) are, respectively, SEM
micrographs of LLDPE (80 wt %)/starch (20 wt %)
blend and LLDPE (90 wt %)/starch (10 wt %)
blend containing no reactive compatibilizer. As
seen from Figure 7(a), many dispersed starch
phases were removed from the fracture surface,
presumably because of the weak interfacial adhe-
sion between the matrix and dispersed phases.
For most of the starch particles still remaining at
the fracture surface, the starch phases appear to
be practically separated from the matrix, as
shown in the enlarged figure, Figure 7(b). The
fracture surface of LLDPE (60 wt %)/m-PE03 (30
wt %)/starch (10 wt %) in Figure 7(c) shows no
sign of interfacial failure. Almost all starch par-
ticles remain on the surface. This fact indicates
that the interfacial adhesion of blend samples
containing reactive compatibilizer is appreciably
improved by the interfacial chemical reaction.
The effect of the reactive compatibilizer might be
also reconfirmed from the results in the enlarged
micrograph in Figure 7(d). Similar observations
were also made from other blend systems with
different blend compositions.

The increased interfacial adhesion for the
blend system containing reactive compatibilizer,
m-PE, is believed to be due to the chemical reac-
tion of MAH group with hydroxyl group on starch
at the interface. It is not clear at this moment how
the reactive compatibilizer is exactly distributed
in the blends system. Even though some of the
compatibilizer appears to be situated at the inter-
face between the PE matrix and starch dispersed
phases, thus enhancing the interfacial adhesion,
some might be included in the PE matrix. If some
fractions of m-PE form micellar domains in the
PE matrix, those will not contribute to the im-
provement of the interfacial adhesion strength.
Furthermore, such a micellar structure might de-
teriorate the mechanical properties of the blend
system. More experimental observations have to
be made to clarify the exact distribution of m-PE
and to optimize the composition of each compo-
nent in the blend system.

Mechanical properties were measured for the
three blend series denoted in Figure 1. Series
one, two, and three contain 0, 5, and 10 wt %
reactive compatibilizer, m-PEO03, respectively.
Tensile strength and elongation at break values
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Figure 7 SEM micrographs of LLDPE/starch and LLDPE/m-PE03/starch blends: (a)
LLDPE (80 %)/starch (20%); X600; (b) LLDPE (90 %)/starch (10%); xX15,000; (c) LLDPE
(60%)/m-PE (30%)/starch (10%); x600; (d) LLDPE (60%)/m-PE(30%)/starch(10%);

X15,000.

are plotted as a function of starch content for all
three series in Figure 8. LLDPE used in this
study showed ~21.8 MPa tensile strength and
826% breaking elongation. On adding starch to
LLDPE, tensile strength and breaking elonga-
tion were reduced for all blend series, regard-
less of the existence of reactive compatibilizer.
This general phenomenon is because of the
presence of starch that does not contribute to
the mechanical properties of the blends and has
been observed in many studies. However, the
main purpose of this work is to test the effect of
reactive compatibilizer on the mechanical prop-
erties of LLDPE/starch blends.

It is to be noted that for samples with 0 %
starch content, the tensile strength and break-
ing elongation are somewhat decreased as the
compatibilizer is added. This fact indicates that
m-PE itself might deteriorate the mechanical

properties of matrix PE. Upon adding com-
patibilizer to LLDPE/starch blends, breaking
strength is noticeably increased for the blends
samples containing starch up to 40 wt %. The
enhanced breaking strength of the samples
studied is believed to be due to the interfacial
adhesion reaction between anhydride group on
m-PE and hydroxyl group on starch. Breaking
elongations of the blend samples containing 5
wt % m-PE are also noticeably enhanced com-
pared with the corresponding blend series with-
out compatibilizer. However, the breaking elon-
gations of samples with 40% starch are very
low, regardless of the existence of reactive
compatibilizer. At this composition, LLDPE, as
a matrix, seems to lose its continuity. Even
though series three samples show somewhat
scattered breaking elongation results, the gen-
eral tendency appears to be maintained.
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CONCLUSIONS

Interfacial adhesion reaction of LLDPE and
starch using m-PE was directly characterized by
FTIR spectroscopy. Significant amounts of anhy-
dride groups on m-PE exist as hydrolyzed states
forming carboxyl groups. Using a vacuum-heat-
cell designed in our laboratory, all carboxyl
groups on m-PE were successfully transformed
into the dehydrolyzed states, providing a route for
the direct FTIR spectroscopy observation of the
interfacial adhesion reaction.

The reactivity of anhydride groups with hy-
droxyl groups was initially tested with m-PE and
hydroxyl-terminated PTMO, which has high mo-
bility due to its low molecular weight. On heating
the m-PE and PTMO samples up to 170 'C and
maintaining at that temperature for 2 h, the in-
terfacial adhesion reaction was directly verified
from the formation of ester functional group.

The interfacial adhesion reaction between m-
PE and starch was also successfully verified.
Even though the reaction occurs only at the in-
terface, the ester and carboxyl groups were un-
ambiguously observed by FTIR spectroscopy. This
fact that the adhesion reaction occurs at the in-
terface suggests that the blend system containing
reactive compatibilizer will show improved blend
morphology and mechanical properties compared
with the corresponding blend system without
compatibilizer.

The effect of reactive compatibilizer on the
blend morphology was examined from the frac-

ture surface by SEM. On fracturing the blend
samples without reactive compatibilizer, many
dispersed starch phased were detached, leaving
smooth-surfaced cavities. However, all starch
phases remained on the fracture surface for the
blend samples containing reactive compatibilizer.
This result supports the enhanced adhesion
through the interfacial chemical reaction between
anhydride group on m-PE and hydroxyl group on
starch.

Mechanical properties were measured to corre-
late the interfacial adhesion reaction with the
ultimate tensile properties. It was found that for
LLDPE/starch blend samples studied, breaking
strength was noticeably enhanced on adding re-
active compatibilizer. A similar observation has
been made for the breaking elongation.

This work was supported by grant No. 1999-2-308-
004-3 from the interdisciplinary research program of
the KOSEF.
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