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Most polymer blends are immiscible and need to be compatibilized. Compatibilization can
be accomplished either by addition of a compatibilizer or by reactive processing.
Grafting has been the most common method for compatibilizing two immiscible

polymers during reactive processing. In this work, the reactive blending of EPDM (ethyl-
ene-propylene-diene monomer) rubber and SAN (styrene-acrylonitrile) copolymer was
studied. The blends were prepared in an internal mixer with three types of organic per-
oxides as initiator. The effects of initiator type and concentration, EPDM content, and
mixing sequences of components were investigated. Blends were separated to their
structural components (i.e., SAN, EDPEM, SAN-g-EPDM, and gelled EPDM) which
were then characterized by FTIR spectroscopy and SEM microscopy techniques.
Mechanical properties including tensile and impact strength as well as elongation-at-
break were measured. From the three initiators used, the blends which have 2,5-
dimethyl-2,5-di-(t-butyl peroxy) hexane as initiator show better mechanical properties.
Also, SEM studies reveal a good compatibility for SAN/EPDM blends using this initiator.
The blend using 40 wt% of EPDM of  the mentioned initiator  contains 16.24 wt%  SAN-
g-EPDM. Impact strength of the blends was affected by mixing sequences of the com-
ponents. The Blends prepared by mixing sequences of SAN/initiator/EPDM show the
highest impact strength of the order of 45 J/m.

INTRODUCTION

The acrylonitrile-butadiene-styrene
(ABS) polymer is one of the most
commonly used engineering plas-
tics [1]. However, its poor heat
resistance and weatherability limits
the outdoor use of the material and
its blends.

Among the several attempts
made to improve the performance
of ABS, substitution of butadiene

with the ethylene-propylene-diene
terpolymer (EPDM) has been wide-
ly investigated [2-9]. Because of
different polarity, compatibilization
of the components is however diffi-
cult. SAN-g-EPDM is usually pre-
pared by the solution method [4-6].
In this method, EPDM is usually
dissolved in a solvent and then
styrene and acrylonitrile with BPO
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as an initiator are added [4,6] or in another method,
SAN and EPDM or EPMMA solutions are prepared sep-
arately by dissolving them in a solvent, then the solu-
tions are mixed with high speed stirring [5]. 

Organic peroxides act as free radical sources. Their
thermal decomposition generates very active peroxy
free radicals capable of abstracting hydrogen atoms
from the polymer backbone, particularly for polymers
containing aliphatic CH2 units. The macro radicals can
then recombine to create branching and cross-linking.

The environmental disadvantages, the need for
removal of solvent residues from the blends and also the
cost, have been made researchers to do various attempts
towards the preparation of SAN/EPDM blends without
the use of solvent. In this work, for the first time,
attempts have been made on the preparation of the dry
blends based on EPDM and SAN by reactive process-
ing in an intensive mixer with the aid of three types of
peroxide initiators. SAN-g-EPDM which is produced
by solution methods is a pure SAN-g-EPDM with
above mentioned drawbacks. While, the method of melt
blending produces SAN/EPDM blend not by pure graft
but it is a compatibilized system with no need to any
further treatment. Depending on the ratio of SAN and
EPDM, the blends may show rubber-toughened ther-
moplastic or thermoplastic elastomer (TPE) properties.
The structure changes and characterization of the
blends were studied by FTIR spectroscopy and SEM
microscopy techniques, respectively. Mechanical prop-

erties of the blends were also measured. 

EXPERIMENAL

Materials
The specifications of EPDM, SAN, and the initiators used
in this work are given in Tables 1 and 2, respectively.

Blend Preparation
SAN was dried under vacuum at 80°C for at least 12 h
before blending. The polymers were blended in an inter-
nal mixer at 175°C and 60 rpm for 15 min. Mixing was
stopped after torque stabilization. For the reactive
blending of SAN and EPDM by reactive processing
with peroxide initiators, the type and the amount of ini-
tiator, weight ratio of SAN/EPDM, and mixing
sequences were systematically changed according to
experimental series 1-7 are given in Table 3. Other
parameters such as mixing conditions, speed of mixing
and reaction temperature were kept constant. 

Graft Formation
The compatibility of SAN/EPDM blends can be
improved by free radical grafting of SAN onto EPDM.
SAN-g-EPDM copolymer is formed during the reactive
blending. It is also well established [10] that under these
conditions SAN degradation occurs mostly by decom-
position of the styrene sequences which are usually
abundant. Chiantore et al. [11] have showed that the

(*) Ethylene Norbornene

EPDM Ethylene (wt%) ENB* (wt%) Mooney viscosity (125°C)
Keltan (2340A) DSM Co. 53 6 25
SAN AN (wt%) Reduced viscosity (Sp. grav./conc.)
APH Tabriz Petrochemical Co. 28 0.59 ~ 0.63

Table 1. Specifications of EPDM and SAN.

Table 2. Specifications of the initiators.

No. Initiators Formula Half life at 175°C (s) MW (g/mol)

1 2,5-Dimethyl-2,5-di-(t-butyl peroxy) hexane
(luperco 101X L, Elf Atochem)

C16H34O4 108 290.4

2 Di-cumyl peroxide (DCP) C18H22O2 78 270.4

3 Tert-butyl cumyl peroxide (Bcup) with purity
of 0.96 (peroxide-chemie GmbH, Germany)

C12H20O2 149 208.3



decomposition of SAN copolymer is different in the
presence of EPDM (Scheme I). In particular, as the
amount of styrene moiety decreases in pure SAN com-
pared to the blend mixture, the degradation processes on
acrylonitrile sequences increases. When EPDM is pres-
ent in the system, chain transfer reaction between two
different polymers will hinder the SAN depolymeriza-
tion. High temperatures of the internal mixer would
inevitably cause decomposition of peroxide initiator
(Scheme II, eqn a) and at the same time some decompo-
sition of polymers will take place (Scheme II, eqn b).
Further, the chemical bonding of graft copolymer
(Scheme III) or cross-linked structure will be formed.

Graft Separation
The prepared SAN/EPDM blend was separated in to
several components. The components were SAN-g-
EPDM, unreacted SAN, unreacted EPDM, and gel. The
pure SAN-g-EPDM copolymer was isolated by acetone
in a Soxhlet extractor by successive extraction for 24 h

[5]. The unreacted SAN was extracted by ethyl methyl
ketone (EMK) and the EPDM by hexane. The remaining
part of the blend was considered as the gel content.

Characterization
FTIR Measurements
The structure change was studied by FTIR spectroscopy
technique. Fourier transform infrared spectroscopy
(FTIR) of SAN, EPDM, and extracted graft copolymer
was recorded on an FTIR spectrometer (Bruker,
EQUINOX 55, Germany) using compression moulded
thin film samples.

Morphological Observations
SEM microscopy technique was employed to character-
ize the blends. The morphology of the fractured speci-
mens was observed using a Cambridge S360 Stereoscan
electron microscope. The cryogenic specimens were
dipped in liquid nitrogen for about 5 min and immedi-
ately fractured. For better observation, the fractured
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Scheme I. Decomposition of SAN in the presence of EPDM.
Scheme II. Thermo-oxidative degradation mechanism of
EPDM.
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Expt. Series EPDM (wt%) Initiator No. Initiator (phr) Mixing sequence
1 20, 40, 60, or 80 1 1 EPDM/SAN/Initiator
2 20, 40, 60, or 80 2 1 EPDM/SAN/Initiator
3 20, 40, 60, or 80 3 1 EPDM/SAN/Initiator
4 40 1, 2, 3 1 EPDM/SAN/Initiator
5 40 1, 2, 3 2 EPDM/SAN/Initiator
6 40 1, 2, 3 3 EPDM/SAN/Initiator
7 20, 40, 60, or 80 1 1 SAN/Initiator/EPDM

Table 3. Blends preparation conditions.
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specimens were etched selectively by immersion in
hexane to remove the EPDM phase and coated with gold
before viewing to avoid charging. 

Mechanical Properties
Mechanical properties were carried out on the compres-
sion moulded specimens according to ASTM D-638.
The testing was performed using an Instron tensile test-
ing machine (model 6025) with a cross-head speed of
50 mm/min at room temperature.

The Izod notched impact tests on the specimens
were carried out with a pendulum-type impact tester

(zwick, 5102, Germany) at room temperature. At least
five runs were made to report the average.

RESULTS AND DISCUSSION

The FTIR spectra of AES, SAN, and EPDM are shown
in Figure 1. For EPDM an absorption band is appeared
at 724 cm-1 which is attributed to -CH2 stretching. Also,
C-CH3 stretching vibration can be observed at 1372 cm-1.
For SAN the characteristic peak of -CN group is
appeared at 2237 cm-1. SAN-g-EPDM copolymer shows
characteristic vibrations of SAN and EPDM polymers in
all examined blends. A new vibration at 1731cm-1 is also
noticed which is assumed to carbonyl groups that are the
results of some oxidative degradation [8,12,13].

Effect of Initiator Type on Blend Properties
It is well known that mechanical properties of blends
depend on degree of dispersion, size of domains, num-
ber of phases, and interfacial adhesion. The compatibi-
lization aims are [14]: 

1. Reducing the interfacial tension which produces
finer dispersion.

2. Stabilizing the morphology against thermal or shear
effects during the processing steps. 

3. Providing interfacial adhesion in the solid state. 
It is obvious that any initiator cannot essentially act as a
good grafting agent. Although, choosing initiators is
according to their half life at different temperatures, the
range of blending temperatures, and times, however, the
main difference of the initiators used in this work is their
active oxygen content. Active oxygen content of the ini-
tiators used in this work is shown in Table 4. As it can
be seen, the active oxygen content of the initiator No. 1
is higher than those of No. 2 and No. 3. Hence it is
expected that the amount of graft formation for this ini-
tiator should be higher than the other two.

The effect of initiator type on the mechanical prop-
erties of the blends is shown in Figures 2a-2c, 3a-3c, and
4a-4c. In each Figure three curves are depicted, which cor-
respond to SAN/EPDM/initiator (one of them at 1 phr);
SAN/EPDM; and the curve obtained based on mixing
rule. As it is expected, the simple SAN/EPDM blend
curve shows a negative deviation from the curve of mix-
ing rule. By adding the initiators the deviation is
reduced due to better compatibility. However, this is

Scheme III. Grafting reaction of SAN onto EPDM.
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Figure 1. FTIR Spectra of extracted SAN, EPDM, and EPDM-
g-SAN polymers.  
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more evident with the blend containing the initiator
No.1 (Figures 2a-2c). This indicates that a better com-
patibility and an improved interfacial adhesion between
the blend components are achieved when the initiator
No.1 is used.

Figures 2a and 2b show stress-at-break and strain-at-
break of the blends prepared by the initiator No.1 at dif-
ferent EPDM content. Stress-at-break for
SAN/EPDM/initiator (No. 1) blends is more than that of
simple blend. But strain-at-break shows no significant
difference. This probably means that SAN has not
played any role in elongation, and failure occurred in
interfacial phase.

Mechanical properties of the blends containing ini-
tiators No.2 and No.3 are lower than that of the simple
blend (Figures 3a-3c and 4a-4c). This can be explained
by poor stability of the primary peroxy radicals of these
initiators, resulting in their rapid consumption by EPDM
phase and formation of a gelled EPDM. This is because
of higher tendency of EPDM for cross-linking in com-
petition with grafting reaction. As a result, the graft con-
tent of the blend is greatly reduced and hence, the
mechanical properties. It is worth mentioning that for-
mation of EPDM gel is a drawback in the dry blend
method using initiator which causes deterioration of the
mechanical properties of the blends, although the type
of initiator (e.g., No.1) plays an important role in
enhancement of the properties.

Figures 2c, 3c, and 4c show energy-at-break for the
blends prepared by the initiators No.1-3 at various
EPDM contents, respectively. As it is evident, at 80 wt%
EPDM, with all the initiators, a significant increase in
toughness is observed compared to the simple blend.
This may be explained by the fact that according to Wu's
classification [16,17] SAN should be classified as a brit-
tle polymer under ordinary conditions. SAN/rubber
blends tend to fail by crazing or mixed crazing and

yielding [16]. Some authors have suggested that
bimodal-size (i.e., mixtures of distinctly large and
small) rubber particles have a pronounced synergistic
toughening effect on SAN [18,19]. Thus, one can con-
clude that the mechanism of toughening in crazes may

No Initiators Active oxygen
(%)

1 2,5-Dimethyl-2,5-di-(t-butyl
peroxy hexane) 11.02

2 Di-cumyl peroxide 5.92

3 Tert-butyl cumyl peroxide 7.68

Table 4. Active oxygen content of the initiators used [15].

Figure 2. Mechanical properties of SAN/EPDM blends: (a)
stress-at-break, (b) strain-at-break, and (c) energy-at-break
with initiator No. 1. 

(a)

(b)

(c)
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be terminated at shear bands that are initiated by individ-
ual, small particles or by mutual termination of several
crazes where the relative rubber concentration is high [20].

In order to provide further explanation for the
improved mechanical properties of the blend obtained

with the initiator No.1, the blend morphology is charac-
terized by scanning electron microscopy (SEM). For
comparison, a non-compatibilized SAN/EPDM blend is
used. The SEM micrographs of simple SAN/EPDM
blend and the blends prepared with the three initiators at

Figure 3. Mechanical properties of SAN/EPDM blends: (a)
stress-at-break, (b) strain-at-break, and (c) energy-at-break
with initiator No. 2. 

(a)

(b)

(c)
Figure 4. Mechanical properties of SAN/EPDM blends: (a)
stress-at-break, (b) strain-at-break, and (c) energy-at-break
with initiator No. 3. 

(a)

(b)

(c)
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level of 1phr are shown in Figure 5a-5d, respectively. As
it is observed the micrograph of the non-compatibilized
simple blend (Figure 5a) exhibits a coarse structure with
large domain sizes. In all micrographs there are micro
voids, which are depicted as large white areas. These
micro voids apparently result from EPDM inclusions,
which have been pulled out during sample preparation,
i.e., either during slicing of the sample or staining with
OsO4. In any case, the presence of micro voids reveals
low interfacial adhesion. Micro voids are present even
in the compatibilized blends in which the improved
mechanical properties are observed. Therefore, it can be
concluded that even for the blend with initiator No.1, the
amount of the graft copolymer seems to be rather low.

Effect of Initiator Content
The concentration of initiator is an important factor
which can affect the mechanical properties of the blend.

In fact, when the initiator content increases, the gel and
graft contents both may be increased. However, the
effect on the gel content is very significant. In this work
the initiator level was selected at 1, 2 and 3 phr. In
Figures 6a and 6b are shown the effect of initiator con-
tent of various initiators on the mechanical properties
(stress- and strain-at-break) of the blends. From these
Figures, it can be concluded that the best mechanical
properties are obtained for the blend containing 1 phr of
initiator. Both stress- and strain-at-break of the blend
with 1 phr of initiator is higher than the simple blend. At
initiator level 2 and 3 phr, the blends show inferior
mechanical properties compared to the simple blend.
Although increasing the initiator concentration will give
more active centres, because of higher tendency, most of
them take part in gel formation. This is expected, as the
cross-linking reaction of EPDM phase is faster than the
grafting. The high gel content induces strong phase sepa-

Figure 5. SEM micrographs of SAN/EPDM blends with EPDM (20 wt%) and various initiators: (a) SAN/EPDM, (b) SAN/EPDM/ini-
tiator No. 1 (1phr), (c) SAN/EPDM/initiator No. 2 (1phr), and  (d) SAN/EPDM/initiator No. 3 (1phr) (Magnification × 2000).

(a)

(b)

(c)

(d)
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ration and in turn poor mechanical properties are obtained.
In Table 5 separation results for the blend containing

various level of the initiator No.1 at 40 wt% EPDM are
given. As can be seen, with increasing the initiator level,
the graft and gel contents are increased; however, this
increase is more evident for the gel content factor.

In Figure 7 are shown SEM micrographs of
SAN/EPDM blends at 40 wt% EPDM and different con-
centrations of the initiator No.1. As it is observed, the
major difference is the quality of phase dispersion. The
blend with 1 phr of the initiator shows a good phase dis-
persion and a smooth break surface (Figure 5b) while at
2 and 3 phr (Figures 7a and 7b, respectively) poor dis-
persion of the phases and a rough break surface with
cavities are evident. These are due to the fact that as
mentioned above cross-linking occurs more rapidly than
formation of graft with increasing the amount of initia-
tor and thus EPDM minor phase becomes more viscous

and less deformable, i.e., viscosity ratio, r, increases
significantly ( r = d / m, d : viscosity of dispersed
phase; m: viscosity of matrix). Consequently rubbery
domains size enlarges and distribution and rough sur-
face appears wood.

Effect of EPDM Content
To assess the effect of EPDM content of the blends on
stress-at-break ( B) and elongation-at-break ( B), EPDM
was used at 20, 40, 60, and 80 wt% at 1 phr initiator.
These levels were selected to give the blends properties
ranging from rubber-modified thermoplastics to thermo-
plastic elastomers. The results are listed in Table 6.

As shown in Table 6, at a low EPDM content, the
blends show a high tensile strength and a low elonga-
tion-at-break. These properties are typical of the rubber-
modified thermoplastic materials. With increasing rub-
ber content of the blend, elongation-at-break is signifi-

εσ

η
ηηηη

η

(a)

(b)
Figure 7. SEM micrograph of SAN/EPDM blends at different
concentrations of the initiator No.1: (a) 2 phr,  and (b) 3 phr
(Magnification × 2000).

Figure 6. Mechanical properties of SAN/EPDM blends: (a)
Stress-at-break and (b) Strain-at-break  (The No.0 exhibits the
blend without initiator).

(a)

(b)
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cantly increased while tensile strength is decreased. This
is characteristics of thermoplastic elastomers. These
results are in line with the morphological observations
(Figure 5) where at low concentration, the EPDM phase
is seen as spherical rubber particles dispersed in SAN
matrix. With increasing EPDM content, a rubber-parti-
cle network can be made which may be attributed to the
ductility and toughness of SAN/EPDM blends.

In Table 7 separation results are given for the blends
containing various levels of EPDM and 1phr of the ini-
tiator No.1. As it is expected, with increasing the EPDM
content from 20 to 40 wt%, the amount of the graft
formed is increased. This is because the number of
available active grafting sites increases, which promotes
the graft copolymerization [21]. Upon further increase
in EPDM content, the graft copolymerization decreases
(Table 7). This can be explained by the fact that increas-
ing EPDM content induces the cage effect and hence
increases the gel formation.

Effect of Mixing Sequence
To evaluate the effect of mixing sequences of the com-
ponents on the blend properties two series of experi-
ments, EPDM/SAN/Initiator (series 1) and
SAN/Initiator/EPDM (series 7) in Table 3 were carried
out. In Figure 8 stress-at-break and strain-at-break are
shown for SAN/EPDM blends prepared according to
experimental procedures described for series 1 and 7.

It is well known that the properties are determined

Table 5. Separation results for the blend containing 40 wt% EPDM and formed by using various
amounts of the initiator No.1.

Initiator content 
(phr)

Graft content 
(wt%)

Gel content 
(wt%)

Unreacted SAN
(wt%)

Unreacted EPDM
(wt%)

1 16.74 29.46 49.96 3.84

2 16.83 46.24 36.01 0.92

3 26.12 52.39 27.49 |«|0

EPDM content
(wt%)

Initiator 
No.

B

(MPa)
σ B

(%)
ε

20 1 18.03 2.25
40 1 9.98 2.39
60 1 3.74 4.88
80 1 1.85 42.39
20 2 9.73 1.48
40 2 7.053 2.21
60 2 2.67 3.09
80 2 0.66 47.71
20 3 12.21 2.10
40 3 1.39 2.24
60 3 3.74 4.99
80 3 0.96 37.05

Table 6. Effect of EPDM content on the mechanical properties
of the blends at 1 phr of initiator.

Figure 8. Mechanical properties of SAN/EPDM blends pre-
pared by series 1 and 7 procedures:  (a) stress-at-break and
(b) strain-at-break.

(a)

(b)
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by the matrix phase. At high content of SAN, there is no
significant difference between the mechanical proper-
ties of blends for series 1 and 7. With decreasing the
SAN content, the destruction effect of initiator on SAN
increases, as it is evident in DSC thermogram. Figure 9
shows the DSCs of SAN and SAN/initiator, indicating
reaction of initiator with SAN at about 180°C before
complete degradation of the polymer around 400°C.
Thus at high content of EPDM, properties of the blend
series 7 (direct contact between small content of SAN
and initiator) deteriorate compared to those of series 1
(Figures 8a and 8b). 

In Figure 10 impact strength results for series 1 and 7
blends are given. As it can be seen, the blends of series 7
show higher impact strength than the blends of series 1.
these can be attributed to following reaseons:

- Higher gelation and thus larger sizes of gelled rub-
bery domains (in series 1) at low content of EPDM

result in decrease of impact strength. Note that with
increasing the viscosity ratio, rubber droplet break-up is
much more difficult and the probability of particle coa-
lescence is more likely.

- Decomposition of SAN and hence smaller dispersed
thermoplastic phase as well as its plasticizing effect (in
series 7) at low content of SAN result in the increase of
impact strength. 

CONCLUSION

In the preparation of SAN/EPDM blends with peroxide
initiators by reactive blending, the cross-linking of the
EPDM phase is in competition with the grafting reaction
of SAN/EPDM. The mechanical properties of the blends
are henc affected and it can be optimized by careful
adaptation of the type and the content of initiator,
EPDM content, and mixing sequences. In fact, forma-
tion of in-situ AES graft copolymer reduces the interfa-
cial tension and particle coalescence and hence results in

Table 7. Separation results for the blends containing various levels of EPDM and 1phr of the
initiator No.1.

EPDM 
content

Graft content
(wt%)

Gel content 
(wt%)

Unreacted SAN
(wt%)

Unreacted EPDM 
(wt%)

20 13.26 31.03 54.11 1.6
40 16.24 29.46 49.96 3.84
60 13.05 38.12 24.72 24.11
80 11.92 40.5 8.57 30.01

Figure 9. DSC Diagrams of SAN and SAN/Initiator.
Figure 10. Impact strengths of the SAN/EPDM blends with ini-
tiator No.1 for series 1 and 7.
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smaller dispersed domains, while cross-linking has an
opposite effect.

From the three initiators used, the blends having 2,5-
dimethyl-2,5-di-(t-butyl peroxy) hexane as an initiator
show better mechanical properties. Also, SEM studies
reveal a good compatibility for SAN/EPDM blends pre-
pared by using this initiator. With increasing the initia-
tor level, gel content of the blend is increased which
reduces the mechanical properties. At 1 phr level of 2,5-
dimethyl-2,5-di-(t-butyl peroxy) hexane the mechanical
properties are superior. With increasing the EPDM con-
tent of the blend a brittle-to-tough transition occurs. The
toughening mechanism is reckoned to be the crazing ini-
tiation from rubber particles and shear deformation of
the SAN matrix. Impact strength of the blends was
affected by mixing sequences of the components.
Blends prepared by SAN/initiator/EPDM mixing
sequence showed higher impact strength than the others.
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