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ABSTRACT: The objective of this study is to examine the phase modification of styrene–
ethylene butylene–styrene (SEBS) block copolymer by different additives and its in-
fluence on morphology and mechanical, and dynamic mechanical properties. The addi-
tives chosen are the coumarone–indene (CI), phenol–formaldehyde (PF), paraffin
hydrocarbon (PAHY) resins, as well as aromatic oil (AO), polystyrene (PS), polypropyl-
ene (PP), ethylene vinyl acetate (EVA) (VA 28 and 45%), and ethylene propylene
diene monomer (EPDM) rubber. It is interesting to note that of all the additives, PP has
the most prominent effect. The mechanical properties of SEBS polymer are enhanced to
a large extent by PP. The value of tan d maximum of SEBS at both the low and the
high temperature transitions is decreased. All the resins and PS increase the storage
modulus and the tensile modulus of the SEBS polymer. CI resin and AO modify the
hard and soft phases of SEBS polymer. AO, EPDM rubber, and EVA lower the mechani-
cal strength of the SEBS polymer. The results are explained on the basis of morphology
studied with the help of scanning electron microscopy. q 1998 John Wiley & Sons, Inc.
J Appl Polym Sci 67: 2015–2025, 1998
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INTRODUCTION be processed with plastic processing equipment.
Among the thermoplastic elastomers, the triblock
copolymer is a special kind. Typical examples areThermoplastic elastomers form a new class of

polymeric materials that have large number of styrene–butadiene–styrene (SBS), styrene–iso-
prene–styrene (SIS), and styrene–ethylene bu-applications because of their unique combination

of mechanical properties and processability. Their tylene–styrene (SEBS) block copolymers.
The molecular structures can be tailor-made tomodulus level is comparable to that of the rein-

forced rubber vulcanizate at the use conditions, have a narrow molecular weight distribution in
which cover the range from the low temperature each block, and their typical properties are due
near the glass transition temperature of the rub- to the thermodynamic incompatibility of the two
bery component to the higher temperature ap- components in the solid state that leads to a mi-
proaching the melting or softening point of the crophase separation. Owing to this phenomenon,
plastic component. At the processing tempera- the material can be considered as an elastomeric
ture, they are in the melt state such that they can matrix physically vulcanized by the aggregation

of the polystyrene (PS) end blocks in spherical
domains, which also act as reinforcing filler. Usu-

Correspondence to: A. K. Bhowmick.
ally, polystyrene is a minor component and has

Journal of Applied Polymer Science, Vol. 67, 2015–2025 (1998)
q 1998 John Wiley & Sons, Inc. CCC 0021-8995/98/122015-11 spherical domains at low concentration.
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SEBS block copolymer has been chosen in the 2. It can go into the ethylene butylene (EB)
phase.present study. The properties of SEBS polymer

are quite different from that of SBS and SIS poly- 3. It can form a separate phase.
4. It can go into both the phases.mers in the sense that SEBS polymer is the hard-

est and most resistant to degradation1 amongst
the three. The reason for this is the fact that ethyl- The effects of the following additives have been
ene–butylene segments are most highly entan- investigated in this article: coumarone–indene
gled and so have the most effective crosslinks per (CI) resin, phenol–formaldehyde (PF) resin, par-
unit volume of the polymer, thus giving the SEBS affin hydrocarbon (PAHY) resin, aromatic oil
polymer the highest modulus.2 The major applica- (AO), PS, PP, ethylene propylene diene monomer
tions of SEBS are in adhesives, sealants, coatings, (EPDM) rubber, and ethylene vinyl acetate
the footwear industry, automotive parts, and wire (EVA) EVAR (45% VA) and EVATPE (28% VA).
insulation.3,4 Though there are reports on the
structure and properties of SEBS pure copolymer,
the influence of various additives on the mechani- EXPERIMENTAL
cal properties and morphology of SEBS have not
been studied.5,6 Recently, Ohlsson et al. made Materials Used
some studies on solid SEBS polypropylene (PP) –
oil blends.7,8 Earlier, Han et al. studied only the SEBS block copolymer, Kraton G1652, with spe-

cific gravity of 0.91 and styrene/ethylene–butyl-effect of different resins on the properties of SBS
and SIS block polymer.9,10 Different additives ene ratio of 70/30 was obtained from the Shell

Chemical Co., U.S.A. CI resin with melting pointadded to SEBS modify its properties. The addi-
tives added to SEBS polymer may have four possi- of 907C was obtained from Bengal Waterproof

Ltd., Calcutta, India. PF resin with melting pointbilities of distributing itself with respect to the
two phases of the polymer, as follows: of 1207C, PAHY resin with melting point of 857C,

and AO were obtained from Bata India Ltd., Bata-
nagar, India. PS with specific gravity of 0.90 was1. It can go into the PS phase.

Table I Formulation of Mixes

Mix No. SEBS CI PF PAHY AO PS PP EPDM EVATPE EVAR

S0 100
ACI-5 100 05
ACI-10 100 10
ACI-20 100 20
ACI-30 100 30
BPF-20 100 20
CPAHY-5 100 05
CPAHY-10 100 10
CPAHY-20 100 20
CPAHY-30 100 30
DAO-5 100 05
DAO-10 100 10
EPS-10 100 10
EPS-20 100 20
EPS-30 100 30
FPP-10 100 10
FPP-20 100 20
FPP-30 100 30
GEPDM-10 100 10
GEPDM-20 100 20
GEPDM-30 100 30
HEVATPE-20

100 20
HEVAR-20

100 20
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Figure 1 Tan d–temperature curves for control and CI resin, PF resin, PAHY resin,
and AO-modified SEBS (frequency: 1 Hz).

obtained from Hind Plastics, Visakhapatnam, In- the Plasticorder under similar conditions for 2
min to ensure uniform dispersion of the additivesdia. PP with specific gravity of 0.90 was obtained

from I.P.C.L., Gujrat, India. Pilene EVA with a and homogeneity of the mix and finally sheeted
out through the two-roll mill.VA content of 28% (by weight) and specific gravity

of 0.96 was obtained from Polyolefin Industries The sheeted-out stock was compression-molded
between the aluminium foils in a Moore press atLtd., Bombay, India. Livaprene 45 LX EVA with a

VA content of 45% (by weight) and specific gravity 1907C for 5 min at 5 MPa pressure to give sheets
of 2.0 mm thickness. At the end of the molding0.97 was obtained from Bayer India Ltd., Bombay,

India. EPDM rubber, JSR-EP-96, with ethylene time, the sample still under compression was
cooled by circulating water at room temperaturecontent of 55 mol %, diene (DCPD) content of 4.5

mol %, and a specific gravity of 0.86 was obtained through the platens until the temperature
dropped to 507C. Aluminium foils were used be-from Japan Synthetic Rubber Company Ltd.,

Japan. tween the mold surface to reduce shrink marks
on the sheet.

Mixing and Molding
Dynamic Property MeasurementsA complete list of mixes and their composition are

given in Table I. The mixes were prepared in a Dynamic mechanical properties under bending
mode were evaluated using DMTA (model No.Brabender Plasticorder (model PLE-330) using a

cam type rotor, with a speed of 62 rpm and a mixer MK-II, Polymer Laboratories, U.K.) . The frequen-
cies selected were 0.01, 0.1, 1, and 10 Hz, thoughchamber temperature of 1807C. Initially, the

SEBS block copolymer was melted in the mixer the data at 1 Hz were reported in this article. A
double strain amplitude of 64 mm was used. Thefor 2 min, then the different additives were added

to it and mixed for another 2 min. The mix was experiments were carried out from 01307C to
/1507C at the heating rate of 27C/min. The datathen taken out and sheeted through a laboratory

mill at 257C with the minimum nip gap (Ç 2.5 was recorded and analyzed by a COMPAQ com-
puter.mm). The sheeted out material was remixed in
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Figure 2 Tan d–temperature curves for control and PS, PP, EPDM, EVATPE, modified
SEBS (frequency: 1 Hz). Inset: tan d–temperature curves for PS, PP, EPDM, and
EVATPE (frequency: 1 Hz).

Figure 3 Storage modulus–temperature curves for control and CI resin, PF resin,
PAHY resin, and AO-modified SEBS (frequency: 1 Hz).
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Figure 4 Storage modulus–temperature curves for control and PS, PP, EPDM, and
EVATPE-modified SEBS (frequency: 1 Hz). Inset: storage modulus–temperature curves
for PS, PP, EPDM, and EVATPE (frequency: 1 Hz).

Tensile Testing results of six tests on each sample were averaged.
An error of {5% was recorded.

Tensile strength, modulus, and elongation at
break were measured as per ASTM D412-80 in a

Hysteresis Studycomputerized Zwick UTM (1445) at a crosshead
speed of 500 mm/min. The dumbbell-shaped speci- Hysteresis was obtained on tensile dumbbell spec-

imen at 100% elongation at loading and unloadingmens were obtained from the molded sheets. The

Table II Tand Peak Values and the Transition Temperatures of the Control and Modified SEBS

EB Transition PS Transition

Mixed Tand Peak Transition Tand Peak Transition
Compound Value Temperature (7C) Value Temperature (7C)

S0 0.435 032.5 0.335 /91.5
ACI-30 0.286 025 0.521 85
BPF-20 0.35 034 0.345 90.5
CPAHY-30 0.225 034 0.845 92
DAO-10 0.32 038.5 0.535 76.5
EPS-30 0.32 034 0.595 112.5
FPP-10 0.475 036 0.25 91.5
FPP-20 0.455 035 0.25 91.5
FPP-30 0.39 032.5 0.275 92
GEPDM-30 0.295 035 0.41 93.5
HEVAR-20

0.33 035.5 0.35 90
HEVATPE-20

0.275 034.5 0.36 93.5
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Table III Log E * Values of the Control and Modified SEBS

Mix Log E * of Glassy Log E * of Rubbery Log E * of Plastic
Number Region (Pa) Plateau (Pa) Melting Zone (Pa)

S0 10.89–10.74 8.94–8.79 8.37–8.04
ACI-30 10.71–10.62 9.39–9.24 8.1–7.32
BPF-20 10.83–10.71 9.16–9.06 8.4–8.07
CPAHY-30 10.71–10.62 9.72–9.57 7.98–7.32
DAO-10 10.86–10.77 9.03–8.91 8.1–7.26
EPS-30 10.83–10.65 9.24–9.18 7.95–7.71
FPP-10 10.92–10.68 8.64–8.55 8.4–8.01
FPP-20 10.92–10.71 8.82–8.73 8.46–8.1
FPP-30 10.89–10.74 9.33–9.15 8.79–8.31
GEPDM-30 10.95–10.65 8.88–8.64 8.13–7.77
HEVATPE20

10.89–10.77 9.39–9.03 8.25–7.83
HEVAR-20

10.92–10.65 9.0–8.91 8.07–7.74

rates of 500 mm/min at 257C. The hysteresis ratio reported in Figures 1–4. The data are recorded
(HR ) was calculated using the following formulae: in Tables II and III.

SEBS displays the following three transition
peaks: the first near 01057C, due to the coopera-HR Å

WE 0 WR

WE
Å DW

WE
(1)

tive movement of the methylene groups of the eth-
ylene butylene segments; the second at 032.57C,
due to the relaxation of the soft elastomeric ethyl-where WE represents the work done during exten-
ene–butylene segments; and the third at/91.57C,sion, and WR represents the work done during re-
due to the relaxation of the hard PS domains (Fig.traction. The tensile set was also determined from
1). The values of tan d peaks at 032.57C andthis experiment. Six samples were tested for each

value reported in this article. 91.57C are 0.435 and 0.335, respectively (Table
II) . The range of log E * values in the plateau zone
at 26–697C is 8.94–8.79 Pa (Table III) . In subse-Morphology Study
quent discussion, the peaks at 032.5 and /91.57C

Surface morphology of the mixes was studied by will be discussed, as there is no significant change
scanning electron microscopy (SEM) (Cam Scan of the peak at 01057C (tan dmax Å 0.05) with the
Series-II model) . One of the phases was extracted incorporation of the additives.
with a solvent, and the samples were dried and From Table II, it is observed that all the addi-
sputter-coated with gold before examination. tives (except PP at low concentration) when

added to SEBS decrease its tan d peak at the lower
transition region but increase the tan d peak atSolvent Extraction Study
the upper transition region. The changes in the

Acetone was used to extract out CI resin from tan d peak values at the upper and lower transi-
SEBS–CI mix, while methyl ethyl ketone was tion regions are the opposite for PP up to 20 phr.
chosen for extracting paraffin hydrocarbon resin Similarly, all the additives except CI resin and 30
from the SEBS–PAHY mix. SEBS was extracted phr PP decrease the lower transition temperature
out from the mixture of SEBS–PP with the help of SEBS (Table II) . The CI resin increases the
of cyclohexane solvent. lower transition temperature, while, for PP, the

temperature remains unaltered. It may be noted
that glass transition temperature of PP occurs at

RESULTS AND DISCUSSION 137C with a tan dmax of 0.10.
The CI resin, PF resin, AO, and EVAR decrease

Dynamic Mechanical Properties the upper transition temperature of SEBS, while
PS, EPDM, and EVATPE increase it (Table II) .Dynamic mechanical properties of the control

SEBS and SEBS mixed with other additives are The PAHY resin and PP do not alter the upper

8E20 4825/ 8E20$$4825 01-15-98 08:34:21 polaa W: Poly Applied



PHASE MODIFICATION OF SEBS BLOCK COPOLYMER 2021

Figure 5 SEM micrographs of some representative mixes: (a) surface photograph of
control SEBS; (b) surface photograph of ACI-30 mix, where CI resin was extracted out
with acetone; (c) surface photograph of CPAHY-30 mix, where PAHY resin was extracted
out with methyl ethyl ketone solvent; (d) surface photograph of FPP-20 mix, where SEBS
was extracted out with cyclohexane solvent; and (e) enlarged image of (d).

transition temperature of SEBS. It is interesting glassy region is of the same order in each case.
On the other hand, all the additives except PPto note that all the additives except EPDM and

PP at low concentrations increase the storage and PF resin decrease the log E * value of SEBS
at the plastic melting zone. On comparison of 10,modulus and log E * value of SEBS at the rubbery

plateau zone (Table III) . The E * value at the 20, and 30 phr PP-loaded SEBS, it is observed
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that the tan d peak of the respective mixes at the PP has a melting point of 1657C, which is
higher than the softening point of PS domains. Solower transition region decreases gradually, but

the one at higher transition region remains al- the SEBS–PP mix is relatively more rigid than
the control SEBS near the upper transition re-most the same. The lower transition temperature

increases gradually in this case, but the upper gion, resulting in a decrease of tan d peak (Fig.
2). EPDM, itself being an elastomer (Tg Å 0317C;transition temperature remains almost the same

(Table II) . With increasing PP loading, the log tan dmax Å 1.2), enhances the elastomeric nature
of SEBS–EPDM mix, which results in a softerE * value of the respective mixes at the rubbery

plateau zone gradually increases, having the material than control SEBS. This is reflected in
the increase of tan d peak at the upper transitionhighest storage modulus (9.33–9.15 Pa) value at

30 phr loading of PP (Table III) . zone. EVA has virtually no interaction with the
PS domains, as evidenced by the fact that the tanFindings of dynamic mechanical studies may

be explained in the following lines. All the addi- d peak at the upper transition region increases
marginally in SEBS–EVATPE mix. The smalltives except the aromatic oil are glassy material

at 032.57C. The external additives may reside in hump occurring at 0127C is indicative of phase-
separated EVATPE (Fig. 2), as the glass transitionthe soft phase, hard phase, or in both the phases,

or it may form a separate third phase. It is possi- temperature for pure EVATPE measured under the
same conditions is 0137C (tan dmax Å 0.33).ble that a part of the resins (CI, PF, and PAHY)

may locate themselves amongst the soft EB seg- In order to understand the dilution effect of
SEBS by various additives, we have analyzed thements, thereby resulting in the chain stiffening

and hardening of the final product. This is re- storage modulus curves by taking the volume frac-
tion of the polymer (Vp ) into consideration. Forflected in the decrease of tan d peak at 032.57C

and the increase in log E * value at the plateau example, the following relationship is found to
hold for rubber–resin systems12:region for the mixes. The resins, however, do not

crosslink with the EB segments of SEBS polymer.
The resins or SEBS could be extracted out from G * Å (Vp )nGo

the resin–SEBS mixture by an appropriate sol-
vent. An aromatic oil would swell the EB matrix where G * and Go are the plateau modulus of the

rubber–resin mixture and pure polymer, respec-of SEBS and also become solubilized in the PS
microdomains. This would lead to a decrease in tively. In the SEBS–resin systems, the value of

n is found to be negative and lies between 00.3the glass transition temperature of both the
phases and a displacement of the corresponding to 00.13, corresponding to range of Vp values of

0.75–0.91. With the increasing loading of theloss peaks to lower temperatures (Fig. 1).
The CI and PAHY resins have melting points resin, the value of n remains constant. For ACI ,

BPF, CPAHY, and DAO mixes, the values of n areof 90 and 857C, respectively, which are lower than
the softening point of the PS domains (1057C) of 00.19, 00.14, 00.30, and 00.13, respectively.
SEBS polymer. The melting of these resins near
the upper transition region of SEBS makes the

Morphology StudySEBS–resin mixture softer than the control
SEBS, which is reflected in the increase of tan d The SEM micrographs of the various mixes have

been analyzed. Representative photographs of thepeak at the upper transition region (Fig. 1). For
PF resin with a melting point of 1207C, there is mixes S0 , ACI-30 , CPAHY-30 , and FPP-20 are shown in

Figure 5. It is observed that all the mixes exceptno such softening effect on SEBS, so the tan d
peak max at 91.57C remains almost the same. AO FPP-20 show similar morphological structures after

extraction with acetone and methyl ethyl ketoneplasticizes the hard PS domains of SEBS, thereby
making the material more soft; this increases the solvents. The additives CI resin and PAHY resin

are randomly distributed in the SEBS matrix.tan d peak at 91.57C. The external addition of PS
to SEBS indicates the presence of a transition in However, the most interesting photographs ob-

tained are those of FPP-20 , where SEBS has beenthe PS microdomains at the same temperature as
the pure SEBS and a large separate PS transition extracted out with cyclohexane solvent. The pho-

tographs clearly represent that PP forms the con-at a considerably higher temperature (112.57C in-
stead of 91.57C). It is quite possible that added tinuous matrix while SEBS forms the dispersed

phase. This structure is also predominant inPS is unable to enter the small PS microphase
domains and mainly serves as a filler. mixes containing 30 phr PP. Based on the DMTA
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and SEM studies, the different types of interac-
tions of SEBS with some of the additives can be
envisaged as depicted in Scheme 1.

Mechanical Properties

The results of tensile testing are reported in Table
IV and Figure 6, respectively. It is observed that
the PF and PAHY resins, aromatic oil, polysty-
rene, EPDM, and EVA decrease the tensile
strength (TS) of SEBS. The elongation at break
(Eb ) is also lowered or remains constant except
for a few cases. The modulus of SEBS displays a
lower value when higher loadings of AO, EPDM,
and EVAR have been added. The CI resin registers
the maximum increase in elongation at break of
SEBS polymer at 30 phr loading. With the in-
crease in the loading of the resin, the tensile
strength increases, but the modulus value regis-
ters an increase up to 20 phr loading for the same
mix. However, the best results are obtained with
PP, where there is 22% increase in tensile
strength with 30 phr loading of PP. The modulus
value also increases by 75%. The elongation at
break increases from 708% in the case of control
SEBS to 724% for 30 phr PP-loaded SEBS.

The results could be explained with the help of
morphological structures and interaction between
the additives and SEBS. PP forming the continu- Scheme 1 Mechanisms showing the interaction of
ous matrix in FPP-20 is expected to show a high different additives with the hard and soft phases of
value of tensile strength and modulus as the SEBS polymer: 1) CI resin interacts with both the

phases of SEBS polymer at room and higher tempera-strength of PP is higher than that of PS or EB. The
tures; 2) interaction of PP with SEBS where PP formsincreased modulus is also a result of the structure.
the matrix, and SEBS is dispersed as domains; 3) plas-Though the morphological structure in other
ticizing effect of AO on the hard PS domains of SEBScases is similar, the interaction between SEBS
polymer.and other additives varies.

As discussed in the earlier section, the addition
of 30 phr CI resin to SEBS causes a shift in the tensile strength from 28.3 MPa in the case of con-

trol SEBS to 21.0 and 24.4 MPa in the case of 20lower as well as the upper transition temperature
of the base polymer (Table II) . This means that phr loading of the PF and PAHY resins, respec-

tively. The elongation at break also decreasesthe CI resin is compatible to a certain degree with
the hard PS domains as well as with the soft EB from 708% in the case of control SEBS to 644 and

601% for PF resin and PAHY resin, respectively,matrix of SEBS. As a result, the proportion of
the resin in the EB and PS phases dictates the at 20 phr loading. But as the loading of the addi-

tives increases, the modulus increases. The addi-properties. At higher loading, the resin probably
resides in the PS phase, increasing the modulus tives, being rigid materials, impart stiffness to

SEBS polymer and enhance the modulus of theand tensile strength values. The modulus value
of SEBS registers an increase, while the tensile system. The hard PS domains are mainly respon-

sible for the high mechanical strength of SEBSstrength and elongation at break decrease consid-
erably with increased loading of PF resin and polymer; and, when plasticized by the addition of

10 phr of aromatic oil to SEBS, the base polymerPAHY resin. Probably a portion of these additives
may phase separate or locate themselves amongst become softer, leading to a fall in the tensile

strength, elongation at break, and modulus val-the EB segments. These portions then act as
stress concentrators or flaws and decrease the ues. EPDM rubber, being elastomeric in nature
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Table IV Mechanical Properties of the Control and Modified SEBS

Modulus (MPa)

Mixed Compound TS (MPa) Eb (%) 100% 200% 300% Set (%) HR

S0 28.3 708 2.2 3.7 6.0 8 0.47
ACI-5 26.8 671 3.0 4.6 6.8 9 0.52
ACI-10 27.7 683 3.2 4.8 7.0 12 0.55
ACI-20 29.0 697 4.6 6.0 7.9 11 0.59
ACI-30 31.1 795 2.3 3.2 5.2 18 0.64
BPF-20 21.0 644 3.5 5.1 7.4 11 0.50
CPAHY-5 26.0 661 2.7 4.2 6.9 12 0.53
CPAHY-10 25.1 668 4.0 6.0 9.0 13 0.56
CPAHY-20 24.4 601 5.5 7.7 10.2 11 0.59
CPAHY-30 21.4 585 5.2 7.5 10.3 12 0.67
DAO-5 15.6 632 2.5 4.0 6.0 9 0.39
DAO-10 10.5 573 2.0 3.1 4.8 8 0.33
EPS-10 23.1 568 3.5 6.2 9.2 9 0.50
EPS-20 22.1 510 4.3 8.2 12.3 12 0.54
EPS-30 20.5 507 5.3 9.6 13.5 15 0.57
FPP-10 29.1 672 3.1 4.9 7.3 11 0.52
FPP-20 31.1 684 4.5 6.3 9.0 12 0.56
FPP-30 34.4 724 5.8 7.8 10.5 16 0.62
GEPDM-10 21.2 712 2.8 4.0 6.0 10 0.39
GEPDM-20 18.3 727 2.5 3.6 5.4 12 0.34
GEPDM-30 11.7 726 2.0 2.9 4.2 13 0.14
HEVATPE-20

20.8 732 2.2 3.2 5.1 16 0.4
HEVAR-20

12.5 663 1.7 2.6 4.1 12 0.37

TS is defined as tensile strength; Eb , elongation at break; HR , hysteresis ratio.

when added to SEBS, makes the polymer softer However, except for DAO-10 , the set increases in
each case. Incorporation of 30 phr of the PAHYand elastomeric in character. This leads to a fall

in the tensile strength value from 28.3 MPa in resin increases the hysteresis ratio of the SEBS
polymer by 43%. PP at 20 phr loading, in spite ofthe case of control SEBS to a value as low as 11.7

MPa for 30 phr loading of EPDM. At the same being the continuous matrix, registers a hystere-
sis ratio value of 0.54. The maximum set observedloading of EPDM, the elongation at break in-

creases from 708 to 726%, but the modulus value is 18% with the use of 30 phr CI resin, which is
much less than the requirement for the mixturedecreases. The EVA polymer, being polar in na-

ture, is incompatible with SEBS polymer and does to be classed as a thermoplastic elastomer. The
FPP-30 and HEVATPE-20 mixes show a maximum setnot mix well with it, as confirmed from the SEM

photographs. It simply acts as a diluent to SEBS value of 16%. The increase in hysteresis ratio is
polymer, whereby the tensile strength decreases due to the extra energy dissipative mechanism,
and the elongation at break and modulus decrease introduced through the incorporation of the addi-
or remain the same. tives. As shown earlier in the DMTA studies,

these additives are immiscible, thus resulting in
higher set values.Hysteresis Study

The hysteresis ratio HR and percentage set values
for all the mixes are reported in Table IV. The HR

CONCLUSIONSvalue for control SEBS is 0.47, while the set is
8%. It is interesting to note that the CI, PAHY,
and PF resins and PS and PP increase the value The effects of the CI, PF, and PAHY resins, and

AO, PS, PP, EPDM rubber, and EVA on the mor-of the hysteresis ratio of SEBS polymer. On the
other hand, EPDM, EVA, and AO decrease it. phology, mechanical, and dynamic mechanical
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because PP forms the continuous matrix
while SEBS forms the dispersed phase, as
confirmed from SEM photographs. The tan d
peak of SEBS at both the lower and upper
transition regions is decreased.

3. Other additives have only a marginal effect.
The PF resin, PAHY resin, and PS impart
stiffness to SEBS polymer by increasing its
modulus only. The tensile strength, however,
decreases. EPDM and EVA lower the good
mechanical strength of SEBS polymer. The
tan d peak at a low temperature transition
decrease in each case, but the one at a high
temperature increases.
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