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ABSTRACT : 3-Amino-1, 2, 4-triazole (ATA) (2.5 and 5.0 phr) was incorporated into a immiscible maleated ethylene propylene
diene rubber(mEPDM)/maleated high density polyethylene(mHDPE) (50 wt%/50 wt%) blend by melt mixing. Effects of the
ATA on structure, mechanical and rheological properties of the blend was investigated. FT-IR and DMA results revealed
that supramolecular hydrogen bonding interactions between the polymer chains occur by reaction of ATA with maleic anhydride
grafted onto the component polymers in the blend, which induces the physical crosslinks in the blend. FE-SEM analysis
showed that mEPDM forms a dispersed phase in continuous mHDPE matrix, and the blend with the ATA has finer phase
morphology as compared to the blend without the ATA. By the addition of ATA in the blend, there were significant increases
in tensile strength, modulus and elongation-at-break as well as elastic recoverability. Melt rheology studies revealed that ATA
induced substantial increase in storage modulus and complex viscosity of the blend at the melt state.
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1. Introduction class of the polymer blends, which can be applicable as tough-
ened plastics or thermoplastic elastomers depending upon the
Polymer blending has been recognized as an effective way composition and morphology of the blends."
to develop a new polymeric material with improved perform- Generally, most of the elastomer/thermoplastic blends are
ance properties. Elastomer/thermoplastic blend is an important immiscible and proper compatibilization is needed for the

blends to have desirable properties. Various compatibilization
techniques have been explored, which include reactive blend-
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ing including dynamic vulcanization’"* and addition of a third
component into the blend.""® In the dynamically vulcanized
blends, in which rubber phase is vulcanized during melt mixing
of the rubber and thermoplastic, fine dispersion of rubber par-
ticles in continuous thermoplastic phase can be achieved with
enhanced strength, modulus and elongation at break of the
blend as compared to simple blend.”'® Antony et al. reported
that addition of ZnO into immiscible carboxylated polyolefin
blends can induce improved performance properties of the
blends via the formation of ionic interactions between the com-
ponent polymers.'*"” Phan et al. employed polyetheramine as
a compatibilizer of the maleated PP/maleated rubber blends
to improve their mechanical properties.'®

Thermoreversible rubber network based on supramolecular
hydrogen bonding between rubber chains has been studied."”'
These studies revealed that supramolecular hydrogen bonding
between the rubber chains can be obtained from the reaction
of amino functionality of 3-amino-1,2,4-triazole (ATA) with
maleic anhydride grafted onto the rubber chain during melt
mixing of ATA with a maleated rubber. Chang et al employed
this concept to a polymer blend system and developed a ther-
moplastic elastomer by the addition of ATA into maleated
HDPE/maleated EPDM blend.”*

In the present study, we investigated the effect of ATA on
phase morphology, mechanical and rheological properties of
maleated EPDM/maleated HDPE (50 wt%/50 wt%) blend.

II. Experimental

Maleated ethylene propylene diene rubber (Royaltuf 485)
with maleic anhydride content of 0.5 wt% (hereafter referred
to as mEPDM) and maleated high density polyethylene with
maleic anhydride content of 1 wt% (hereafter referred to as
mHDPE) were purchased from Uniroyal Chemical Co. 3-Amino
-1, 2, 4-triazole (ATA) was purchased from Sigma Aldrich Co.
The mEPDM/mHDPE (50 wt%/50 wt%) blend with ATA con-
tent of 0, 2.5, and 5.0 phr was prepared by a melt mixing in
Haake internal mixer at 170°C for 10 min. with 60 rpm of rotor
speed. The each sample was encoded as SATA-0 (0 phr ATA),
SATA-2.5(2.5 phr ATA), and SATA-5 (5.0phr ATA), respectively.
The mixed sample was then molded (as a sheet) at 200C in an
electrically heated hot press.

Tensile tests were conducted by universial testing machine
(United Co. STM 10 E) at a crosshead speed of 50 mm/min™.
At least 10 samples were tested to ensure the reproducibility
of the results. Tension set was measured to evaluate elastic re-
coverability of the samples. The samples were stretched to 100%
elongation and keeping them in that position for 10 min, and
length of the sample after the release of the applied stress was
measured. The tension set was determined by following formula:

Tension set (%) =
(change in length /original length) x 100 1)

X-ray diffraction experiment was carried out between 26
=10-30° with CuKo radiation at a generation voltage of 40
kV in a Rigaku 2500 PC diffractometer.

The degree of crystallinity (Xc) was measured by using fol-
lowing formula:**

Xc = Ic/(Ia + Ic) 2)

where Ic and la are the integration of the peaks correspond-
ing to crystalline and amorphous phase, respectively.

Dynamic mechanical tests were performd by using a dynam-
ic mechanical analyzer (TA instrument 2980). Samples were
subjected to a cyclic tensile strain with an amplitude of 0.2%
at a frequency of 10 Hz. The tempearture was increased at
a heating rate of 10°C min" over the range from -100 to 175C.
Melt rheological behavior was analyzed using a RMS
(Rheometrics Scientific Inc.) instrument at a strain of 0.5%
(which is in linear range) within the frequency range of 0.01
to 100 at 150C. For the observation of phase morphology
of the blend, the sample was fractured cryogenically and the
fractured surface was etched using xylene at room temperature
for 6 hours to remove the EPDM phase. Phase morphology
of the blends was observed using a JEOL JSM-630F instrument.

IR analysis was carried out on a thin film using a Varian
800 FT-IR in frequency range of 400 - 4000 cm™.

III. Results and Discussion

FTIR spectra of SATA-0, SATA-2.5, and SATA-5 are
shown in Figure 1(a), (b) and (c), respectively. The FTIR spec-
tra of SATA-0 has two absorption peaks at 1786 cm™ and
1863 cm”, which are due to stretching vibrations of the maleic
anhydride group of mEPDM and mHDPE. The absorption
peaks corresponding to the maleic anhydride are absent in
FTIR spectra of SATA-2.5 and SATA-5. This suggests that
all of maleic anhydride groups existed on the polymer chains
reacted with the amino group of ATA. A broad peak between
2400-3400 cm™ as well as two peaks at 1727 cm™ and 1724
cm’ in the SATA-2.5 and SATA-5 indicate that carboxylic
acid groups are produced in the blend with ATA and these
are involved in hydrogen bondings. And, two absorption peaks
at 1528 cm” and 1639 cm” in SATA-5 and those at 1536
em” and 1635 cm™ in SATA-2.5 indicate the presence of five
membered triazole unit in the blend with ATA. All of these
results indicate that the ATA is covalently bonded to the poly-
mer chains in the blend, and the resultant supramolecular hy-
drogen bonding interactions can occur at the interface region
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Figure 1(a). IR spectra of SATA-0.
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Figure 1(b). IR spectra of SATA-2.5.
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Figure 1(c). IR spectra of SATA-5.

between mEPDM and mHDPE molecules, which is depicted
in Scheme 1.7%

Plot of storage modulus as a function of temperature is
shown in Figure 2, and the dynamic storage moduli of the
samples at 30°C and 150°C are summarized in Table 2. It
is observed that storage modulus of SATA-0 continues to de

H N\NNNNNNNNNVY
| o m-EPDM

1l
/N \/_N— C— CH;—CH—C—0OH

N\

H %
= z s
= E] H
H z |
& 0 0
/N N—C—CH—CHy— C|/
N\ /b b, maee
e

Scheme 1. Supramolecular hydrogen bonding in mEPDM/mHDPE/ATA
blend.”
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Figure 2. Temperature dependence of dynamic storage modulus of
samples.

Table 1. Tensile Properties of Samples

Tensile 100%  Elongation-a Tension
Samples strength Modulus t-break set
(MPa) (MPa) (%) (%)
SATA-0 8.8+0.4 6.4+0.1 950+50 40
SATA-2.5 11.6£0.3 7.6+0.2 1070450 28
SATA-5 16.3 £0.5 8.9+0.2 1290+70 22

Table 2. Dynamic Storage Modulus at 30°C and 150°C

Sambles E’ at 30 C E’ at 150 C
P (MPa) (MPa)
ATA-0 390425 0
ATA-2.5 330420 0.6+0.02
ATA-5.0 330420 0.840.02

crease with temperature and the material flows like a viscous
liquid when the temperature is greater than 7, of mHDPE,
whereas SATA-2.5 and SATA-5 show a persistent rubbery
plateau above Tj,. The presence of a persistent rubbery plateau
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Figure 3(a). XRD of SATA-0.
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Figure 3(b). XRD of SATA-2.5.
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Figure 3(c). XRD of SATA-S.

in the blend with ATA indicates that the blend forms a cross-
linked structure. At the rubbery plateau region, the blend with
ATA shows higher storage modulus as compared to the blend
without the ATA and it increases with increasing ATA content

in the blend. This indicates that ATA can induce a crosslinked
structure in the mHDPE/mEPDM blend and the degree of
crosslinking increases with increasing ATA content in the
blend. Network formation in the blend with ATA is ascribed
to supramolecular hydrogen-bonding interactions between the
ATA modified polymer chains, as was confirmed by FT-IR
analysis. At room temperature, however, the storage moduli
at the room temperature of the SATA-2.5 and SATA-S is a
little smaller than that of SATA-0, which can be explained
in terms of decreased crystallinity of mHDPE arising from
network formation in SATA-2.5 and SATA-S.

X-ray diffraction patterns of SATA-0, SATA-2.5 and SATA-5
are shown in Figure 3(a), (b) and (c), respectively. Distinct crys-
talline peaks appeared at 20 values of 21.54° and 23.92° in Figure
3(a) are due to reflection of 110 and 200 planes of mHDPE."
The degree of crystallinity of SATA-0, which is calculated using
equation (2), is 21.4% whereas it is decreased to 20.9% and
20.3% in SATA-2.5 and SATA-S, respectively. This indicates
that network structure in the blend with ATA disturbs the packing
of the polymer molecules to some extent.

Phase morphology results of SATA-0 and SATA-5 examined
by FE-SEM are presented in Figure 4(a) and (b), respectively.
It is observed that the mEPDM phase is dispersed in continuous
mHDPE matrix in both cases, but the particle sizes of the dis-
persed phase in SATA-5 are smaller than those in SATA-0.
The number average domain size of the dispersed phase, meas-
ured by image analyzer (considering large number of particles),
is 0.19um and 0.12 um for SATA-0 and SATA-5, respectively.
The finer morphology in SATA-5 as compared to that in
SATA-0 suggests that ATA induced compatibilization effects
in the immiscible mEPDM/mHDPE blend. The supramolecular
hydrogen bonding interactions between mHDPE and mEPDM
modified by ATA may reduce the interfacial tension of the
blend, which results in the compatibilization of the blend
system.

Tensile properties of the blends such as tensile strength,
100% modulus, elongation at break and tension set are shown
in Table 1. It is observed that the tensile strength, 100% mod-
ulus, elongation at break of the blend greatly improved with
the addition of ATA. Only 5 phr addition of ATA, tensile
strength and 100% modulus of the blend increased by about
85% and 39%, respectively. The enhancement in the strength
and modulus is thought to be associated with finer morphology
and the presence of pseudo-crosslinks in the blend. It is inter-
esting to note that there is a concurrent increase in the modulus
and elongation at break in the blend with ATA. It is suggested
that this unique tensile behavior is due to strong interfacial
adhesion between the component polymers arising from ex-
tensive hydrogen boning interactions between the polymer
chains. It is to be noted that tension set value of the blend
decrease with the addition of ATA. The tension set value of
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Figure 4(b). FE-SEM micrographs of fracture surface of SATA-5.

SATA-0 is about 40%, and it decreased to 28% and 22%
for SATA-2.5 and SATA-5.0, respectively, indicating that the
blends with ATA have high elastic recoverability like a vulcan-
ized rubber. This can be explained in terms of finer dispersion
of ATA crosslinked mEPDM rubber in semicrystalline HDPE
matrix similar to dynamically vulcanized rubber/plastic blends.
Melt rheology studies were carried out to assess the micro-
structure of the blend in melt state. Frequency dependences
of both storage modulus (G') and complex viscosity (n*) of
samples in molten state are shown in Figure 5(a) and (b),
respectively. It can be seen that addition of ATA affects the
rheological properties of the mEPDM/ mHDPE blend. Figure
5(a) shows that storage modulus increases with increaseing
frequency in all the blend samples. When the polymer melt
is deformed at higher frequency, polymer chains do not have
less time to relax, so the modulus goes up. The results show
that the blend with ATA has higher storage modulus as com-
pared to that without ATA, and the modulus increases with
increasing ATA content, especially at low frequency region,
and the increase in the modulus is accompanied with a de-
crease in the terminal region slope. The higher modulus and
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Figure 5(a). Frequency dependence of storage modulus of samples
at melt state.
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Figure 5(b). Frequency dependence of melt viscosity of samples.

smaller terminal slope of the blend with ATA over the blend
without ATA indicate the formation of a three dimensional
network structure in the blend with ATA. Figure 5(b) shows
a plot of dynamic complex viscosity (n*) versus frequency,
which reveals that the ATA induces an increase in the viscosity
and higher shear thinning behavior. This is due to the cross-
linked nature of the ATA modified blends. Such melt rheo-
logical behaviors have been commonly observed in a slightly
crosslinked multiblock copolymer type elasomer” as well as
dynamically vulcanized elastomer/plastic blends.”'

IV. Conclusions

A small amount of 3-amino-1, 2, 4-triazole(ATA) was in-
corporated into a immiscible mMEPDM/mHDPE (50 wt%/50 wt%)
blend by a melt mixing process. Addition of ATA led to finer
phase morphology, formation of physical crosslinks and im-
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proved mechanical properties along with high elastic recover-
ability of the blend. Melt state linear dynamic viscoelastic meas-
urements revealed that ATA induced pseudo solid-like behavior

as

of

well as enhanced shear thinning in the blend.
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