
INTRODUCTION

Ethylene-propylene-diene terpolymer (EPDM) is one of
the most versatile synthetic rubbers, which is made possible
by adjusting its microstructure such as average monomer
composition, sequence length distribution and diene type and
concentration1-6. Maleic anhydride-grafted ethylene-propy-
lene-diene terpolymer (MAH-g-EPDM) is a useful way of
compatibilizing immiscible polymer blends as well as improving
interfacial adhesion in polymeric composites7-10.

Nuclear magnetic resonance spectroscopy is a useful
analytical method for examining the molecular structures.
Studies of solid-state NMR spectroscopy to examine elastomer
networks have been reported11-13. Solid-state NMR is also a
powerful technique for analyzing the crosslink density of a
cured elastomer, because a chemical shift by crosslinking
reflects the chemcal environment of surroundings of the
crosslinked atoms14-16. On the other hand, compared to liquid-
state NMR, it requires a relatively large amount of sample,
long analysis time and expensive equipment. Liquid-state
NMR has been used for characterization of polymeric materials.
Pozzi and Marini17 analyzed polyethylene (PE)/polypropylene
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(PP) blends using a high temperature liquid NMR. Choi et al.16

studied the relationship between the chemical shifts of swelling
toluene and the crosslink densities of carbon black-reinforced
natural rubber vulcanizates using liquid 1H NMR. Khoee
et al.18 analyzed the microstructure of styrene-butadiene rubber
(SBR) using NMR.

Thermoplastic elastomers bridge the gap between plastics
and rubbers and have a wide range of applications19-24 . In this
work, thermoplastic elastomers were prepared by mixing
MAH-g-EPDM and zinc oxide and were analyzed by a liquid
NMR to investigate their structural characteristics. Raw and
cured ethylene-propylene-diene terpolymers were also
analyzed and compared with the thermoplastic elastomers.

EXPERIMENTAL

Royaltuf 498 of Chemtura Co. was used as an MAH-g-
EPDM and its ethylene, propylene, diene and maleic anhydride
contents are 72.5, 25.5, 1 and 1 wt %, respectively. KEP 510
and KEP 960 of Kumho Petrochemical Co. were used as an
ethylene-propylene-diene terpolymer and their diene contents
are 5.7 wt % and the ethylene contents are 71 and 70 wt %,
respectively. Three thermoplastic elastomers made of Royaltuf
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498 (100 phr), antioxidant (Songnox 1076, octadecyl-3-(3,4-
di-tert-butyl-4-hydroxyphenyl), 0.3 phr) and zinc oxide (1, 3,
or 5 phr) were prepared. A cured ethylene-propylene-diene
terpolymer sample composed of KEP 960, filler and other
ingredients was prepared. Tetrahydrofuran (THF), n-hexane,
chloroform and benzene were purchased from Daejung Chemi-
cal and Metals Co. CDCl3 containing 0.1 % tetramethylsilane
was purchased from Aldrich Chemical Co.

Swelling ratios of the samples were measured by a
swelling method. Organic materials remained in the samples
were extracted and the weights of the organic materials-extracted
samples were measured. They were soaked in swelling solvent
(chloroform) for 3 days and the weights of the swollen samples
were measured. The swelling ratio (Q) was calculated by the
equation of Q = (Ws-Wu)/Wu, where Ws and Wu are the weights
of the swollen and unswollen samples, respectively.

The liquid-state 1H and 13C NMR spectra were recorded
at 500 MHz using a Bruker Avance II 500 spectrometer
(Germany) at 292 K. The scan numbers of the 1H and 13C NMR
spectra were 16 and 1000, respectively. The samples were
processed for the NMR analysis as follows. First, organic
additives remained in the samples were removed by extracting
with THF and n-hexane for 3 and 2 days, respectively and
then the samples were dried for 2 days at room temperature.
The sample strips were soaked in benzene and put into a NMR
tube. Sufficient CDCl3 was added to submerge the strip.

RESULTS AND DISCUSSION

In the thermoplastic elastomers, ionic bonds can form
between the carboxylic acid groups of MAH-g-EPDM and zinc
oxide25,26. Fig. 1 shows 1H NMR spectra of the thermoplastic
elastomers. The peaks at 0.86, 1.09 and 1.27 ppm were assigned
to methyl, methine and methylene groups, respectively19. The
peaks at 0-2 ppm indicate saturated hydrocarbons, which are
typical peaks of ethylene-propylene rubber (EPR)27,28.

Fig. 1. 1H NMR spectra of the thermoplastic elastomers containing ZnO
of 1 (a), 3 (b) and 5 phr (c)

Fig. 2 shows the expanded 1H NMR spectra (4.9-5.4 ppm)
of the thermoplastic elastomers. The peaks at 5.02 and 5.25
ppm were assigned to diene28. The diene should originate from
the MAH-g-EPDM. Maleic anhydride can react with the
diene to graft to ethylene-propylene-diene terpolymer. There-
fore, the detection of diene means that some dienes do not
react with maleic anhydride. The raw ethylene-propylene-

diene terpolymers were analyzed by liquid NMR to compare
the thermoplastic elastomers. The 1H NMR spectra of the raw
ethylene-propylene-diene terpolymers also showed the typical
saturated hydrocarbon peaks at 0-2 ppm and diene peaks at
4.9-5.4 ppm (Fig. 3).

Fig. 2. Expanded 1H NMR spectra (4.9-5.4 ppm) of the thermoplastic
elastomers containing ZnO of 1 (a), 3 (b) and 5 phr (c)

Fig. 3. 1H NMR spectra of the raw EPDMs of KEP 510 (a) and KEP 960 (b)

In order to examine the existence of maleic acid groups
of the MAH-g-EPDM, the 1H NMR spectra were expanded in
the range of 10-15 ppm (Fig. 4) because the hydroxyl group
of maleic acid appears in the range29. However, there was no
signal in the range of 10-15 ppm. Maleic anhydride groups can
change to maleic acids by hydrolysis during the sample prepa-
ration. If these maleic acids react with zinc oxide to form ionic
bonds, they will be bound to the zinc oxide particle. Relaxation
of the bound maleic acids might be very slow, which results in
no signal about the hydroxyl group. Therefore, the lack of a
signal at 10-15 ppm in the 1H NMR spectra of the thermoplastic
elastomers indicates the formation of ionic bonds between the
maleic acid groups and zinc oxide.

Fig. 4. Expanded 1H NMR spectra (10-15 ppm, alcohol region of maleic
aicd) of the thermoplastic elastomers containing ZnO of 1 (a), 3 (b)
and 5 phr (c)
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Fig. 5 shows 13C NMR spectra of the raw ethylene-
propylene-diene terpolymer and thermoplastic elastomers. The
principal peaks were marked in the spectrum. The peaks at
19.7, 27.2, 30.1, 32.8 and 37.2 ppm were marked numbers 5,
3, 4, 1 and 2, respectively. The number 1 peak at 32.8 ppm
was assigned to ~CH~, while the number 5 peak at 19.7 ppm
was assigned to methyl (CH3). The other peaks of number 2, 3
and 4 peaks corresponded to methylene (~CH2~). The peak at
29.8 ppm was assigned to isolated CH2.30-32 The saturated
hydrocarbons of the MAH-g-EPDM are also clearly shown in
the 13C NMR spectrum of the thermoplastic elastomers as well
as in that of the raw ethylene-propylene-diene terpolymer. On
the other hand, no peaks about the carbonyl group of maleic
acid or maleic anhydride were observed as shown in Fig. 6. In
general, a carbonyl group peak in a 13C NMR spectrum appears
at 150-190 ppm32.

Fig. 5. 13C NMR spectra of KEP 960 (a), the thermoplastic elastomer containing
ZnO 1 phr (b) and the thermoplastic elastomer containing ZnO 5 phr (c)

200 190 180 170 160 150 140

(c)

13
C (ppm)

(b)

(a)

Fig. 6. Expanded 13C NMR spectra (140-200 ppm, carbonyl group region)
of KEP 960 (a), the thermoplastic elastomer containing ZnO 1 phr
(b) and the thermoplastic elastomer containing ZnO 5 phr (c)

The cured ethylene-propylene-diene terpolymer sample
was also analyzed. Organic materials remained in the sample
were removed and the NMR sample was prepared using the
same method for the thermoplastic elastomer analysis. Fig. 7
shows 1H NMR spectra of the cured ethylene-propylene-
diene terpolymer sample. Unlike the 1H NMR spectrum of the
raw ethylene-propylene-diene terpolymer (Fig. 3), the peaks
at 0-2 and 4.9-5.4 ppm assigned to saturated hydrocarbons
and dienes, respectively, were not observed. This can be
explained by the slow relaxation of polymer chains due to the

high crosslink density. The cured ethylene-propylene-diene
terpolymer has a number of sulfur crosslinks which leads to
slow relaxation and there is no signal for ethylene-propylene-
diene terpolymer.

Fig. 7. 1H NMR spectra of the cured EPDM

Swelling ratios (Qs) of the thermoplastic elastomers and
the cure ethylene-propylene-diene terpolymer were shown in
Fig. 8. The swelling ratios of the thermoplastic elastomers were
much larger than that of the cured ethylene-propylene-diene
terpolymer. This means that crosslink density of the cured
ethylene-propylene-diene terpolymer was much higher than
those of the thermoplastic elastomers. The swelling ratios of
the thermoplastic elastomer decreased as the zinc oxide content
increased. This indicates that crosslink density of the thermo-
plastic elastomer increased with increasing the zinc oxide
content. Crosslink points in the thermoplastic elastomers are
ionic bonds formed between the maleic acids and zinc oxide.
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Fig. 8. Variation of the swelling ratio (Q) of the thermoplastic elastomer
with the ZnO content. The dashed line denotes the swelling ratio of
the cured EPDM

The NMR analysis results showed that the thermoplastic
elastomers have pseudo-crosslinks by ionic bonds between
the maleic acids of MAH-g-EPDM and zinc oxide particles,
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some diene groups are not treated by maleic anhydride and
the outside parts do not include the ionic bonds. Fig. 9 shows
that the outer parts are composed of ethylene, propylene and
unreacted diene units. Using liquid NMR, existence of the
outside parts in the thermoplastic elastomer and unmodified
dienes can be identified.

Fig. 9. Plausible ionomer structure of the thermoplastic elastomer
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