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8 9oF: o7} &v) =23}l A benzoyl peroxide(BPO) & 7] A| &) 2 A}-§3}4] ethylene-propylene-
diene terpolymer(EPDM) e}l maleic anhydride(MAH) ¢} 2-vinylnaphthalene(2-VN) & Foj@ &% o
N afZE FEUA0. §498 MAH-EPDM-2-VN(MAEV2) 1= E T584%= R 234
22 Rlstge}t. 1T E FFIFA MAHO Wid 2-VNo] Ev], &+, $F Az, % &%,
RAA 5%, 28]3l EPDM 5% %9 932 A4 1 ZE 82 MAHY thg 2-VNej
EH)gko] 1.0Y W, £ &£%& 70C 1832 29 toluened o) 717 & & JERACH
EPDM 5% wW3le] k& I8ZE 5§2 EPDMe] ke Zr1842 Zr13txlth. MAEV29}
ABSe] d¥-3 =& 7tz 424C¢} 373Co|dth. MAEV2S] A+ H#43 & ABS Bt 538
4.

Abstract : The graft coplymerizations of maleic anhydride(MAH) and 2-vinylnaphthalene(2-VN) onto
ethylene-propylene-diene terpolymer(EPDM) were carried out with benzoyl peroxide(BPO) as an
initiator in several solvents at given temperatures. The synthesized graft copolymer, [ (MAEV2)], was
identified by IR spectroscopy. The effects of mole ratio of 2-VN to MAH, solvents, reaction time, rea-
ction temperature, initiator concentration and EPDM concentration on graft copolymerization were
examined. The maximum grafting efficiency was obtained at 1 . 1 mole ratio of 2-VN to MAH, 70C
and in toluene. It was observed that grafting efficiency increased with increasing EPDM concentra-
tion. Decomposition temperatures of MAEV2 and ABS were 424 and 3307, respectively. The ther-
mal stability and light resistance of MAEV2 were better than those of ABS.

* To whom all correspondences should be adressed
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INTRODUCTION

Acrylonitrile-butadiene-styrene (ABS) copolymer
is one of the most commonly used engineering
plastics. ABS has several outstanding properties
such as high impact strength and rigidity. In com-
bination with these properties, the ease of fabrica-
tion makes ABS well suited for the manufacture of
various industrial and home goods including auto-
motive parts. But the poor heat resistance and
weatherability limit the outdoor use of the material
and its blends.!™3

Among the several attempts to improve the poor
performance, the substitution of ethylene-propy-
lene-diene terpolymer(EPDM) for butadiene has
been widely investigated.*~1* A typical example is
acrylonitrile-EPDM-styrene(AES) copolymer. It
has been known that EPDM has outstanding resis-
tance to heat, light, oxygen, and ozone because of
its nonconjugated diene component.!l'?

The aim of this study is to improve heat resista-
nce and weatherability of ABS resin using EPDM
in place of butadiene rubber(BR), maleic anhyd-
ride(MAH) in place of acrylonitrile(AN) and 2-vi-
nylnaphthalene(2-VN) in place of styrene, respec-
tively. MAH and 2-VN were selected because of
their polarity and high glass transition tempera-
ture, respectively. It might be expected that the
end-use properties of the materials consisting of
the two components could be improve to large ex-
tent. MAH and 2-VN were grafted onto EPDM
under argon atmosphere in the presence of ben-
zoyl peroxide(BPQO) as an initiator. The effects of
mole ratio of 2-VN to MAH, solvent, reaction time,
reaction temperature, initiator concentration, and
EPDM content were investigated in the graft co-
polymerizations. The thermal stability and light
resistance of the graft copolymer, MAH-EPDM-2-
VN(MAEV2), were analyzed.

EXPERIMENTAL

Materials
Maleic anhydride(MAH) (Junsei Chemical) and
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2-vinylnaphthalene(2-VN) (Aldrich Chemical)
were purified by standard procedures. Benzoyl pe-
roxide(BPO) (Hayashi Chemical) was recrystalli-
zed from methanol. Ethylene-propylene-diene ter-
polymer(EPDM) having ethylidene norbornene as
a termonomer(Aldrich Chemical : ethylene/propy-
lene=50/50 by mol 4, ML 50) was used as recei-
ved. Benzene, toluene, and tetrahydrofuran(THF)
were distilled prior to use.

Synthesis of Maleic Anhydride-EPDM-2-Vinyl-

naphthalene Graft Copolymer(MAEV2)

A given amount of EPDM(5g) was dissolved in
156ml of toluene placed in a 1 liter separable flask
provided with a modified Hopkins cooler(specially
designed for this work),® a thermometer, a glass
tube for bubbling a gas. After dissolution, a mix-
ture of 15g of 2-VN and 10g of MAH with 0.24g
of BPO in 100ml of toluene were added in the
flask. The flask was sealed after charging with ar-
gon and the reaction was carried out under va-
rious experimental conditions(see Table 1).

After a predetermined period of reaction, the
contents were poured into methanol under stir-
ring, the precipitate was filtered and dried in a va-
cuum oven. The nongrafted EPDM was extracted
using n-hexane. The maleic anhydride-EPDM-2-
vinylnaphthalene(MAEV2) graft polymer was iso-
lated from a mixture of several copolymers and
homopolymers obtained as by product, such as
poly(MAH-co-2-VN), poly(EPDN-g-2-VN), and

Table 1. Graft Copolymerization Conditions Used in
This Study

Condition Description

0.50, 1.00, 1.58, 2.00

Mole ratio of
[2-VNJ/[MAH]

Solvent System Tetrahydrofuran( THF)
Benzene
Toluene
Polymerization Time(hr) 48, 60, 72, 96
Reaction Temperature(C) 50, 60, 70, 80
EPDM Concentration( %) 14, 25, 33, 40
BPO Concentration( %) 3.75, 7.5, 11.25
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poly(EPDM-g-MAH) using THF, toluene and ace-
tone. Details of isolation procedure of graft copoly-
mers synthesized are schematically shown in Fig.
1.

The total conversion, grafting ratio, and grafting
efficiency of MAEV2 were estimated by using the
following equation.!*

i) Total conversion(% )=
total weight of crude product

- X100
weight of monomer charged
it) Grafting ratio( %)=
eight of polymer i ft.
weight of polymer in grafts %100

weight of substrate

i) Grafting efficiency(% )=
weight of polymer in grafts

; X100
total weight of polymer formed

Measurements
Structure Identification : The chemical structure

Product

n-Hexane
soluble insoluble
]
EPDM MAEV2
MAH-co-2VN
EPDM-co-2VN
EPDM-g-MAH
THF
soluble insoluble
7 o
MAEV2 EPDM-g-MAH
EPDM-g-2VN -
MAH-co-2VN
Toluene
saluble insaluble
—
EPDM-g-2VN MAEV2
EPDM-co-2VN
- Acetone

soluble | insoluble

MAH-co-2VN | MAEvﬂ

Fig. 1. Block diagram of graft copolymer(MAEV2)
isolation process(Notations are described in the
Text.)
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of polymers was identified by IR spectrophotome-
try(Perkin Elmer 1330).

Thermogravimetric ~ Analysis(TGA) : Thermal
stability was examined with a Shimadzu DT 30A
TGA instrument at a scanning rate of 15C/min.

Light Resistance : The light resistance was de-
termined using Fade-o-Meter(Atlas)(at 60C and
65% relative humidity) and color difference meter
(ND-101 DP). The film specimens were cast from
THF solutions(ca. 3 wt %) on a nonyellowing ure-
thane-coated hiding paper. The films were slowly
dried at room temperature and then kept under
vacuum until they reached constant weight. The
cross-sectional area of the films was 3X5cm? and
thickness was 35um. The color difference(AE) of
the samples after exposing to UV was calculated
using the Hunter-Schofield equation.'®

RESULTS AND DISCUSSION

Identification of Polymers

The isolation procedure of the graft copolymers
obtained is shown schematically in Fig. 1 and ide-
ntified by IR spectra.

Fig. 2 shows IR spetra of EPDM.

The IR spectra of EPDM exhibited characteristic
absorption bands at 2900cm (stretching vibration
of aliphatic C—H bond), 1465cm™(scissoring of
CH,) and 1375cm ™ (bending of CH,). (Fig. 2)

IR spectra of MAEV2 is shown in Fig. 3.

The structure of MAEV2 was idenfified by IR
spectra and exhibited characteristic absorption ba-
nds at 3025cm (streching vibration of aromatic C
—H bond), 2920cm ! (stretching vibration of ali-
phatic C—H bond), 1850, 1770, 1730cm™!(stret-

2100
< a0
8 g0
£ 4
z 20 -
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Wavenumber(cm™)

Fig. 2. IR spectrum of ethylene-propylene-diene ter-
polymer(EPDM).(Chloroform film)
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Fig. 3. IR spectrum of MAEV2.(THF film)

Transmittance( % )
8

Table 2. Effect of Mole Ratio of 2-VN and MAH on
the Graft Copolymerization of EPDM : EPDM : 14%,
Solvent : Toluene, Temp. : 70C, Time : 48hr, BPO :
3.75%

Mole Ratio Total Grafting Grafting
[2-VNJ/[AN] Conversion Ratio Efficiency
(%) (%) (%)
0.50 52 68 26
1.00 48 96 41
1.58 43 95 32
2.00 41 102 32

ching vibration of C=0 bond), 1465cm™ (scisso-
ring of CH,) and 1210, 820cm™! (out-of-plane rota-
tional vibration of aliphatic C—H bond).(Fig. 3)

Effect of Mole Ratio

Table 2 shows the effect of mole ratio of 2-VN
to MAH on the graft copolymerization onto EPDM.
The reaction was carried out in toluene with BPO
(3.75 wt%) as an initiator at 70C for 48hr. The
mole ratio of 2-VN to MAH is changed from 0.5
to 2.0.

It can be seen that the grafting efficiency was
maximum value 41% at the mole ratio 1.0 of 2-VN
to MAH and decreased when the mole ratio of 2-
VN to MAH is higher than 1.0.

Effect of EPDM Contents™®

Table 3 shows the effect of EPDM contents on
the graft copolymerization. The reaction was per-
formed at 70C for 48hr in toluene with a mole ra-
tio 1.0 of 2-VN to MAH. The grafting efficiency
gradually increases with EPDM contents. This re-
sult is probably caused by the increasing diene co-
ntents of graft site in EPDM as EPDM contents
increase.
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Table 3. Effect of Weight Percentage of EPDM Con-
centration on the Graft Copolymerization of 2-VN and
MAH onto EPDM ; [2-VN]/[MAH]=1.0, Solvent :
Toluene, Time : 48hr, Temp, . 70C, BPO : 3.75%

EPDM Total Grafting Grafting
Concentration Conversion Ratio Efficiency
(%) (%) (%) (%)
14 48 96 41
25 57 103 43
33 64 103 50
40 66 83 57

Table 4. Effect of Reaction Temperatures on the Graft
Copolymerization of 2-VN and MAH onto EPDM ;
EPDM : 14%, [2-VN]/[MAH]=1.0, Solvent: To-
luene, Time . 48hr, BPO : 3.75%

Reaction Total Grafting Grafting
Temp. Conversion Ratio Efficiency
(©) (%) (%) (%)
50 38 75 28
60 63 126 29
70 48 96 41
80 54 104 27

Effect of Reaction Temperature

The effect of reaction temperature on the graft
copolymerization is shown in Table 4. The highest
grafting efficiency was observed at 70C within our
experimental conditions as shown in Table 4. It
may be related to the decomposition rate of BPO
as a function of temperature. The grafting was car-
ried out under a constant BPO content(3.75 wt %)
and a fixed mole ratio 1.0 of 2-VN to MAH for 48
hr.

Effect of Initiator Concentration

Table 5 shows the effect of initiator concentra-
tion on the graft copolymerization. The reaction
conditions were the same as those described ear-
lier. The grafting efficiency is not significantly
changed with increasing initiator concentration.
The result is expected since the homopolymer is
formed more readily than the graft copolymer as
initiator concentration increases. This result is in
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Table 5. Effect of Initiator Concentration on the Graft
Copolymerization of 2-VN and MAH onto EPDM ;
EPDM : 14%, [2-VNJ/[MAH]=10, Solvent: To-
luene, Time : 48hr, Temp. : 70T

Table 7. Effect of Reaction Time on the Graft Copoly-
merization of 2-VN and MAH onto EPDM ; EPDM :

14%, [2-VN]/[MAH]=1.0, Solvent : Toluene, Temp.
: 70T, Time : 48hr, BPO : 3.75%

Initiator
Concentration Total Grafting  Grafting
(Based on the Conversion  Ratio Efficiency
Monomer + (%) (%) (%)
EPDM) (wt %)
3.75 48 96 41
7.50 58 126 42
11.75 79 241 44

Table 6. Effect of Solvents on the Graft Copolymeri-
zation of 2-VN and MAH onto EPDM : EPDM : 14%,

[2-VN]/[IMAH]=10, Temp.:70C, Time : 48hr,
BPO : 3.75%
Exp. Total Grating  Grafting
No. Solvent Conversion Ratio  Efficiency
(%) (%) (%)
1 Tetrahydro- 62 93 21
furan(THF)
2 Benzene 64 126 29
3 Toluene 48 96 41

accordance with the Voek’s work.!”

Effect of Solvent®~*

The effect of solvent on the graft copolymeriza-
tion is shown in Table 6. The total conversions
were 62, 64, and 48% for THF, benzene and to-
luene, respectively. The grafting efficiencies were
21, 29, and 41% for THF, benzene, and toluene,
respectively. Thus, it is seen that the grafting effi-
ciency is the highest when toluene was used as a
solvent. The result may be ascribed to the fact that
toluene dissolves the polymers more readily than
any other solvents used, like THF or benzene.
Odian et al. reported similar results of solvent ef-
fect on graft copolymerizations of styrene onto ny-
lon, polyethylene, and polypropylene.22

Effect of Reaction Time

Table 7 shows the effect of reaction time of 2-
VN to MAH on the graft copolymerization onto
EPDM. The grafting was carried out at constant

=M #1678 A2z 19929 3¢

Reaction Total Grafting Grafting
Time Conversion Ratio Efficiency
(hr) (%) (%) (%)
48 48 96 41
60 53 95 43
72 58 115 48
96 59 110 50

Table 8. Decomposition Temperature and Weight Re-
sidue at 450C for Several Samples

Decomposition ~ Weight Residue
Samples* . 5
Temperature('C)  at 450T(%)
ABS 370 13
AES 390 25
MAEV2 424 41

* MAEV2 synthesized from the graft copolymerization

of 2-VN and MAH onto EPDM ; [2-VN]/[MAH]=1.

0, Solvent : Toluene, Temp. : 70C, Time : 48hr, BPO
L 3.75%

EPDM concentration(14% ) and BPO content(3.75
wt%) at 70C. The mole ratio of 2-VN to MAH
was fixed at 1.0. The grafting efficiency increased
with reaction time up to 72hr and then levelled off.
This may be caused by the decrease of the unrea-
cted monomer concentration as well as the inc-
rease of viscosity of the reaction mass along the
reaction path.

Thermal Stability

TGA curves and the decomposition temperature
of synthesized MAEV2 are shown in Fig. 4 and
Table 8. The thermal data of commercially availa-
ble ABS(Japan Synthetic Rubber Co.:]JSR 10
grade) and AES(Japan Synthetic Rubber ; JSR
110 grade) were also shown for comparison.
MAEV2 showed superior thermal stability. As
shown in Fig. 4 and Table 8, the decomposition te-
mperatures of MAEV2, AES and ABS were 424,
390 and 3707, respectively. It was observed that
the decomposition temperature of MAEV2 was hi-
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Table 9. Color Difference Determined by Fade-o-Meter for Several Samples

Sample AE
P 6hr 12hr 24hr 36hr 48hr 60hr 72hr
EPDM 7.62 841 10.42 12.13 12.19 12.90 13.34
ABS 7.77 10.11 12.35 13.47 14.82 15.52 16.26
MAEV2 10.21 10.52 11.71 13.90 13.98 1441 14.64
0= o CONCLUSION
Maleic andydride-EPDM-2-vinylnaphthalene

80} \\
g0l —O— MaAEV2 \\0
—A— AES \

Weight Residue( % )

40+ —[J— ABS
20+
100 200 300 400 500
Temperature(C)

Fig. 4. TG curves of ABS, AES and MAEV2 : heat
rate=15C/min in air.

gher by 54C than that of ABS. The good thermal
stability of MAEV2 may be attributed to the syne-
rgestic effect of EPDM unit and 2-VN component
in the copolymer because of their high heat resis-
tances.?

Light Resistance

The light resistance was semiquantitatively exp-
ressed in terms of color difference(AE) with Na-
tional Beaureau of Standards Unit. The smaller
AE means better light resistance.?*~% The samp-
les were tested in a Fade-o-Meter for 6, 12, 24, 36,
48, 60, and 72hr. Table 9 shows the light resistance
of EPDM, ABS and MAEV2. The grafted MAEV2
was synthesized in toluene with 1.0 mole ratio of
2-VN to MAH at 70C for 48hr. The AE data of co-
mmercially available EPDM and ABS(the same
grades as referred to in Fig. 8) are also shown for
comparison. It should be noted that MAEV2 shows
better light resistance than ABS against long ex-
posure to UV light, even though the MAEV2 shows
poor light resistance when exposed initially to UV
light in the Fade-o-Meter.
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graft copolymer(MAEV2) was synthesized by so-
lution polymerization with radical initiator.

1. In the graft copolymerization of MAEV2, the
grafting efficiency was the highest when the mole
ratio of 2-VN to MAH was 1.0 and reaction tempe-
rature was 70C.

2. The grafting efficiency increased with EPDM
content.

3. The effect of solvent on the grafting efficiency
was increased in the order of toluene>benzene>
THF : The effect of reaction time was increased
up to 72hr and then levelled off.

4. The effect of initiator on the grafting efficie-
ncy was negligible.

5. The thermal decomposition temperature of
MAEV2 was significantly enhanced as compared to
ABS. Namely, the thermal decomposition tempera-
ture of MAEV2 was higher by 54C than that of
ABS.

6. The light resistance of MAEV2 was better
than that of ABS.
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