@ Elastomers and Composites Print ISSN 2092-9676 / Online ISSN 2288-7725
J Vol. 49, No. 3, pp. 181~190 (September 2014) doi: http://dx.doi.org/10.7473/EC.2014.49.3.181
Ethylene-propylene-diene terpolymer (EPDM)2}
itaconic acid2| melt grafting: EF2ZZ41} JHAIM| S5 2 =E9o| sk

| ZlE Z
Fakelw gfshyete), (Sl H AT FALAAT T TRATA
HA4d (20149 492 30Y), F74¢

Melt Grafting of EPDM and Itaconic Acid: Effect of Reaction Conditions and
Initiator Type/Concentration

Ki-Jae Kim, Jong-Woo Bae’, Jung-Soo Kim', Jin-Hyok Lee”, Gu-Ni Kim’, Sang-Taek Oh’, and Wonho Kim'
Department of Chemical and Biomolecular Engineering, Pusan National University, Busan 609-735, Korea
*Innovation Material Research Group, Korea Institute of Footwear and Leather Technology, Busan 614-100,

Korea
(Received April 30, 2014, Revised June 30, 2014, July 16, Accepted July 18, 2014)
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EAo] st 2 E FEES 47] A HA Y vk dEEA 9 ANAl sEE Fehe AL vl Fos)Th
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IEE &, JI3ZE 88, §5SEXFMD 2 A T Fol ux= G nESILE JNAAl FellA 2,5—di—-
methyl—2,5—di(tert—butyl peroxy) —hexane (T—101)7} 7P 953 I2t2E H % (1.91 %) & YERl o,
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ABSTRACT : Melt grafting of itaconic acid (IA) onto an ethylene-propylene-diene terpolymer (EPDM) with various organic
peroxide initiators was performed. Finding the optimum mixing conditions and concentration of ingredients is critical for
effective grafting and optimum properties of grafted materials. This study focused on the effects of mixing conditions
(temperature and time), initiator type/concentration and monomer concentration on the grafting degree and efficiency, melt
flow index, and gel content of EPDM-g-IA. The initiator, 2,5-dimethyl-2,5-di(tert-butyl peroxy)-hexane (T-101), appeared
to meet for the best grafting degree (1.91%). The grafting degree increased markedly by increasing the amounts of monomer
IA and initiator T-101. The grafting degree also increased by increasing mixing temperature and time. The optimum monomer
and initiator concentrations and reaction temperature and time were found to be about 5wt%/0.05wt% and 160°C/15min,
respectively. It was found that the physical properties of EPDM-g-IA were higher than those of the pristine EPDM.
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Table 1. Characteristics of Peroxide Initiators.
Start tem- Maximum
. Half-life  perature temperature Melting
Initiator Abbrev.lated Structural formula (1min of decom- of decom- temperature Molgcular
markin; weight
& (°O) position position (°C)
peak(°C)  peak(°C)
2,5-Dimethy1— OOC(CHjy) OOC(CHjy)
2,5-di
(tert-butyl T-101 CHy;——C——CH, CH;——C——=CH; 148 118 155 - 290
peroxy) |
-hexane CH,; CH;
chugﬁeper' DCP e 171 131 162 43 270
Di (tert-butyl °|”3 T”3 T"a °|”3
pe;::g;go- P-14 Hac—T—o—o—T T—°—°—T—§H 179 148 192 58 338

-benzene CHs CHs CHy
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Table 2. Characteristics of Itaconic Acid.

Functional Abbreviated . .
) Structural formula Molecular weight Melting temperature(°C)
monomer marking
o} CH,
OH
Itaconic acid 1A 131 162~164
OH
(6]

. Al 3. 51 U BN
1. A8 T2 9 Aot EPDM, 1A, EPDM-g-1A9] #8715 21817 $18}o] attenu-

EPDM 37contents of ethylene, propylene and ethylidenenorbormen:
70, 25.5 and 4.5Wt%, respectively, KUMHO POLYCHEM, Korea) KEP
570P£} ¥ =" = itaconic acid (IA, Aldrich Chemical, Milwaukee, WI)
E ARSItk

JWAIAI= dicumyl peroxide (Perkadox BC-FF, Akzo Nobel Co.
Ltd, USA), 2,5-bis(tert-butylperoxy)-2,5-dimethyl hexane(Trigonox
101, Akzo Nobel Co. Ltd, USA), bis(tert-butylperoxy-isopropyl)
-benzene(Perkadox14S, Akzo Nobel Co. Ltd, USA)= A3}
.

412 xylene (Junsei Chemical Co., Japan), acetone (Junsei
Chemical Co., Japan), ethanol(Junsei Chemical Co., Japan)= 5

7F A Qo] AHESAT.
2. Faluy

EPDMaLf-el oJepal Bl 7] #paksl Z|AAlE ARS8t
o Haake plastometer (Rheocord 9000, Haake Co., Germany)=.
S AN LT, WAl whet 8§ el Elsto]
EPDM-g-1AS H/dsk3itt Al /< 7 /\] A (T-101, DCP %
P-14yE AHES1o] 50 pmO.E R0} AZHE WS ek
E Fgsigon, 47138 A AL dgel mebE 1
YL E F3-S F3l EPDM-glAS FJsIith 182 E "EE-
< F3 3493t EPDM-g-IA®} pristine EPDMS 2&-5 4
(open-roll mill)(Yasuda Seiki Co., Model 191-TM, 6")°]A]
160°C-180°C2] &= =2 A|7}3-3F H U2 8 2~(ASUNG Co.,
Model AS-1)°ll4 ¥ZFabg& 713 AEACTA 2 mm)©.2
Az 2 Aol AFE frlHbEE A S
Table 1°] YERS 3, T2 X E HE2-of AFE-H o]E}ZA4H9)
£292 Table 20 L}EMJO*D} EPDMe] ©Je}24ke] 85 Z1e}
28 7§ #WAY S Scheme 10 YERGITE

ated total reflectance(ATR)-Fourier transform infrared (FTIR
6200, Jasco, Japan) spectroscopy s AHE-3FA T ZF ABE2] spec-
trax, 4 cm’! AT ONA 32 scans FIHE RERE =S4 s)o],
2000~600 cm™ HE] ol 715313 th 53] EPDM-g-IAS] MES
oRkS RS Al718E] f18ke] ol fhE R 70°Cell A, 484]
7F EQk T ol E O F 40°Cel| A, 48A|7F BoF FE 310
A st A A A}LET)
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Graft ratio= (Wg - Wy)/W, x 100 1)
Grafting efficiency = (Wy - W,)/Wis x 100 2)
o714,
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Scheme 1. Melt grafting reaction of itaconic acid (IA): (a) EPDM-IA graft formation and (b) EPDM-EPDM gel formation.” 2%
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714,
Winsonsle @ AFLEHLOZ 24A1ZF Q1 $2] 85)|5]4] 92> EPDM-gIA
o] Az
W, 1 OPAIEOZ 40°Col|A] 48A17F 5t n|Hg- o] EFZAkS: A
713+ EPDM-g-1A $7|

Melt flow index (MFI)+= ISO 1133:1999 7+2 ] whe} 190°C
oAl 2.16 kg FAIZ=71 0.2 Melt Indexer CS127-604(CSI Ltd.,
USA)E AHE3le] 57 a1tk QI EAS ASTM 638 T+ 9l
w2} Universal Testing Machine(UTM Model 3345, Instron,
USA)E AH&-3sto] Skl om oAl 7) Al e] S74%ke] 3
& AAEFATE 7 E+= ASTM D-22409] w2} Shore A dur-
ometer (Asker, Kobunshi Co. Japan)= A8} t) Q197 E=
ASTM 624-86-2 wHe} Instron UTM 33453 o]8-3lo] 574313
t}. H]E2 CCly-n-heptane density gradient column O =
23°CollA S shith

m. Zzp & o&

$13k] Table 3

44 JEIES F3 EPDMglAl] $S
| Fel we &

of veRd ukg} o] f7]3AkEkE THAIA
& B7retaal siglom, ojekZate] -8 2I(162~164°C)E
T 3}o] 160°Col|A] Haake plastometer® 123X E RES-A] U]
Fol i dojupi= B3 Figure 10] YERAQITE 71X 2]
el whet E0] Wk Ago] atolE vEhl=d Al E
A 9 B3 7} S5 WAA T-1018 AHE-$E EPDM-g-IA-T
> 7§24l DCPE AFE-3F EPDM-g-IA-D > 7HA1 A P-145 A&
$t EPDM-g-IA-P9] =02 Ul on, o= &§ 12krd
HEg-oll ARgE 7] 3kskE AHAIAS] Al &5 gl BRI
(Table 1)°l] w2 F&FS Fobeich ok Ty vhg B
MAA S/ Aagle] 9002714 S7Fsh= S YERY
t}, 11 o) dellM = vl FHadhe RS eI ol

900% o4 TIFEE WSS sk -9 EPDM 115-9] PPAME

Table 3. Sample Code, Grafting Components, Contents and Properties of Pristine EPDM and EPDM-g-IA Samples.

Grafting components/contents Properties
Sample code EPDM Monomer Initiator MFL Hardness ~ Specific ;e:nsgi Elongation Modulus Modulus  Tear strength
[A(Wt%) (Wt%) (¢/10min)* (Shore A) gravity (MPa) at break(%) at 100%(MPa) at 300%MPa)  (kN'm)
Pristine
EPDM 100 12 46-47  0.86 1.96 1225 0.64 0.89 19.6
El’lilf/#—g— 100 5 T101-1(0.05) 11 56-57  0.87 4.19 1150 1.59 1.95 22.6
EPIiI-\]/I)-g- 100 5 DCP(0.05) 10 59-60  0.87 3.00 1095 1.60 1.87 26.5
EPIDAIE/II)-g- 100 5 P-14(0.05) 9 59-60  0.87 2.82 760 2.00 2.27 235
* 190C, 2.16 kg
25 Pristine EPDM
EPDM-g-IA-T
Ay s EPDM-g-IA-D
ALY —.—-—- EPDM-g-IA-P
20 -
<
@
e
)
E
[2]
c
g EPDM-g-IA
1710
14637
0 200 400 600 800 1000 2000 1800 1600 1400 1200 1000 800 600

Wavenumber(cm'1 )

Figure 2. FTIR spectra of pristine EPDM, IA and EPDM-g-IA: IA,
Swt%, T-101, 0.05wt% and grafted IA content, 4.15wt%.

Time(sec)
Figure 1. Variation of torque as a function of mixing time in an
internal mixer according to the initiator type, at 160°C.
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Figure 3. Effect of mixing temperature on the grafting ratio (a),
the gel content and the melt flow index (b) of EPDM-g-1A: 1A
content; Swt%, initiator T-101 content; 0.05wt%, and mixing time;
15min.
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Figure 4. Effect of mixing time on the grafting ratio (a), the gel
content and the melt flow index (b) of EPDM-g-IA: 1A content;
Swt%, initiator T-101 content; 0.05wt%, and mixing temperature;
160°C.
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Figure 5. Effect of initiator type on the grafting ratio (a), the gel
content and the melt flow index (b) of EPDM-g-IA: IA content;
5wt%, initiator content; 0.05wt%, mixing temperature; 160C, and
mixing time; 15min.
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Figure 6. Stress-strain curves of EPDM-g-IA samples using various
initiators.
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Table 4. Sample Code, Grafting Components, Contents and Properties of EPDM-g-IA Samples.

Grafting components/contents Properties
Sample code EPDM Monomer T-101 Tensile Elongation at Modulus at  Modulus at
TA(Wt%) (Wt%) strength(MPa) break(%o) 100%(MPa)  300%(MPa)
Graft ratio: 0.5% 100 1 0.05 3.7 1010 1.54 1.92
Graft ratio: 1.36% 100 3 0.05 391 1070 1.54 1.92
Graft ratio: 1.91% 100 5 0.05 4.19 1150 1.59 1.95
Graft ratio: 2.49% 100 7 0.05 432 1180 1.61 2.00
Graft ratio: 2.84% 100 10 0.05 4.54 1200 1.73 2.14
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Figure 9. Stress-strain curves of EPDM-g-IA samples using various
graft ratio.
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