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Abstract: After the grafting of methacrylic acid (MA) to ethylene propylene diene monomer (EPDM), a new peak at 1704
cm™!' corresponding to the carboxylic acid group was observed in the infrared (IR) spectrum. This characteristic MA mol-
ecule peak grew larger as the MA contents were increased. After casting films were prepared from pure EPDM and MA-
grafted EPDM, differential scanning calorimeter (DSC) measurements were made the pure EPDM exhibited a melting point
of approximately 45°C while that of the MA-grafted EPDM was 135~140°C. As the graft ratio of MA increased, the
absorbed heat capacity increased at temperatures near 135~140°C, indicating that an increased amount of MA reacted. Fur-
thermore, owing to the addition of crystalline MA, it is expected that strength of the elastomer will improve as the graft
ratio increases, as a result of the increased number of hard segments.
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Experimental
1. Mgz

Ethylene propylene diene monomer (EPDM, grade: KEP
570P, ethylene content: 70 wt%, ENB type: 4.5 wt%)+= Kumho
Polychemo]| Al FL¢5+H 2™, methacrylic acid (MA, Sigma
Aldrich), benzoyl peroxide (BPO, Sigma Aldrich), toluene
(Junsei Chemical Co., Ltd), acetone (Junsei Chemical Co., Ltd)
2 F7138 <1 AA|glo] A3t EPDM vulcanizate A| 2]
AFE-E= sulfur (Sigma Aldrich), tetramethylthiuram disulfide
(TT, co-crosslinking agent, OCI Co., Ltd), 2-mercaptobenzo-
thiazole (M, co-crosslinking agent, OCI Co., Ltd) T3+ A A7}
% glo] AHgshsich. EPDMe] ¥H8719] =e2 9Is) AHgE

Table 1. Characteristics of the Monomers, Reagents and
Materials Used in the Grafting Polymerization

Abb. Chemical Name Characteristics Make.r/
Supplier
- MW : 86.06
MA Methacrylic acid - m.p. : 14~15°C Aldrich
- b.p. 1 161°C
. - MW : 269.51 .
ODA Octadecylamine Cmp. : 50-52°C Aldrich
. . - MW : 84.08 .
ATA 3-Amino-1,2,4-triazole mp. : 157-159°C Aldrich
. - Colourless solid,
BPO Benzoyl peroxide MW : 24223 Fluka
S Sulfur vulcanizing agent  Aldrich
TT  bis(2-benzothiazolyl)disulfide promoter OCI
M Tetramethylthiuram promoter ocl
monosulfide
. Song-won
S-1076 - antioxidant Chem. Co.
Toluene Toluene solvent Junsei

CH;

|
——+CH,-CH,9r—t CH,-CH )m—(?’f + Functional monomer

CH-CH;

Graft
Polymerization

ik
——+CH,-CH, 97t CH,-CH ),,

CH-CH,~R $—

R : functional monomer

Figure 1. Scheme of functional monomer grafted EPDM.
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80°CE =5 ol AaE FYstHA 100~300 rpm&] &
L2 uytsiA 18E A 3] §3A|X] th dropping funnel
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AE E<J3HHA tolueneo] €34 7] benzoyl peroxide 1 g
dropping 3}l 6 h FF WHEA|A A W34 oA 7h 2=t
=5 B2 F45tct Grafted EPDM (e-EPDM)®] 34
N8+= Figure 19] YRl glen, o]2A FAHE &S
FO| o EY] B2 & m= HET 55X = FESE &2
g, AAste] mRk-g-Eo] A|AE &3t grafted EPDME ¢
ct.

b3}

3. 288%

i

31. 7|17| &™

FT-IR (Fourier transform infrared spectrometer; FT-IR)-2 3}
=9 F2E BAshs H ARk, A= AFE
2 ASTM D4129¢] whg} 95214 A8 7] (Universal Testing
Machine; UTM)E AR-3hod 7}8tgch. E ehgale] 94 5
A& H7}Vsl7] 984 Differential Scanning Calorimeter (DSC,
DSC-Q100)E AHE-3I T th3 0 2 2= 0 w2 B4 3
A8 H71817] Y8l A Dynamic Mechanical Thermal Analyzer
(DMA-RSA3, TA-Instruments)S AFE3}H 3L =4 A] single
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Table 2. Equipments Used in the Experiment

Instrument Usage Model Manufacturing Co.
FT-IR Structural Analysis of Compound FT-IR 430 JASCO
Universal Testing Machine (UTM) Measurement of Resin Property UTM 1433 Instron
DSC Measurement of Thermal Property DSC-Q100 TA instruments
DMA Measurement of Thermal Property RSA3 TA instruments
Hardrometer Hardness Estimation ASKER A Kobunshi keiki
Roll mill Compound Processing 107 Daejung Precision Co.
Press Compound Molding 150 ton Daejung Precision Co.
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F4E grafied EPDME HA] 5 B2clo] SsAIAA
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o) Ao Azt FAH BHS Bkt BE o
2 7} EPDMO] BAE/IE 954 Table 39 vjatzA
22 150~170°Ce] 2EE(open roll)ofl 4] T4 HEE5S &1
g o 45 T AE o]8stod 200°Co A 10 min F<9F A
ot ¥ WARHS AR BB Aot FEE
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o) AL 53) ZH5ko] 1 BRI ST Aot
8- ASTM D4129] ufeh gh5-91% A9 71 (UTM, Zwick-
1435, Zwickyg ARt H7I5HAT. G+ U=E=E(com-
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mm¢! 975 FEHZ A 23 AFHEE ASTM D-37540] &
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Table 3. Composition of EPDM Vulcanizate

Material Weight
Elastomer EPDM(KEP 570P) or grafted EPDM
100
Sulfur 1
TT 1.5
M 1

7F 1EA B Afole W 8T ARES 2719 &
£3}c}. o]9F 22 DSC thermogram .2 HE G| & o] 2%
(glass transition temperature: T,), Y22, 5= 2=, 2
A3t = FYol= AR, <=, 43}, £l Sof B
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4 548 o 5 Yok 2 AN E B JHEAS B
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QI100)2 AFE3HATH 24 L% W el _80-200°CO] T heating
rate= 10°C/min®]| 1 t}.

3.4. HE AI™

Efo]o-g 1 Fx4 wigE3 EPDM &= g-EPDM 7haiuf
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1435)2 AFg38Fa] 200 mm/min®] BrE]&E 2 180° BH] Al
S AAstE o HAH2 FUAE 34 B SR
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Results and Discussion
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=
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Table 4. Composition and Graft Ratio of Casting MA-grafted
EPDM

Table 5. Assignment of the Characteristic FTIR Absorption Bands
of Casting MA-grafted EPDM

Material Exp. No- A [EPDM-g-1 MA-EPDM-g-2 MA-EPDM-g-3
EPDM 100 100 100
MA 7 14 20
Benzoyl peroxide 1 1 1
Toluene 1,000 1,000 1,000
Graft ratio (%) 5 10 15
FA3 MAE oF 30 min F<t AslstHA] wykse] etz
Yg Tt oloja] 80°Ce] LEZAN Aad T}
HA] toluened] €3l X171 benzoyl peroxide 1 g& dropping 3}
3L 6 hr S HESAIAA W3- SgAI7E T2 EEH S A
£ skt = E vk S84 MAZF =<1 € EPDM
= /S uliekat graft ratiog Table 40 LERH ITE. MAS]
Aol £OPISE graft ratioZ} F7SHE AL AT 4 9
et

2. Grafted EPDM2| EMEA

aJg2E Bhg-S 534 MAZE =¥ EPDME 34351
AR +9] IR spectrag Figure 20 YRR, #EE=
E42Q Fow= Table 5o Uetflct. EPDMo| MAS
graftet 3 9] IR spectrumo]| 4] += carboxylic acid group®] &Jgt
1704 o peako] A2 AAE Ho] BEF o, o2} 2o
MA £2}2] £E4 peaks9] A7]= T EE MAY FHgo]
woHdeE o AR FTIR spectrumof| A 2= = 544
Q1 peakE9] assignmentE Table 59 UeER 3o, 0|23t
AYS2RE I E dkgo| 2 3P S AT+ 3l
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Figure 2. FTIR spectra of casting MA-grafted EPDM.

Wavenumber (cm™) Assignment
2920, 2850 EPDM C-H stretch
1704 Carboxylic acid C=0 stretch
Overlapping CH; bending, CH, bending
1460, 1380 vibrations of the EPDM backbone
1270, 1180 C-O strectch

3. DSC 24

EPDM 24|92} 345 grafted EPDMO.2 JjAE T2 7
Z%F o} differential scanning calorimeter (DSC)E A&-5}¢]
SgAe] 91 B4 BARAT, 1 FBE Figure 39 1
el it} EPDM A= 45°C A = of| A melting point7} 2421
59T MAZ} T2t EE Ao o 135-140°C BLo] A MA
7} grafted EPDMoJ|A] X o]= 53t melting point7} Q1= %1
th. MA9] graft ratio7} Z7F844E 135~140°C HZoj| A S

= g0l $7HE= ALz Hol § @& Y MA7LE vk
k= Ae AT 4 Aen, 24420 MAY] 7= <l
3 graft ratio7} £71e<=E hard segment’} S71% o] ©AA]
o] =7t e Ao g GAE
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3 EPDM®] 242 Table 3¢ Uehfgich. EPDM A= 7}
27} HoiA] ] W] LE7} Foldo] weba xget
g0l A&H o ZAH oY $o® FLLd EPDME] 4

~
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Heat flow
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L
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Figure 3. DSC spectra of casting MA-grafted EPDM.
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Figure 4. Storage modulus of casting MA-grafted EPDM.
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Sitt. grafted EPDMQ] 7399l = T, 7} -2 MA~} hard segment
2 Z2Hg5tal E3F oy o3t YEYA 27 A
o] 20X A dE°] EPDM 2| Bt ofye} o
2 7} gt EPDM Rt} =4 YElgth MA9Q] graft ratio?} 5%
%l MA-g-EPDM-18] 7o)l = A& E0] 40°C F27HA]
= %oz 7}w3 EPDM Bt} &4 A =7t 1 o]F o=
ARt 718712 AEHH O R FAE L 200~220°C FLo
Ae AFRAEEC] & o F45HA F2HUT MAY graft
ratio7} 10, 15%%1 Z-$oll= A4 E0] 80°C RI7MA] =
goz slmet EPDMET £A] $AH 2 ol Fol %)
2202 7k 59T MA-g-EPDM-2¢0] H]|3)4] MA-g-EPDM-
32 H 2 204 AFEAAEY A2 71717 AR= A
2 2 ZRIE ]It MAZ} =91 E grafted EPDME] 7 2-oll= &

Table 6. Mechanical Properties of the Casting MA-grafted EPDM

frado] ofd #2243 o 2 A4S Ul 70122 £
L7h FobAH ol 2|7k 23 A o] oA A AR/ E0]
AaEE Aoz gorga. 183 MAY graft ratioZ} 7}
H4E AR S0 § 2 A2 EPDM B2 Yo MA
9] gteFo] oA A hard segment FHEFo] F7HE3 EFF ¢
e A TS FAS dud A9 HEHE 25 ¥
dst7] o

5. 714 Ed

grafted EPDMO] 7144 E43 S4A a2l 93
aggregates @-Jdt= MAY| gHego] B4 mlX]= I3
E3l9th. EPDM AHA| W MA 3t grafted EPDMS Al
FolA 7ad WY oR FIIHE ARt HE, <l
7=, AAE, 300% modulus, CsS H7Islgon A¥E
Table 60 UERHRATE B2 ARGSIA 7FaLsR] ¢far 7fAH
450 & Axsty EAE B7IeE Z$ ¢-EPDMo| =423t
2 A= = Sle 718 =93E o, EPDM ApA| Byt
oftjzt o 2 7w gt EPDMI} Blu s A = QI =7} o &
gtk ol g A= MAZE 2A/A3E oL glo] Ex47te] v
w2 7het o] A8t grafted EPDM 2445 7tof 424
o] Z-8-3e] aggregate”} FAJE o] - Ho| Fobxl7] W&
¢ ACE FHE Y I EH MAY| 3fo] S5
EPDM A B4 W =4048S FAY & A= §H8717h
HolAA o e AFEE 2= aggregatert FA 7] &
o] Ax, JAAZE, 300% modulus7} SFATE QT Cs H714
I}, EPDM #}HA| 9] - -oll= Cs &7 & H7HAHY Fej7t =
TR Ao HelEA g AER o] Ukt 22

oo My o

¥

o

it

EPDM MA-g-EPDM-1 MA-g-EPDM-2 MA-g-EPDM-3
Graft ratio (%) - 10 15
Tensile Strength (MPa) 2 8.1 9.3 14
Elongation at Break (%) 1240 1,000 920 890
Hardness (Shore A) 35 45~47 49~50 49~51
300% modulus (MPa) 0.6 1.7 2.0 2.5
Cs (%) 99 86.9 81.6 80.6
Table 7. Mechanical Properties of the Cross-linked Casting MA-grafted EPDM by Sulfur
EPDM vulcanizate MA-g-EPDM-1 MA-g-EPDM-2 MA-g-EPDM-3
vulcanizate vulcanizate vulcanizate
Graft ratio (%) - 5 10 15
Tensile Strength (MPa) 5.4 9.7 16.1 17.5
Elongation at Break (%) 640 690 710 740
Hardness (Shore A) 48~50 50~53 53~55 53~55
300% modulus (MPa) 2.1 2.3 34 3.7
Cs (%) 28 26 27 25
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Agto] 2= o= 2H-g-51= grafted EPDM&] 73-2-oll = EPDM
AA B} Csgho] WolA] gdgo] e AL e 4= 9
itk 3 7lwst EPDM 9 3 7}wdt MA 3=k grafted
EPDME AR E A 7|&3t o2 YA HS A X35}
o A, AATE, AZE, 300% modulus, CsS F7}F619.2
™ A= Table 79 YEFH ATt grafted EPDMO]| 22 uli g}
gto] 7t woll= ZhaAo] &Js) 7haEA| ¢k 22 2
deute 2 243 U grafted EPDMO] H|8| =, ¢
A7, 300% modulus, Cs 59 71413 Ao o A=
o AAEL 7FAEH QU 1811 grafted EPDMEC) 30 &
7} ¥ grafted EPDM2] 7| A% B40] o $-3l3=d]" o]
gt 2t Otz EY o3 Riw ] =43t 9% 2
2 A% at gof| o3t F/ARY F 7HA] A= o] FAlel
237 iRz FAE U

6. M=t

| ME EM

o

Jm

Grafted EPDM9] 322 48 v|2HA| = Eo|ofg 7ty
T (ATR:automotive tire rubber)& ARE-3}% o0 Elojo]-g 7}
L8] WFHE Table 80 LiEHRYT) 2 Ehololg 7ham
o} 5127 7o) HHEAS A=) Slste] 45t 292] o
ololg 74T Alo]o] EPDMIE 7194 TE/EL g
EPDM 7131 4115 5 e 2ol 4 22, 488 e 4
A2 Brstgon, Bae 7S Table 90 LeRASIT)
MAZ} 2=t ZEEX] ¢F2 7kal EPDM v &2 Eto]o]§ 7}
B MEET S AR T ARRETL Wo doz
= gA 97t 7Hsst T olFA W JA == S40]
W2 EPDMO| A4 /g0l gt Aoz J2He H7} Fof A
B U8 F FRY 277t A2 F2e] HA| gkobA vy

Table 8. Cross-linked Rubber Composition for Automobile Tire

Material ATR
NR 40
SBR 60

Carbon Black 30
Processing Oil 5
Oxidizing Oil 4
Stearic Acid 3
Antioxidant 4
Promoter 1
Sulfur 3

Table 9. Peel Strength of ATR/MA-grafted EPDM

78 Aol SR 2 EH MAY] gl wE
HHEAS H7s] YalA 7ttt wiES A, st o

oFa4=2 EPDM EhA] Z4o] ol A erololg mEy
o] A =71 ¢ =obH Tt MAQ] graft ratioZ} 10% ©|
FY wofl= H&F=o] 1500 kPa o] o2 H7FE o, o]
Aol 49 T YAy neAHe 2Rl Bz

= 9t

o

R
i gt

Conclusion

a8tz E 23} HhHS o|-£31e] EPDMo]| methacrylic acid
E EUAA FARE 2% 253l of7]9 ofwl]
£ =Yste] onium H& FAt= AL R o] TS =Y
of wehA that Z2 AAE IS & U

1. EPDMo]] MAE 122 E #3351 grafted EPDM2 IR
spectrum Arol| 4] EPDMojAE Holx] ¢ 1704 cm™'9]
carboxylic acid®] C=O0 stretch7} Eo]= Z 02 Ko} £3lo]
8 oz wua & AT, MAS) Bl Eoldas
pealct 21 Lo A2 Hot MAS] Fafo] S71as
o Be MAYL ZEEERE AeE BeE 4 it

2. EPDMo]| MAS 182 E £33t A o2 elojojujg 12
2ok 54 43 5 uelAge A} EPDM A9 BaEe
&0 47 w7t Pselglont MAS E98 AL gholol
wg el Reel ot B wha el g
At

3. EPDMo| MAE 1ZtZE £33t grafted EPDM2
EPDMET JIBAH =, A=, FFUFEE 50 37169
82 7144 E40] $7FHAaL, ol recycling B7}F A] 53]
THAlE 271845 A% 222 recycling 7HsAd o] 1tk
A=A
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