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ABSTRACT : In this study, p-acryloyloxybenzoic acid(ABA) was synthesized with p-hydroxybenzoic acid(HBA) and acryloyl
chloride(AC). The synthesized ABA monomer was grafted onto ethylene-propylene-diene rubber(EPDM) in toluene using
benzoyl peroxide(BPO) as an initiator. The structures of ABA and EPDM-g-ABA were characterized by FT-IR, 'H-NMR,
and “"C-NMR spectrometer. The graft ratio of EPDM-g-ABA increased with increasing the concentration of the initiator
and the monomer. Mechanical properties such as tensile strength and compression set of the EPDM-g-ABA were improved
with increasing the graft ratio. The T, and initial decomposition temperature were also increased with increasing the graft

ratio.

Keywords : graft copolymerization, EPDM, graft ratio, p-acryloyloxybenzoic acid, thermoplastic elastomer

I.M =

ojgdal-Zz At IFEPDM)S old Ay} Tz
O = o]Fof WY FEFA A3 vl dHAE
EJst SYA QU BIAIE T AR 2% ole4
& A= <l G AgE o] 9lom o]F o] A
Zhael 9ste] E3hE 7] wiEo] 3, e s, Atk
4 G o] Hojuf zpgaf ool AW, QlE|E|o] A7, Q1A
ESFUE djd, FH, Jjo|Z IF PVC UAAZA AHEE L
ROt vk v 9l AT XA, Fokst g, e AE
4R 2, ARelM e EkAaE AE 5o dilo] Sl

T8 TR e A AT set A
= H7FH Q1 7t d S 7HA] = vl EPDM] A28

2 0w

" Corresponding Author. E-mail: stoh@kiflt.re.kr

WAL, Bge] &

NS =go) 35 e
FrhasEl] S5 4 heae WA F oA 48E
o=H 24 tpehic

S WA 7es
EPDMO| 45 243}7] flste] vid Hetoladgo]E
(MMA)$} 2~EldE T2 Es ALY MMASH Hld g
A TP E o YddS A7 nAe A7 B
ul Qlth Fu 5+ EPDMe] &A53 0% MMAS} ~~El @l
WS AR JEfTE A7 1 TR ES] e E4S
ZARsI o ek Ego] Skt whe) e Bl A

—0 [e]
Sted A7ksol w7ks e 245
7pke] . erdo] i AL 9l

[ gru)

212 F3lo] A 7k R AKBE B 5 9 FEE AW
Arkay B AR 9% Aot ol AL g



Graft Copolymerization of Acrylic Monomer Containing Aromatic Carboxylic Acid Group onto EPDM and Their Mechanical Properties 217

T8 2~6 mol% J 2] o] 1FS T{lst ol 4rt
/d &3 A (ionomeric thermoplastic elastomer, i-TPE)2] 73-$-
Ak o A=(D)ell ko] GrrARl EAS Fold 5
= 5A0] Atk fAF 7t 5438 FAaA R o] AT
s A= wHgA o] e ofsf Ad) delrt dojuhs
3 7k Ao Rejr) 7hsst

EPDMe] &3¢ HEx S8 dor St
MAYS 28R2E A7) A4 S8 I8 rESS ot
HOZ 1.6 wi%O|3lo|ATE FAZINLE L EHFO] 7
wWt%7HA] oA L gel HAS WA S
e o Holute| =A)
71AA 535 A7 37 skl Xie 52 ZHAIAIE BPO
=, SUlE AAAE AHEste] MAS %ol ¥ Al7IE
ATE sl o 1ol T2 EY MAZF B4 @] 7)o
gtrta A8kl eh” Chino= EPDMe] 3-0bu] -1 2 4-E 2o}
5 S3ol Esta 4 Ao o] Tl wet
AAAE} HEHAs} e 7A4 Zert 5% 54E
Yebdicha B wskgioh
AR, o]l gt A& AMEEE o] 2152 =Y 4 T

10 30 A By

o}

o g4 Folgh Ay VAR 248 AL e ev
71E9) 7V aTE A B2l 24 e VIUE =
Atk olzfgt AS Hetslr] $13lA] maleated EPDM (MA-
EPDM)¥} A4 1184191 Polyamide-65 £ =35lo] o] &2
& T A 7R 59 9 PA-6C] AA3E EF B4
7kl A G397} A veR 9l 2 7AIA E430] 3
Holths A7 Anprt HE AuHPLE AT PHoR
EPDMel A%/ TFAE Iet 2 EAA FAATHE o
st AT dAVA ALY Bad vf glon Beks =5
A71E sk dEFAlE R E ATk 7]1E2] EPDM
Hop 9 AT W J74EEE 58S Ade B4
A Azt 7 Ao ddEo] I AFex s AR
& FoI5k= T A1) hard segmentE =313 WO R AH
) &A1 p-acryloyloxybenzoic acidE 41783131 o] & &
gl S-S o] 43te] EPDMel| A4 TIEfEE A]A o]
A% W Y3t S5 297 Tt w40 ek
[e]

U
L
k)

o LE FE @Al A Bl A ] s
of WhE I ES, 7IAA, 4 SA4E ElEgith

EPDMS570P(ENB; 4.5 wt%, Mooney ML(1+4), 125 C; 53)
(Kumho Polychem A}), p-hydroxybenzoic acid(HBA) (Aldrich

A 2 acryloyl chloride(AC) (TCDE= HE2] A=A glo] AFg-af
Stk EF4, olHE 2 14-dioxane JunseirlS] S5 AloFS
HEo] AgAglo] AHE-sk3iTh

Benzoyl peroxide(BPO)(Aldrich A= chloroform ©. % #1474
8Fo] ARSI IN HCIR OCIAS] R385 ARE-3I9ITh

2. p-Acryloyloxybenzoic acid(ABA)2| &M

250 mL2] 3 EefAadol| FABIUESR 7893 HBAE
HA7vstar wrRkebAA gaix7) F 1 4-dioxanes 3718l Tk
L5 8~12 CTE FAIAA, ACE I S22 4
7d2o| A IN HCl 898 7}ete] Z3glsholct. A4
S osta A&FH o7 WS SHF 52 55

o HOIE-9l, $RF2 AHT F 178 oA 777} ¢
o] o,

] S u) 7HA] AZRAIZ ) oeke 2 JaH e o
A= =5t £ dAoIgl o 5SS 80%0] 1L HE=F
£ 202-205 ColglTt

500 mL2] 47 ¥8]¥ Z2}A~ 0] EPDM, 55418 Table
17} 2& 24 o7 Hrhskal Aait9)7]stel4] EPDMo] &5
ol eHds] gafd wf 744 wRks Al%sith EPDM< ¢
3] F3lAIZ $ 100 T7HA] 5=2A17]13L EF-<llof galA171
BPOSt ABAE #7Fst 5 6417t & HEGAIAA w7}k
JEEY FHAE A

4. 77 BA

ABA 4 EPDM-g-ABA®| #338t% 5732 FT-IRJASCO,
model 430), 'H-NMR % “C-NMR (600MHz Agilent NMR
System) 2 AH8-310] 2Helal3itk 'H-NMR #4] 41 2= DMSO-
deE AHEEFALAL, PC-NMRE] #4] Sl 2= Acetone-deE A
gsklch

Table 1. Reaction conditions of EPDM-g-ABAs graft copoly-
merization

Sample designation EPDM ABA BPO
11 100 5 0.1

12 100 5 0.25
13 100 5 0.5

Ml 100 1.0 0.25

M2 100 2.5 0.25

M3 100 10.0 0.25




218 Hyun Ju Park et al. / Elastomers and Composites Vol. 47, No. 3, pp. 216~222 (September 2012)

2 F ANES BReoR 4G & see] ob
oyahe ¥ o] MBS ARSI, e
o o4 Welx] 9k ul 71
O:

JlN'
O.u

%1o]% EPDM-g-ABA 2] A=
o] Arstaict.

Aatol o 4 ()% AHE

TEREER(%) = (Ws - Wo) / Wo x 100 O

oJ7]o) A W, : I2ZE H EPDM %%
W, : IZE F3H EPDMO &

6. 717 54 5%

Az IE H oAl e] ALlEL WheRIEAI R
(UTM, Zwick-1435, Zwick)E AFE-3lo] 743519 0™ cross-
head 4%+ 500 mm/min® 2 3111 33] WHE SH3 &

}\]_1;]/] o]z1—71—1: ul oi)\ ‘Ei o]./j\r/]. ]Lq] }\]II:]
TE 353 EPDMe E7<le] &3 A1X1 % petri dishol]
Ho 5 AxEE AA 10 mm FAL AHO R A|Z2E Sl
AR G TS S 58 (compression set, Cs)< 150~160
T2 twin rollel A AP A E 0.3 phr 7Vl =33k o
= 150 To] ETeA] 30 <t LAt & WA9gS AA
A 2F 125 mm+0.15 mm, A& 30 mm2] 245 APHS
A|Z3F ASTM D-3754¢] F3te] S35t 45nl&2
25%% 3FaL AlF AL 70 TolA 22417 @ EoflA Az
Eigc M = GFEA oA 77114101 220l 4] 307 W] gt
T HTE TAE SHSAT sLsE Al AR AlHES
3= 0}9,10‘3% 21 (2)°ll &Jete Oé??}%%g%a T8tk

E [kl mlo

oT

1

Cs = (To-T1) / (To-T2) x 100 @)

Cs : GTUFHESE%)

T, : A&
T, : &EFAA N AU 30 & AlFHEL] F7(mm)
T, : 22#0]A4 €] F7I(10mm)

7. 9% 5N &Y

TSI E FEEAL R mE 44 Ass A
$3Fo] DSC(differential scanning calorimetry, Q20, TA) %

TGA(thermal gravimetric analyzer, Q500, TA)E A}-&-3}SIth.
DSCO SHLE HEE 90 T~300 Colal $255E 10
2w9)7] stellr SHEE

C/min®] 21T} OQE‘OH R e
2] 30 T~800 C, 52ETE= 10 Cmin® Z sto] =4skith

O E 3E g AME-E ©eAQl ABA: HBASH AC2)
Hhg-ol oJ3) §Hdetlom Whg S Scheme 10 LERAS
t} ?;;Mé% kA ABAS] = FT-IR, 'H-NMR %! "C-NMR
2A o7 gkl 34 vk ABAE 1741 om' oA ester
9] carbonyl stretchmgoﬂ o1&t 733t F59] A, 1634 em oA
4= 94, 1603 cm’ 2 1508 cm’ |4
aromatic C=C stretching & 3=, 1205 cm'o|A -C-O-C
stretching®l] 23 73t T 925 eItk 'H-NMR 23}
CH,=CH- 23] 524 137} 6.2-6.6 ppmol| A, F3FE 118
o] 49 A7} 7.3-8.1 ppmollAl, -OH Ao F43 A7}
12.8-13.2 ppmell A SAl #2E 3131, 2.5 ppmel| 4] DMSO &1
573 9137} YERgtth A0l o)E X9 FUs Ao g
A=Ak PC-NMR A3 c=C2] &2 ¥ =7} 134, 129 ppme]l

vinylic C=C stretching =

H,C=CH
OH ?*0
o
H,C=CH 8~12 °C
+ =
gl o NaOH

¢-0

OH c=0

p-Hydroxybenzoic acid(HBA) Acryloyl chloride(AC) p-Acryloyloxybenzoic acid(ABA)

Scheme 1. Reaction scheme for synthesis of p-acryloyloxybenzoic
acid.

Transmittance(%g

4000 3000 2000 1000 0

Wavenumber[cm'1]
Figure 1. FT-IR spectra of HBA(a), AC(b), ABA(c).
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Figure 4. FT-IR spectra of EPDM and EPDM-g-ABA (Graft ratio:
0.7%, 2.8%, 5.6%).

Aot 72 APEe] Y Zow Addrh
Figure 1~3°] FT-IR, 'H-NMR 2 "C-NMR S3 23S 1}
EFISITE.

2. EPDM-g-ABAS| S4 &4

Figure 4| EPDM¥} EPDM-g-ABA9] FT-IR A#EH S 1}
ERI %Atk EPDMe] thék ABAS] Z12HZ8] AT} 1750 em' oA
ester®] carbonyl stretching ] 7} YERAL, carboxyl group 2]
C=0 stretching 3 =7} 1695 e ol YO ™ 1604 e o]
#] aromatic ring stretching®l] 2]st I 7 2] Yo7 u|Fof
EPDM ¥} ABAS] WhE-o] & o] ol R 55 &Rl 4 Uitk

3. J2f=ZE ZFEH2| 7IAN §Y
AR} A el whE Tk ES Ul 7)A1A 54

< Table 20 JERNSTE EPDM tH] 5 wi%l] Tk S AL
S AMAIA FEE 0.1 wi%ell A 0.5 wt%7FA] S7FA1Z1 A3}

Table 2. Graft ratio and properties of EPDM and EPDM-g-ABAs

Sjarnpl'e Graft ratio Tensile Strength Elongation Cs Decomposition temp. Te
designation (%) (MPa) (%) (%) (0)
EPDM - 4.90 1800 90 403 -45.0
I 0.4 10.02 1700 90 411 -45.0

12 2.8 10.67 1050 72 425 -42.5

I3 3.9 10.82 950 68 426 -42.2

M1 0.6 10.21 1650 88 415 -44.8
M2 0.7 10.46 1350 87 416 -43.5
M3 5.6 11.76 900 61 437 -42.6
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Figure 5. Tensile strength and elongation at break of EPDM and
EPDM-g-ABAs.
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