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X5 Chloroprene rubber(CR)Q] € % U 543 FAKS E449] 215 &AIZ ethylene propylene diene
monomer(EPDM)3 CR ¥ nitrile-butadiene rubber(NBR) % EH=E 7|wsla27} s1STh. o8 st E-=E 7]4k
o7 I HuREE Axdt I SAS AT CREPDM Hutet= W 50| = AR 4840l
kA &ate] U §4¢] ASE Atk NBR/EPDM HIFe=w WY E40] = JARF EPDM 240] F7}
shol] wje} W5 54d¢] AsF=EUTE. CR = bromo isobutylene isoprene rubber(BIIR)Z “J-83-% NBR/EPDM %
32E== CR % BIR 3% 5phrollA] HE 2 Wiy 540] =31tk BIIRETH CRE 7-83}¥ NBR/EPDM 7
3--E7F NBR 32 T #YsH A A W 54 ol a4 olinh

Abstract: Blending ethylene propylene diene monomer (EPDM) with chloroprene rubber (CR) and nitrile-butadiene rub-
ber (NBR) was carried out to develop a rubber having similar thermal and oil resistance to that of CR. Both thermal and
oil resistance of rubber compounds were studied based on these rubber blends. The CR/EPDM compounds showed
improved thermal resistance, but the oil resistance was not satisfactory due to the poor miscibility between CR and
EPDM. The NBR/EPDM compounds showed improved thermal resistance, but the oil resistance was not satisfactory as
the EPDM content increased in the blend. The NBR/EPDM compounds, which were compatibilized with CR or bromo
isobutylene isoprene rubber (BIIR), showed the improved thermal and oil resistance at the compatibilizer content of 5
phr. NBR/EPDM compound, which was compatibilized with CR and had a finer distribution of NBR, was more effective
in improving oil resistance compared to the NBR/EPDM compound compatibilized with BIIR.

Keywords: nitrile-butadiene rubber/ethylene propylene diene monomer blend, compatibilizer, rubber compound, oil
resistance, thermal resistance.
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tE =744 ek EdlsoM Zhzke] i £A4Jo] 333
o2 WlE7] flEiM = veA S JHAIs oF itk 719
¢ 7tol 4= NBR/EPDM 2@ =0 MAH-g-EPDMS- AH8-3}
AR H7rste] FeAS WA= W) 24884 AL &
Aol Avdrel $AE Wrlele] bl LEZAT Fd)
= WH.° chlorosulphonated polyethylene rubber(CSM), CR,
hydrogenated nitrile butadiene rubber(HNBR), butadiene
rubber(BR) 52| A& &7 HUtste] vA| BEEAE
Z=3t= W% bromo isobutylene isoprene rubber(BIIR)<
NBR/EPDM E#I 9] 83 A = ARg-sle] 48245 7HAdst
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Skslal 2= CR % BIIRS AME3A2 AMg-3le] NBR/EPDM
Avke=o] fd 2 Ui 54300 oA st a5 AL
sttt ol gt 483l ade a1 Auese] Syt o}
et BEZA] M) HlE vEgo R ARSI

Al
=
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=, E Aol IF A5 E= NBR(Kumho petrochemical,
Korea, KNB35L, MLI1+4@100°C=41, H]Z 0.98), EPDM
(Kumhopolychem, Korea, Kumho KEP2371, ML1+8@125 °C
=115, 1] % 0.86), CR(Denka, Japan, DCR66, MLI1+4@100 °C
=70, H]% 1.23), BIR(Exxonmobil, U.S.A, Exxon2244,
MLI1+8@125 °C=46, HlF 0.93)5 AR&-3I3]Th.

7HERIEAGA 2 4Fslold (Hanil chemical, Korea, ZnO)
< A Z 2kslvlad|F(Martin Marietta, U.S.A, MgO)E
AHg-Ekit) B A2 2H ol AKPT. Soci Mas, Indonesia,
STAYS ARE-51S9t). 5342 high abrasion furnace(Columbian
Chemicals, U.S.A, HAF) 7H2-5-213} semi reinforcing furnace
(Columbian Chemicals, U.S.A, SRF) 7H2E-2-5 ARE-519 T}

CR¥ EPDM E-# =29] 7}4 A 2 naphthenic oil(Sunoco,
U.S.A, Sunthen4240)S 28315157, NBR¥} EPDM E==9]
7F4&A| 2 dibutoxyethoxyethyl adipate(Hallstar, U.S.A, TP-
955 Al&38lth I 7t A2 53 Miwon chemicals,
Korea, S), 7} A 2 N-cyclohexyl-2-benzothiazole sulfen-
amide(Dalian richonchem, China, CZ)2} 214 2 dibenzo-

Table 1. Mixing Condition for Rubber Compounding

I** Mixing Time (s)
1 Rubber (EPDM, CR, BIIR, NBR)-(Ram down) 30
[Banbury mixer : 45 °C, 40 rpm]
2 Plasticizer (Oil), C/B, ZnO, STA, Additives 120
3 Sweep (Ram up) 20
4 Ram down mixing and dumping 90
5 Total ram down mixing 240
2" Mixing Time (min)
| First mi_xed compound 3
(Two roll-mill : 45 °C, 12 rpm)
2 S, Accelerator 12
Total mixing 15

thiazole disulfide(Rhein chemie, Germany, DM), tetramethyl
thiuram disulfide(Shandong Sunsine Chemical, China, TT),
CR 7}8&EZAIZ 2-mercapto imidazoline22(Samwon chem,
Korea, NA22)E A3t T 5 A9 oA =
polyethylene glycol(Lotte chemical, Korea, PEG4000)2 A}
3139t} =sPRIAIE. poly(1,2-dihydro-2,2,4-trimethylquinoline)
(Rhein chemie, U.S.A, Rhenofit TMQ)S A}&-3}5t}.

D2 AMRE ¥ 29 AH ME 25 A= Alxe
Table 19 UERd vle} 7o) 20tA|Z R3Y3igict. F2AI=
PAZ717F A& ke 7HLE3 SRF B HAFS &9 AR8-at
o B4 B} 89 AT Sk CR EPDM 21
=9 AR S Al 384dS 71 ¢ )= napthenic
0ilZ, NBRZ} EPDM 2 =29] 7[2A| 2 FA7|E SHslal
ol Wf7dell aalolm WS AN F e 7%
£ 7KL 9= dibutoxyethoxyethyl adipateS ARSI TH 32
T, FAA, EAA, 2P AA, 7haA S 1A £
Banbury mixer(4.2L-Kobelco, Japan)Z 45 °C, 40 rpm Z71
oA Table 19 YebA A2 P8t 224 £ 12}
S92 7kwA] 2 Z2RAARZ S, ZnO, MgO, STA, CZ, DM,
TT, NA22E 37139 two roll mill(10"-2%F, Mirae RPM,
Korea)yS AFE-3FA] 45°ColA 12 rpm 2714 HaYst3 ).

Az IF Phest /AE BY SsoRE 4P
=(150 mmx150 mmx2 mm)E ARESl, d=FTESE =
Agoze APE=(FA 29.0 mmxF7 125 mm)S AME
3taZ, Rheometer 4104 L& Ty 7S BGOSR 3§ HF
TFRAIZRS A28k 160°C 2 180 °Cold ¢+ ZHAES
o]-gstod AL AlxsIATE

1% Zoece ME ¥ JtmSN 5H. 37 fues
2] Mooney FE+ 100°Co| 4] Mooney Viscometer(Alpha
technology, U.S.A, MV2000)E 283} Rotor-Large type®
2 mg A 25 A= HEQl MLI1+4(100 °C)S
AATHAT Hukese] 7HE 3A0M o] A4S 2AK] ¢
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3le] 3 W49l MDR(Moving Die Rheometer, Alpha
technology, U.S.A, MDR2000P)2 A}-&3}o] 160°C 4
180 °CellX] ASTM D20840l| whe} 4 E=(Ty)oh At B4
(Ty), e p TR ZH(Tog0) S ke =

7IAN M &3, 7tusE T Huhese] Z2 AlH
Al ol 359] A AFHES A3t 500N2] Load cell
S 73 universal testing machine(UTM, Instron, U.S.A)<
ARE-EF] 500 mm/min® 177, LS, 100% modulus
(KS M 6518 Al@H)S 3Tt 7Hr a7 Hokxe]
X% ASTM D2240-75 +74°ll we} Shore AY 7 =7
(Asker, Japan)= Z-g3IATE WY 52402 100 °CollA] 2404
A AAS ExsiAZl S UTMS o] 838t I E,
AL 100% modulusE 4312 1 WHalE2 I
th. ASTM D395-18 49| 459 7=55 (compression set)
£ AHAE 100 °ColA 2477+ A7 T AL o] W
3= 243l 4FYTESE HelkE ST Ui &
238 ASTM D471-12a +Z 9 wpet Al HLS 100°C 2
(ASTM No.3, IRM903)9llA 701 7F &<t AAAIZ1 5 7
2ol A A7 Wzt 3 UTMS: o]&-ato] Qde, spghal
£, 100% modulusE Z783}aL 1 ¥Isk&E FRlaqiT).

2 #HOoRce EEX] =M. Scanning electron
microscope(SEM, JEOL, Japan, JSM6390)< ©]-&3}of 7kl
IF Autere] BERAE ZASIGT B S
AAZ AAE HAF A T8 WAIZ] $ Heste]
TS A9} wh S Fo 7 IHE F pHs s
AThS B3t energy dispersive X-ray spectroscopy(EDS, Bruker,
USA, Xflash detector 40105 ©]-&3}o] It o] A4 (N)
Y4l th3l] 13%7F mappingS A5 acrylonitrile A3F-2
73 Q)& NBRO| 25 RIS

21 % EE

CR/EPDM #HI2ES| §M. M= ¥ 7IW §4: CR¥}
EPDM®] ZA1S ZH2} 100:0, 75:25, 50:50, 25:75, 0:100°-2
stof A|Z¥ CR/EPDM 7 3-=% ZH2} CR100, EP25C,
EP50C, EP75C, EP1002-2 WA 3T Z42fe] 3% S
o] thall ZnO 5phr, MgO 4 phr, STA 1phr, HAF 10 phr,
SRF 8 phr, naphthenic oil 22 phrE 13} E33}3L o|ojA] S
1.2 phr, DM 0.67 phr, TT 0.4 phr, NA22 1 phr, ZnO 4 phr<
22 E9tste] HEHoE T HuEE AZsIih
EPDM2] Mooney F=7} CRET} £/ 22 EPDM 4
°of T7IETE AN Huere] Hre Aeskin Ee
EPDM ZAJo] 57}84= scorch time(t,)S &4 7haut
& AIER wEA] Y AT, HA ke B sk A7k
(Tooy AR = A BAT) o= JUH S 2 diene?] T
o] 22 EPDM ZAdo] S715kl whet 7kawhg- xlsio] 2

Z2H, Al46d A1, 202214
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Figure 1. Evaluation of thermal resistance of CR/EPDM rubber
compounds depending on blend composition.
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L S4A: Figure 19] CR/EPDM HI}2=9] yE E4
2 FTAEESE =4 MskE eItk EPDM 24¢]
S7HETE ZE Wsks 2 100% modulus ®3k&o] 7Ha~s}
o I A=) WY §A40] PdEe AS IRl
o]& diene §HFo] 22 EPDMe] CRel| H]al Atz o= 1)
GAdo] $ral7] WEel Ao At SN, 947
T 9 AEe] #WEE-S EPDM Ao F71E ) wel thi
ErEA o2 WslslGlet ole I Huketola S &
’de] CR¥} H|FA 54d¢] EPDM Atole] 73878 A stel] 7]
013t Ao 7 eIt EPDM 2A0] F7FE4E o ¢t
SEaEC| 7l B3 E 5ol adhe A4S U
2it}. o] CRe| EPDMETR= FEH3| 8 S Ho|m 2
EPDM &40 S7Hel uet d1d5E5E8c] 57k Ao
2 A= Ah

LH SAM: Figure 29 CR/EPDM H3e=9] Y& 54
WS eI A 2 W-f-do] getgt EPDM %
Ao ZI1EFE Ax, AR T, A, 100% modulus ¥H3}
&o| BT F7kh Ui 540 AstEle 1S Rl

NBR/EPDM ZO2Ee| §4. Mz ¥ J7tw S§4: CR/
EPDM E#=9] AjoA CRS EA=31S wfo] Wi4 7i
A BIF 7R RS o B E CRET WR/do] ¢
St NBRS EPDM3} E#l=3to] £49] ®stE A
CR/EPDM EZI= FollA 71414 224, W8 2 e i
A ZIpr Had retdd 24S #arsle], NBREPDM
A=) 248 Z7F 100:0, 75:25, 50:502.2 she] A vh-
=2 A3 o 717 N100, E25N, ESONC.2 w35}
At} olE B =o thal] ZnO 5phr, STA 1.5 phr, HAF
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Figure 2. Evaluation of oil resistance of CR/EPDM rubber com-
pounds depending on blend composition.
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om, F7HoE WA WS S8l =shERAl TMQE
7}st AT
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EPDM Z4d°] 57185 scorch time(t,rS Zob4 7kl wh
& AR wEA AP Elom, HF shae] Hagh A7k
(Too) AoiA = 73S Bt o= CREPDM A=
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2 QAo A=

LHY SXM: Figure 3] NBR/EPDM 32290 Y& E4
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Figure 3. Evaluation of thermal resistance of NBR/EPDM rubber
compounds depending on blend composition.
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Figure 4. Evaluation of oil resistance of NBR/EPDM rubber com-
pounds depending on blend composition.

Polym. Korea, Vol. 46, No. 1, 2022



%8 9% -

“dollAl EPDM¥} NBR®| F7F 54& 7H= CRE 783}
A2 A7yt 3 84 VI a3 RAE9lE BIR
S0 483k 2 H718le] NBR/EPDM Zuh-e-=9] EA]W 3}
£ 2kt

E25N9] Aol CRE 712t 5 phr, 10 phr 7Fsle] Alz=E
NBR/EPDM/CR #A¥2E=5 Z12F E25NCS5, E25NC100E W
IR, E25N2] 249 BIIRES 712; 5phr, 10 phr 3715}
o] A|Z% NBR/EPDM/BIR #3}8=%5 717} E25NBS,
E25NB102.2 WA sint. 747he] i Bl =] el ZnO
5phr, STA 1.5 phr, HAF 16 phr, SRF 24 phr, TP-95 20 phr,
TMQ 5 phre 12} &3}skaL o]ejA] S 2 phr, CZ 0.5 phre 2
2t £ste] HEA R IR ARES AxsIS

CR B BIRE F7hslolol e 2 glubere] He =
HEEA] e89koLt, CR o] S7Hg ol Wt scorch time(z,)
2 Zojx 7kl WEg Al =oAL H A shael] Fa st
A ZHTop) A= AL Elstth. CRS 5phr H718E
& W= CREPDM HupEe] Zhaol X SRI=SIE viet
7o) FukgAo] =& CRo| H7FE 224 NBR/EPDM 71}
=0 TR A A1) ADEJAA T, CRE] S22 2}
|77t 71l W8-S BASINA ThEEe SUiEE AHE
At ¥HH CRS 10 phr 713 A$-E 7k A& Al7ko]
0L A A= 9k ofujg} CRo] WxEo] A4S FASPHA
CRe| &=7 2877 AAA 02 7l w5 37
A Fate] 935]8 rta&Ert ke A AU

BIIRS] 7%= H71ES 5, 10 phe2 S7A1700 we} 7}
o SE7F MR T 7R ATH(Te)0] Ao E RS SRl
T AUAT. ©]= BIIR®] CRY B3] Eelglo] =71 2h8
717 AR 02 Tt whe-S HXAANZ A o= it

|1HI® EM: Table 29 483} x]2]¥ NBR/EPDM 7] 3}
=9 7IA4 2445 YERITE CR ¥ BIRS 738314
2 7RIS v =S} 100% modulusell e 2 HErt
UeltA] ekt 314 CR 2 BIRS 10 phr 37H1S 7
ol Algo] dEe AL IR1T 7 ATk PR ES]
FE3 370 ER1EA= SUAIRE, CR 2 BIR 71 9
af Az wA BEER]0| el Aol FEEHA FdE A
o2 nFo] F8A P aHE AT F AT

LHd SAM: Figure 591 CR ¥ BIIRZ AF&3} 22]® E25N
AvteEe] W 54 ¥ I7UFE=E HsE UEpiL

Table 2. Mechanical Properties of NBR/EPDM Compounds
with CR and BIIR as Compatibilizer

E2SN E25N E25N  E25N
E2N "cs cio B5 BIO

Tensile strength (kgf/cm?) 132 129 133 121 129
Elongation (%) 535 536 543 538 558
100% Modulus (kgflcm?) 16 17 16 16 16

Mechanical properties

Z2H, Al46d A1, 202214

T} E25NC59] 73-%- E25N tH] 14705 3 418 shgof
A & Zo)7 e R E3A9E A= 2 100% modulus
Hslgo] 7haislE 1S SRISINITE E25NBSoX %= E25NCS
o] 7399t 22 a3t vERE o, BIIRG] H7FFS S7HA
71 E25NB109A] W& 74 a37F o ZA Uit o]
+ NBR/EPDM E# =014 A&7k CR¥} BIIR®] 3-8-3}
A TS JyHoz 3 Axpz AE ATk AN,
E25NC102] 7$olls o8] £4 Wske-S E25NC59} fAlsh
FAT A= WS 23]y TUHRIE, ol 483t
7S dojdd CRo] ko] Ag A Hiele fid

SI7] Wl Ao 4Tk

JIU=E=SE9] 79 E25N thH] CR ¥ BIRES 483}
A= H7ret A B gaste] 97 38 s3] g
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Figure 5. Evaluation of thermal resistance of E25N compounds
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