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Development of EPDM with Excellent Cold
Resistance
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Sadayuki NAkANO

In recent years, demand has been increasing for rubber products having rubber elasticity in a low temperature

range, that is, excellent cold resistance. In order to improve the cold resistance of rubber products, it is extremely

important to improve the cold resistance of the main component, synthetic rubber. We have developed novel
ESPRENE® EPDMs that have excellent cold resistance which is greater than conventional EPDMs by controlling
composition distribution and copolymerizability with our proprietary technology. In this paper, we introduce the

development of EPDMs with excellent cold resistance.
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ESBR : Emulsion styrene-butadiene rubber
BR: Polybutadiene rubber

SSBR : Solution styrene-butadiene rubber

IR : Polyisoprene rubber

EPDM : Ethylene-propylene-diene terpolymer
IIR : Butyl rubber

NBR: Acrylonitrile-butadiene rubber

CR: Polychloroprene rubber

Trend of synthetic rubber production
capacities in the world
Created using data from cited reference 1).
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KB THIW72EPDM%Table 112/8§ ., Novel
EPDM-1% U*Novel EPDM-2A% # Hi 12 B % U 7= fiif 78
12BN BEPDM T & . EPDM-AK O'EPDM-Bi3 /3
FUTLRDF -5 F— - F o &fil#, EPDM-CX&
U'EPDM-Di3 £ 4 v & v filiific L D EAE S h il
DEPDMTH %, WFhd T FL vV HFRMEL ., it
EIZENRS L EZLONBEPDMAEIRL 72, =5
LY EBEKUVENBE RIS THIELZETH 5
(mFL vy+7ubL v +ENB=100 wt%) , £7-. &
FEBR TR IV 72 A % Table 21278

2. EBERUMEEEME

L7L/NY N — 34—, I & O
TEXEFI A D JFE R 2 A L 7=, IR IE65%, 1 —
A — O AR 60 rpm.  EAEERIZ 5 5 & Lz, I
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Name Unit Novel EPDM-1 Novel EPDM-2 EPDM-A EPDM-B EPDM-C EPDM-D
Catalyst MOdlf.ied MOdlI.ied Vanadium Vanadium Metallocene Metallocene
vanadium vanadium

Mooney viscosity
(ML 1+4 125 °C) 53 83 59 81 58 65
Ethylene content wt% 46 49 50 51 35 40

ENB content wt% 8.5 3.5 10.0 3.5 14.0 9.0
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LEIEW S Raw materials and compound position

Ingredient Function phr wit%
EPDM Polymer 100 49.6
FEF CB (N550) Filler 60 29.8
Paraffinic oil Plasticizer 30 14.9
Zinc oxide Activator 5 2.5
Stearic acid Activator 1 0.5
Sulfur Curative 1.5 0.7
ZDBC (BZ) Accelerator 2 1.0
TMTD (TT) Accelerator 0.5 0.2
DPTT (TRA) Accelerator 0.5 0.2
MBT (M) Accelerator 1 0.5
Total 201.5 100
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BEEE  Analysis of composition distribution of
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A. EPDM-C X 'EPDM-D & b U T, Tehiix 31K
L TelB TN &35 h 572, TelEHFENE NS
FERIE, TGICH 618 6 N7z A5 & RIS HUK 2 A 8
HOHEETH D Z AR LTS, 512, Novel
EPDM-2iZNovel EPDM-1% 0* ENB & & 2 [6IF2)E T &
L5EPDM-BE b L T%, &KW Te% N L 72,
Novel EPDM-2i{ZNovel EPDM-1X& » & ENB& & AMK
W72 BILK T & 78 > T %, EPDM-C X ' EPDM-D
ISR X EEACHEL AN DD, TF
LY ERPIERICKLS . AFLEP LSBT 572
Wiz, K v —FHOREEB 2L LD Te 2 E<
BoTWbEHEINS,

Novel EPDM-1& EPDM-A® DSC 5~ + — | % Fig. 6
12789, EPDM-AIZ-25 CHEEICIREY — 7 D AfEAE
WHEFR X, Z DK IETGIC T60 CHTIiZia ¥
DAEEMER T R~ BFEL 6N, 2D XD Lk
PR IER0 CUT TR 32 Z &2 6. NN
ICHEYE A 525 8H % 515, Novel EPDM-1id Z
D& BWEY — 7 DAL L TH S 3. Mtk
MEEAEFHELEVWE W TGICOMER Z2 X4
5F—REBESTWS, ZODKIITHIK A %5k L
T5 2 LT, RIE T TOREME S &2 KIS

|ZNovel EPDM-1/% U*Novel EPDM-2{3 #7541 A IE 5 EMUBETH D T LRSI,
IEIEEE The width of 7z and Tz of each EPDM
Name Unit Novel EPDM-1 Novel EPDM-2 EPDM-A EPDM-B EPDM-C EPDM-D
Te °C -53 -58 -50 -56 -40 -46
Width of Ty °C 4.0 3.5 5.1 5.8 4.8 4.9
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MUEPDMD &b LT, ZTF LV UV EEPEWIZE
Phbbd. TFLVHHEOEIGIIES K5 T0 5
ZenHE, RAMESUEIES L->TNWE I LE
ML T3,

f&am & L C. Novel EPDM-1% Uf Novel EPDM-2i%
MR DML T35 212k - T, Mtk L &
SEIFLVYEROKRTNAKE KK, JESME
R DIENKIFIZE KL TWS, 612, AL
HAMEZSD, TF LV VEEHOBIE A KKT S Z &
IZ&koTE, =5 L VEFOMMLEHIHIL T35,
EPDM-A & Novel EPDM-1X UF Novel EPDM-20D K )
v —§HDA X —VEFig. 812, ZDKI BTk
Gr&4 25 2 LT IR T & O FE M D K Z b 13
s h s,

eI L OMEM

1. MEEOFFETFE
Al U 72 656 %H D EPDM % Table 228§ ELA IS
T, FAl—OEMEMFETRERML, TV 2R TE I L

LELIEYS  Product of monomer reactivity ratio and ratio of ethylene chain of each EPDM

Name Unit Novel EPDM-1 Novel EPDM-2 EPDM-A EPDM-B EPDM-C EPDM-D
rirz 0.35 0.36 0.71 0.69 1.47 0.86
EEE mol% 19.2 17.3 30.2 26.2 23.0 19.2
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6FHO EPDM ORI LY — DX —< LD
R DS % Fig. 9 X U Table 512789, T2, T5,
T10. T100XEY 27 AA23°CD 2, 5. 10, 100f5I1Z
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T100 DS Table 31278 L 72 6 f5HD EPDM O Tg
DOFHEIZIZFRCTH D, TeDENRKRE N L &R
LC\%, Fig. 9%\ T, Novel EPDM-2& EPDM-B
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-=- Novel EPDM-1
—— Novel EPDM-2
—+ EPDM-A
-a- EPDM-B
- EPDM-C
-o- EPDM-D

Torsion angle (°)
8

60 -55 50 -45 —40 35 30
Temperature (°C)
BEEEM  Relation between temperature and helix

angle in Gehman torsion test of vulcanized
rubber

EPDM-2iZ EPDM-B & 0 & KR 73 234 200 72812
g LIS T, ACAABRKRELS E->TWEEH
AZ6N%, ZDOR#RIENovel EPDM-1& EPDM-A (2
LTk TH S, —J. EPDM-C XO'EPDM-D (24
LT, Ted@nZers, RChADNS EADE
EAEL . KR FOFZMMEIZFH > Thb EHlTE 5,
ZDOEH, F=~vrRCOMBIZEWTIE, Te KT
R PER D DEBEN KXW EHMERTE, fERD
EPDM & [£#: L T Novel EPDM-273 % & (T 3 &
EAVHIBIL 72,

3. TREHERIC &L M

TRRER I MRS, KR CHAS S =R A (R
TAY— 1) A EE RSO, HEAME LT,
—EDOPERIZE L2 X, ZTOREERD 729
12479 FHili AT H B,

6D EPDM O T 4> — b DX —<v VAL
D RERDAEH % Fig. 10 X U Table 6 12739, TRI10.
TR30. TR50. TR70FILHEZE A 10%. 30%. 50%. 70%
A BMEERL, KWVIZEMEEICERS Z L%
MALTW3B,

Novel EPDM-1% EPDM-A. EPDM-C % U EPDM-D
L5 L. TRIO~TR70 D42 T ORI 5 T
NTWBZEDFh 572, EPDM-AIKSSPER 73 A
TS 2D, WEEICHZFEREEZEL OGNS,
EPDM-C i3 Te A 720 I TRIOIZIR 8 H > T b &
Ebh 3, Novel EPDM-Li &GS 75 A TG AEE
T Te MRV 728, TREAERIZ I CIER I N 71t
FEMERL TS, &, TRIOOF4]iE Table 312
AL 76D EPDM D T DM & IFIFEHCTH %
720, WD E % & & DFRETH 5 TR10IE Te D
BERRKENZLARLTV S,

X 512, Novel EPDM-2% Novel EPDM-1¢& o4
% &, TRIO~TR70DETOIEIEIZHWT, X 5I1ZE
NN E2R L 72, ZHIHR S mB3 kL . KH
HEAENBNI L Z T TEL. ENBEEA3.5%L
KL LZEIZkD, TeMELK BEoTWWB720EH
AbNbd, r—vr AU DA LRI, TRIABRIC

- RN 75 and ratio of modulus in Gehman torsion test of vulcanized rubber

Name Unit Novel EPDM-1 Novel EPDM-2 EPDM-A EPDM-B EPDM-C EPDM-D
Vulcanized Properties (Press cured 170°Cx15min)
Gehman torsion test
T °C -51 -56 -50 -54 -43 —47
T2 °C -44 -50 -36 -44 =37 -41
T5 °C -47 -53 -46 -50 -40 -45
T10 °C -50 -55 -48 -52 -42 -46
T100 °C -55 -60 -55 -59 -48 -52

26

FRiLE 2018



=M BN Z2EPDM DB H

LELIEN TR10, TR30, TR50 and TR70 in low temperature retraction test of vulcanized rubber

Name Unit Novel EPDM-1 Novel EPDM-2 EPDM-A EPDM-B EPDM-C EPDM-D
Unvulcanized Properties
Mooney viscosity (ML 1+4 100°C) 48 75 51 77 58 68
Vulcanized Properties (Press cured 170°Cx15min)
TR test (50% elongation)
TR10 °C =50 -53 -46 -50 -43 —-46
TR30 °C -46 -49 -40 -42 -40 -43
TR50 °C -43 -45 -35 =37 =37 -40
TR70 °C -38 -40 -30 =31 -34 -36
100 4 (Ifo (|:H3
— (Si—0)m— (Si—0)a—
g 89 (I ) (I )
Py CHs CH=CH:
‘é 60 -=- Novel EPDM-1
g —— Novel EPDM-2 BEEEEN Vinyl methyl silicone rubber
S -+ EPDM-A
g -a- EPDM-B
& 2 -o- EPDM-C
-o- EPDM-D
0 1ELIEWA Raw materials and compound position
~60 -20

Temperature (°C)

GBI Relation between temperature and
retraction rate in low temperature
retraction test of vulcanized rubber

BT 3., Novel EPDM-2A iR & i FEM IR TV 5
ZEMNHEL A, —F. Novel EPDM-11&TR10 ~
TR70(ZB8 L Tl Novel EPDM-212 %\ C 2% HIZ N
BENIERTH > 722, 6FHOEPDM O ik
R L —=—KiENMENZD, 28T Y FDL—
Z-KELIRLS B0, MIHERBENLCERS &M
EXNB, T4bH5. Novel EPDM-TIZCREE #3 FR
ENBMILMERKIGVEDSEE L G - A E L
WRY) v —fEEE A %,

eI LREEZEHELT

INFETHHERTZ LS IZ. Novel EPDM-1 ¢ UF
Novel EPDM-2i3 & ffijiif & D 45 55T ek D
EPDM & 3R TWBZ L EZRLTER, —H.
TLAEBICEOTIE, GRETEH I 8EIT A MK
BRI LEZHOBK T LTRET S0 H 5, il
FEIZENRIARTLE LT, flAEY Y a—v
TLARETFOENE, YYaA—VTLDOHTE, =
AAFLYY)T—=rTLH (VMQ) M THRHAL
il T3 (Fig. 11). VMQ % Novel EPDM-1}%
U Novel EPDM-2 T3 5 Z & B uJREMGET 5 7=
WU, NN D PUEETMG % 47 - 720
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Ingredient Function phr wit%

EPDM Polymer 100 49.6

FEF CB (N550) Filler 60 29.8
Paraffinic oil Plasticizer 30 14.9

Zinc oxide Activator 5 2.5

Stearic acid Activator 1 0.5

Dicumyl peroxide Crosslinking agent 2.7 1.3
Ethylene glycol dimethacrylate Co-agent 2 1.0
Total 200.7 100

VMQ& LT, ML - 4y a—=v 7 A
SH851U # i\ 7z, SH851U & ZE4& Al T & % RC-4
(50P) (2,5-bis(tert-butylperoxy)-2,5-dimethyl hexane,
50%~ A % —s3w F) 0.6 phr &2 84 F 1 — )L & Hu
T, 40 CT3rERM L 72, L7233y v R
3. 7L 2 A IV T170 T T105 0 7' L Z K
L. Ko, fohT Vv Ay -1 &2X74H -7
YT 200 CTARFB DRI T2RAUNGE L. AHGT
Ly —b (FL RV =) &5,

. VMQOZAEIZ W =226 5 0 A R L
(PO) ThHo7Z enb, REAOHEEEAEDYE S
72812, Novel EPDM-1}2 U Novel EPDM-2{ZB L C
© Table 7 1Z/R§ PO & i/l L 7zl & & T TR L
720 TV ZRIEDSM %170 CTT20 0 BICZEH L 72
PDAtid, ThECLRMEOEHFTRIET LS — b
(FL 2y —1) #ERLZZ,

TR#RAER 12T, Novel EPDM-1% Uf Novel EPDM-2&
VMQ % ZAli U 72§55 % Fig. 12 % (' Table 81275
T, —40 CLL LD TIZVMQ D J5 AU R A K &
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LEERE TR10, TR30, TR50 and TR70 in low
temperature retraction test of vulcanized
rubber

. Novel Novel
Name Unit EPDM1  EPDM2 "M@

Vulcanized Properties (Press cured 170°Cx15min)
TR test (50% elongation)

TR10 °C -49 -53 -40
TR30 °C -43 -48 —-40
TR50 °C -38 —-42 -39
TR70 °C -33 -36 -39

<. TRIODMEN T Wz, . —40 CARI DKk mH
312 5 Tid. Novel EPDM-1} UfNovel EPDM-20
FWVMQ & 0 & IHEREH K & <. TRI0~TR50 Tid
BhTnwrz, X512, =50 CIZH T 5C. set TiE
VMQ 23100%T & - 72D IZ &k L T, Novel EPDM-1X&
U Novel EPDM-213 %2 1124184%. 80%Tdb . -50 C
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T LAEBOEBRRILICEIRT 2 80 LM sh 5,

ke, TLABIGITRD 6N BMHBED L NI iEE <
O, XDEEEENAERENS LI E->TE
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