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EPDM Rubber and Its Applications

ALt w G (Yeong-Soon Gal, Polymer Chemistry Laboratory, College of General Education, Kyungil

University, Hayang 712-701, Kyungsangbuk-Do, Korea)
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CH,

CH,

J |
Copolymer, EPM: CH,=CH,+CH=CH, — +CH,—CH;7{CH~CH;%;

|CHa (|:H3
Terpolymer, EPDM: CH,=CH,+ CH=CH,+ — «CH,— CHy}%»+tCH— CHZ—)—,L*%
CH-CH;, CH-CHj
ethylene propylene  diene
Scheme 1. Synthesis of EPM copolymer and EPDM terpolymer.
E 1. Dienes in EPDM Elastomers
Name Abbreviation Structure Characteristics Branching
5-ethylidene-2- ENB N fast cure some
norbornene ﬂ’\\l}: CH-CHj good tensile strength
good set
1,4-hexadiene HD CH,=CH-CH,—CH=CH—-CHj; | best compression set none
normal cure rate
scorch-safe
dicyclopentadiene DCPD [/ low cost high
very slow cure
good set
odor

o2 A9 Fe o] FFE AAE THFE-El

th. o7]4 EPDM& EX3d H&E
EPM& 9jm|&tt}(Scheme 1). EX31d FES
g, zzgds) g A39 dgA el v
(nonconjugated diene) 2] TEEL  Edld
Ak AA] AGH A Be] AL Ue A3e
G vy Aol s3HEY R, RATE, ¥
I EXE ®E 19 AASE .

olFoA 71 Bol AMgHE gEAE Tt
Hdx 713si& ey sg ENBolt)h. 2719] o|54a%
of BTl oA we WA TR shtel

o|F Aol TN Fofsta ol e HE 8t

o
2
TR
o L

el olFAYel nFe sPspuge] FAsl €
o AAgehirge Aol o FAT FEe nEA
for=s

B
ZHd| 2Asl= Aol ohla 24 =A
AlEe] Qth, 1 Ay o] LEAEL &

326

E4& ®olA o’

3. 718 =Ma 84

(]

etz E-P 2gdAl= e FE& 45~75%
o fAuZ TEsIH GRASo] FEAAF
3= FAY LEARZE o]FoA ot A A £
Age] Z2AAE Holi= dEHy gFo] HETrE
OHU 7%= (green strength)S Ho|d ¢ B2
S 2018 5 Qleng "t gol3ka AL
o] 554 Hrh ¥ & JdHd FES
o g wHE A2dAe] mll7bEaigd el
A ALojael BEAo] Eolxlthks Holt}. &
I &5 d4%se 2ot F/8iez JdE
RS gol ghig aiate] AL olzg EAE
433l 98t o= FE 255 Fo BHs|of
it EPDM#9 A=& BE 125 C9o &5x4
A =As FUHAE(Mooney viscosity, ML)=
HE 20914 100Atele} gte HRAth ¥& BAF

B ON e ok ki
2 o X reo

o]

M1
N

=

Polymer Science and Technology Vol 10, No. 3, June 1999



IRAZE EAFE ASE B B 2UdR{E
¥ £ Udom (25~ 100 phr), o213 =4 =
o] EAYstA AbsHEa kg o7 Astrt 7}
&35 o] lemz Hfd FoE 93]
BApEe] & A AHE oM A3l e
WPl B A4S fAH 9% 2 aRPEA
s noh ge Jof FUAY 2URE WY
£ Rolth?

zZte] EARFEE(MWD) & iRl E4
2 AAR o2 A7 FUAL AL F
- FaT FAUELFY R gEA A
B2 A$ 135 colA GPCE &A% MWD3E
dol ke Hold, We RABETE 2t
A% E-P 240 olNsl waE =g

2 48A Uk W EASBEEE e 1
23 mill7+2A4, calendermg EA g

HG. olHd TEASE FA)
FUAU Aarh ste $E2 Wy
olg wHozE md H3
& BRAWREE 2= A9
EPDMdA o ot —‘Ll CEOE IERSEXSRSER
BeE=rt wan, Fsdd st 53, JdAol
F35.37) g}’

Gl M= k3] AFE vie} o] EPDMA| R4
AME-ElE Al3e] w=kdE DCPD, ENB, 1,4-HD
0] A o0 FFHA FAsld st EX
ste olFAFE Wy =t U g3 72
7t AF BAgA A0 & dge vAA Hoh
ENBE 2319 714& vl gt A|39] @32 7}
8ol AMgEE ol 3138, 1 o)f+= ENB
7} FF g H4A B =g o—a—i}ii =
HE dolgle olFAH 71Esutgo] g wWE
wj o] b & shije] EHo 2 A Hbg
A& s o2 71X 2d (branched) A}
ool Ay el TEAAZE 3 FHrhe Hol
t}. Branchinge 1ix}e] HH3y 548 243}
=t & 98¢ s gy 549 ¢
5% os) 24¢ Folol EPDMo] 548 3oiz
% 9vh 14-HDE Egeie nEA AE
ENBE ¥33} EPDM°ﬂ HigiA A& =r7t =8y
T2 Aol $43n ARG spusiubgg
aRHoz EE F e FFe] Aot 1,4-HDE
AHg3te] AlZ23 EPDME A9 3271 F2 A
Polog 5% 71FEAL BATM A #HA R

L

_4

+
Jﬁ zo, I
o
P

o

A to
W d
- O'l
FB UE rlo

oo Oy Koo 8o (R
o 2 2 :
mln
rlo
4o

1ot
TR
w2
+F
- T mlm
ﬂ‘ _4

lo T
“”‘ £,

HE BN Moz

IEX 0D JjE A 10 @3 & 19993 69

¥ 2. Physical Constants of Ethylene-Propylene Rub-
bers

Constant Units Value
Density g/cc 0.854
Expansivity(1/V)dV/dT)p |(C) ™! 75 and 8.8x107™*
(1/LXdL/dDp ()~ 25%107*
Specific heat, C, cal/g/C 053
Thermal conductivity cal/s/cm/C [4.2% 104
Refractive index 1.4740%°
1.4524°
1.4423"°
Dielectric constant 10°Hz 25
Dissipation factor 103 Hz 0.2
Diffusion constant, D,q, om?/s
benzene 23 C 6.1x10%
n-hexane 23 C 41x10®
CH)Cl, 23 C 1.3x107
CHCI330 C 1.2x107
Permeability coefficient cm?/s/atmC
CH,Cl, 30 C 2.8x107
H,0375C 45%10°®
Glass-transition temperature| C -60
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4. EPDM 122| =Mdoj|
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MBT, MBTS, CBS, ZMBT, ZDBDP 3.0 phr

ZDBDC, DTDM 2.0 phr
ZDEDC, ZDMDC, TDEDC, TMTD 0.8 phr
DPTT, TMTM, TETD, FDMDC 0.8 phr
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E 3. Applications for EPDM

Tire sidewalls

Inner tubes

Automotive
Weatherstripping(sponge and dense) for doors,

windows, trunk lids

Radiator and heater hose
Air emission hose
Tubing
Brake components
Isolators and mounts
Grommets, body rubber

Appliances
Inlet and drain hose
Boots
Seals
Mounts

Building and construction
Glass sealers

FAZ Aol @A 1 kgl Alofe] o] gtor}
T 45NN daaie] e Adses
Welg Pol ALGE T AUtk BE WRHI} P
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TH= A" EAAE BE3s
il I TEE AR Ar|d 24 =
sxel NEHES ALY gew o AR FF
AL & o] gze] He A3 systemE H L3 o}
. 53] "ANA 2AYA] lap-seal splicesE Tt
Hrholnz A3d Agesrt &
T HHAAEE Ho] HaiMe EFE ¥4 (bloom-
ing)o] dojuiz] gojof AT}

FZ(roof) FolEZ HEsted ay7HE A
AlE datas JAE, A3ES 27 EA, U9
A, B, WeEd Tolth E 4 HoES
EPDM AstE=o EHQ =49 1 7|8 B4
< Yehd Aotk E 5ol A3e EPDM o]lE
o B213 E4& FAF Aonh?

EPDM 3157} 2452 Aol =9i=wHA 253t

Curtain wall gaskets and tapes Aqlel W @A Wb 43E A =
Rubber sheeting for roofing
Pond and ditch liners
Reservoir liners E 4. Typical Recipe for EPDM Sheeting
Agricultural equipment EPDM A 100.00
Hoses N-347 black 120.00
Seed tubes Talc 30.00
Cushioning PARAFFINIC oil type 104B 95.00
Sheeting for grain storage Zinc oxide 5.00
Liquid fertilizers Stearic acid 1.00
Silos MBTS® 2.20
TMTD 0.65
Tank linings TETD 0.65
Wire and cable Sulfur 0.75
Mechanical goods 355.25
Dock fenders Mooney viscosity, ML-4@ 100 °C 53
Belting Mooney scorch MSR-135 C, min 16.0
Gasketing Rheometer 150 C, 1° arc, 1.7 Hz, micro-die
Seals Torque, min. 0.6
O-rings (N.m)max. 2.6
Faucet washers time, ts; 5.0
(min)tc50 10.3
Roll covers tCqo 27.0
DEXED 7l A 10 W35 19999 69 329



F 5. Physical Properties of Uncured and Cured EPDM

Sheet (£ 4)
Calendered Specification
Sheet ASTM.
D-8(tentative)
Uncured
Tensile strenght, max., KPa 965 -
100% modulus, kPa 690 -
Elongation, % 650 -
Cured
Dusted/wrap cure/
3h/60 psi g. steam
Unaged
Tensile strength, MPa 174 9.0 min
Elongation, % 450 300 min
200% modulus, MPa 81
Hardness, durometer A 65 6015 min
Tear strength, die C, N/mm 36.8 22 min
Tensile set-50% extension, % 30 5 max
Aged 7 days/125 °C Air Oven
Tensile strength, MPa 17.6 8.3 min
Elongation, % 290 225 min
Hardness, durometer A 71 -
Linear shrinkage, % 05 2.0 max
Aged 7 days/70°C Water
Weight increase, % 1.6 2.0 max
Ozone Resistance
100 pphm, 50% extension,
7 days, no cracks Pass Pass

&, ZE, trunk lidse] 2EX Y FopAl & 17, =
dojlojgt B e} 32, FNHE 35, A7 7
FEF So] sl A= o™, boots, dia-
phragms, gyromets, isolators, mounts & ¥g
3 Eyola FFo2x @ol AMEE L Qi
AF2k etddlolet 5448 EPDM Huexzeo =
BAE E 69l FEAIBIHTH o] o] E&
EPDM$& o] AMg-sta et ol AL 3t 34
& FAE] M B aUAE ad) o
Folth A" FaFo] vt EPDME 4% #o
AHg-BhE olfre LY/t A8 E Fody] 9
| Meltt. Ground whitinge 712S& %7 ¢3)
A 235t AREEE FlolH HIFWY 2YFE &
THE HEEE 54717 98l A7 A3t
&5, a4y, &2, ¥ZAd dig AR 5
STARE UEHIEE A3} systemE M3 H
m ole} ZE AJE Bt AEG slAe wEA

He HEE Z2E AEE A2 ¢+ 9ot Master

Mo
olr
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I 6. Radiator Hose Compound

EPDM B 105.0
EPDM A 25.0
Zinc oxide 30
N-650 black 130.0
N-762 black 95.0
Ground whiting 40.0
Hight-viscosity, paraffinic oil type 104B 130.0
Stearic acid 1.0
TMTD 3.0
DTDM 2.0
ZDBDC 2.0
ZDMDC 2.0
Sulfur 5

5385

cylinder reservior seal® 5W3l Al%o] Q3 E+=
2A5aF Blo]z §-Fe] § oojn, ofe] BAE wl
ZA17)7] 93 Haese HAdE $4 3] s
of E/PH|7} 50/500) 23k AERge] kAt
2 24 U

EPDM Ao F&Fo] B A9 AF=HA
ol Wol AMEHIAL e 7HHo] HlmA & A&
AP & A= 249E E 7o YT

o] A A Ed o] Fow, od
o] B2 Feo] SFEZ o] Fol7] B 27y

71EAE REEAZIZ A3 AbEEedl, oY
o] B Ed=s EE &olsH s olge
Aol B, ¥, Bopl So AEED. olel 3
BEE AE FUE FANNED B G
2 AYa, of A WA 9 BIe e
Ao TEE U Bed BN TU
= 29& st 220 phry=olt.

szt Eolvt ERa EFvpll&oEeE HE
closed cell extruded EPDM A~ZX|& A&, o
wHoz A&rE ma2A 2488 4 & ENBY
ol B2 EPDM u&xe AH-sH At A8
2EA & o] aFEAE WIS 48 £l
ST @ FFAAE B F3 Qdoh

EPDM 517+= 1 2417} 2he o4, uig,
gL Wad 59 547 gEe] 2% A71E 548
7R3 Qdem g wirel} cable §o2 Wol o]&H
th ffollA AFE EAYdE Hduidez oo ¥
clay®] o] He HAALE A9 953 A2AY
Qe HeiFx gloul, Al AT 4718 B4
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B 7. Highly Extended, Low-cost Compound (Grade
8BA705C12)

EPDM D 50.0
EPDM B 105.0
Zinc oxide 30
N-650 black 250.0
N-774 black 100.0
Ground whiting 200.0
Type 103 Oil 165.0
Zinc stearate 15
MBTS® 3.0
TMTD .8
ZDBDC 15
Sulfur 20

881.8

30 @ 8 @

160 € Cure 182 C Cure
Unaged Physical Properties

Hardness, durometer A 75 75
Tensile strength, MPa 5.9 ‘5.3
Elongation, % 150 180
Heat-aged, D573, 70 hr @ 100°C
Hardness change, pts. +4 +5
Tensile strenght change +5 +23
Elongation change, % -27 -33
Compression Set, D395 Method B,
22hr @ 70°C
% Set 30¢ 30°

Suffix C12-Ozone Resistance,
D1171, 72 hr @ 50 pphm @40°C
Quality retention rating 100 100

¢ Solid specimen. ® Plied specimen.

2 #737] AA red leadg ¥rhsinl =BEYS
PPA717] 8] H3Al|=A) Fe systemS AHE
¥ et o
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AEAFTE 7HE el Z1dsth AgEel
a5 FEEolde] Ropd7lx] H3aF AMgsm 9l
<l ot &84 2dd & H=x5 A, &
2 YA Fo & ALA, G71aA B4A Soloh
£ &2 A5 vvixl2 EPM/EPDM 1
dad oA =34 A, F =3
ol $A =S54 S ST Yk ags
g, polystyrene, poly(acrylonitrile-co-styrene),

nylon Sl 1@ siatd o] shsstne chekg

2ARE
H
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Composite
(including circular
buildup)

Composite
(helical only in dome)
liner

Tangent
line

Liner

Shear ply

Polar boss

Composite
opening +

2] 1. Dome section of typical pressure vessel.
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2t go] WA o|n galvanic corrosiond] o]& F
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EPDM #¢]E 128 #23% % vacuum bag A3
(150 CollA 3A17h) ¥t} dYds & B39} H
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Epoxy resin

Porous if fabricated by prepreg method

Crazed by hydrotest

Woater permeable

Absorbs up to ~ 3.5% moisture

Altered little by moisture at
ordinary temperatures

Composite case

Provides littte impedarnce to moisture

migration
q

Outside atmosphere
-

External insulator,
2.5 mm

Composite case,

{127 mm
Provides no geometric barrier to
moisture
Hydrophilic Keviar may favor moisture
migration; hydrophobic graphite
does not internal insulator.
Altered little by moisture 2.5 10 15.2 mm

2o 4~ Liner, 051 mm

Propellant grain,
| ~ 890 mm

—-—
Chamber atmosphere

&! 2. Radial section of typical rocket motor case. Courtesy of united technologies corporation.

¥ 8. Properties of Carbon Filed EPDM Rubber

(FLEXWARP10468B)
(Uncured)
g & B2 A ANEHA
Resin solids, % 46-54 R-45
Volatile content, % 1-4 V-1
Filler content, % 46-54 R-45
Nominal uncured thickness, in 0.035
Nominal weight 1b/Lin yard 16.7
Nominal broadgoods width, in 20
(Cured)
g E E A AETFE
Tensile strength 0°, psi 750 D-368
elongation, % 45 D-638
Tensile strength 90°, psi 450 D-638
elongation, % 55 D-638
Specific gravity 1.28
cured ply thickness, in 0.024
Hardness, shore “A” 91

Astz7A : 1hr at 295°F at 100psi(295°F2 oigd
Moldell 6 PlyE &3 ¥ Z3A]).

A FEET FAAF Al g hY AzdolE
2 el 2 4 Qled, R 39 1 24 A
FAlzAe] MANGe
b 327t g ge
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%7213 EPDM AdL=9 o2 1 7| 243
AsEe WEHQ B4& Yed RAolth o] &4
& RE Aolxe YE dgdoldos H43t A
Z= Trident C-4, space shuttle, Ariane, Terrier,
Penguin, Tow 5o°] ¢ith. & 9 9A] Fiberite Al
A A 24 zeRolxe] Wi d&golde] &=
2 Jhgste] dujstn 9l Aelgk $7 EPDM A
Hoz9] de} 4¥E EPDM 1Fe| AL #F
2 Jepd Rolth. o] BE Aoz AFEA
AZA) ZALY] v LAt 7 g3 A dA] &t o
Age F2E A LA AFALE
AL 383 44" B-stage F°|EE dAE F
Aol 2ol Hae F eEIdoln 43S Fal
A 715 BiAel HaE oHe 2 Anld F E
2A Zr1e] @x)E)e} o] Primer 7701/Chemlok
238 502 WAD F 1 Y¥ol B TEEE
ARsA ot T+E2Eo] & AS FRYA 97 F
Aol osiMe HHe F#dd FAE zZE EPDM
o] HZo| ojg}$-22 EPDM AL & 3Ad=
FEAA HEE 4 U+ Strip winder 59 ]
g ol&3ix .
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E 9. Properties of Silica-Filed EPDM Rubber (MXSE-
280RT)

(Uncured)
7 = g 4 A97A
Resin solids, % 68-70  R-55A
Volatile content, % 0-4 V-52A
Flow, psi, % N/A
Filler content, % 24-32 R-55A
Nominal uncured thichness, in 0.120
Nominal weight 1b/Lin yard 15
| Nominal broadgoods width, in 22
(Cured)
T = % 4 Aeda
Tensile strength 0°, psi 700 D-412
elongation, % 8.0 Die C
Tensile strength 90°, psi 400 D-412
elongation, % 100 DieC
Specific gravity(g/cm?®) 110 D-792
Cured ply thickness, in 0.05
Hardness, shore “A” 86 D-2240
Specific heat(150 °F) 0.41 C-351
Thermal conductivity 200 °F, BTU/ 0.16 C-177
ft-hr-"F

7338l=7 . 1 hr at 300 °F at 100 psi.

2% REAolxe] AL oo FHF HAo]lxe)
e ydFHAlY F7t] 1EFE FRIAH
ed Ed9Ee 5o B Wade] 75T 24V
A7 P = AepEAe] 53 At
EPDM T ®E ARgsle] d& 718l Z@la 4o
= EPDM IRE AL 4 9= TPM(irans-
power molding)gHez 1 BAE FAAZ AH
h= 9\11:]_.25

EPDM LRFE o[F AF(EFA £ a5A)
e 27t wRAdd ez Ol 33 72 guyele
wWojgoluh,® W JeFel Az ¢ A o A
SzA40M AT B #E A7 FEHsHA A
Pxjo] b =3 a2l 49 I NEL ANE &
£ 1679 fFZtez WEgxHo] 75d flex
joint 5] Fopd| =2 EPDMA 137} A7} 7R
£ UEde 2% 5% 84S 2o 39

HEH T AU

ofe
>

¢

o~

6.d £

AFAA DRE AW FENNTE FFSFAY

IEAED 715 A 1083 3 1999 6Y

Shear Directions 7

—

E t=2.0mm TYP

50.0 mm

Note:This is a
S layer pad

70.0 mm

8] 3. Laminate bearing.

(b)

8] 4. Schematics for the Hutton TLP flex joint :
{a) no deflection and (b) 16° conical deflection.
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