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Abstract: The EPDM(ethylene-propylene diene monomer) rubbers used for manufacturing engine radiator hoses
can be degraded by locally generated electrical stress in addition to thermal and mechanical stresses. This
study presents an accelerated life prediction of the EPDM rubber under electrochemical stresses using the
Arrhenius formula under various aging temperatures(60C, 80°C, and 100C). The modified life prediction
formula considers the relationship between the gradient(Ea/R) and the Arrhenius constant(C). The effects of
tensile strain(5%, 10%) on the life of these rubbers were investigated. The aging temperature influences
EPDM rubber life, and tensile strain was predicted. It was confirmed that the modified life prediction was
within the data deviation level of the test.

1. M E SEE SVHAA ddo] By wEd JPH e

s Rolnk oleld JHEAY WEE W w

WERF] e A WHoR Wol A 2 A AFY FYe BHT 5 YA 9

&= ol JhEAId eIt ZhEAE e Tl ) o7} Ay 5= 9leh

He SAAS A FEE S AFAlE TfEA S Edte] dojx Hlo|H R A Ee]

o TR ARV glem ASRES B $ug dFehs Bl oluu S (Anhenius)
stol Aol wEERS me) S ©F  dal WLR(Williams Landel Ferry) %50] 9leh(

bl mEe ofr] exolN nIAEe

+ Corresponding Author, nschoi@hanyang.ac.kr Z7] 5% d8WsrE d sk AlHS 7

© 2014 The Korean Society of Mechanical Engineers o7 Fohste] A F-X9 Master curve 2 A




506 EA

2 Aol dolEE #tste] 45T 4 9
1:]_'(2)

olely s BANL o gd LERES -5
F9e o8 ATE AWEY Kim 508
EPDM(Ethylene-Propylene Diene Monomer) iL%-%
WEI B/ ME R WD $EY 51
%37 99 B LEelA s A gl
9e FAste] obeu g BANORVE B

qe
AT REC S B45 duAE Wrte
pS| [ez]
= M

ol e X 2> o

[e) [e) R
ZYAF RHA B E A5 B s Ao] &

(Acrylonitrile-butadiene rubber)?} EPDMel| w3 <&
wSA RS Faste] BAS Hrbskal ofgu g
AN o7 BE nFEA2Ae w34HS o=

al

ok Lee FO& MA W RE ehulo] ALg:

5
[t
2 lo g ®
g
e rlo o ot o

s
o
ox
)
g2
o N
&
it
o
-
ol
B34
o
)
=
-z
=2
2
j

o, ML
o Hu
&

]

p (o]

selsgieh. w3, el 1gse
5 AN Tl WA

o] FA|(Coalescence) s .= A4 7 A % %]

32 |o

2= o
o

& RO ofh o of
N
:?L_'/
"y
T
-5 o
o
o

i tjo
r1rrﬁl
N, -4 &L
o 2
o
v
Z 0
oOR 2L
=g ol
10

N -
o M ot fo

N

2 w3l2=60T, 80T, 100T)<}
HE(0%, 5%, 10%)°] e Az
Z>(Arrhenius) ¥HA| A& o] &3 7}
Al QF3} a2} gt

N (
S e
_O|L

0,

¢

A

o
o 4o (&

of I X I X Ok rfr oo rlz (T
&

4 Jr N ox%op@ 4 X >

1x T oN

e
i)

2. oftallH A (Arrhenius) A A

ofFlyg- HAAL TEALAL] n-F
a5

BAE e FHY X 1 Al

b
o
r]I,
oo
g3
>
1o oF

-
P 271 %, = ARRE ke WEER AF

(Reaction, 1/time)°] T}

A4 A I EE A ki SAA pel
st 93-S YEtd= AT Arrhenius®] A2
test 2o

k=4 o BT @)

o714, A, C= *<(Constant), E,= &3} ol
U ] (Activation energy, J/mol), R 7]A|4<(Gas
constant, 8.314J/molK), T+ A =%(1) + 2739
A& o)t}

A (Dol A =3kA 544 P B
Frgolgtal s, 2 AFY % = 4 3)¥
=3

b},

Z

4 @l £ s BeEE 45 B 4

QERFH &xo AAR ZIHHY FHI
2 o]

AE)E T8t M e ofe] oA a9
EA A WstE dolof g

o5 E°] Fig. 2& 60T, 80T, 100C A1) I
o] 544 ®stE vEd Folth. &7t B
= 5429 Wt evtkstA wstslm =7
tades 343 WsE ®Belrk vk 74

o & o
T

N



N[
%
i
b
il
43
e

.
>

Activation energy (J/mol)

State of after-aging

Initial_state

A 4

Aging of reaction

Fig. 1 Activation energy

In(P/Py) X 100 (%)

t,, (1=60°C)
Time(hours)

Fig. 2 Property change as a function of time and
temperature

In(t,,)

/T

S 2718 H e SA4EY 30% A
b Fig, 2245 7} 2ol A
544 E‘i:&‘r%ﬂ 0.7¢ wWe] AIZHE T8 5
. o] 7t oA FH ATt Ql Aol
CAESS —?HM Zrel o gh(In(tn) & &2 BFaL

229 94 1/T)E WMIAA Fig. 3

ol

2

tlo

£
o
El of

EPDM al5-9] 7}&:4=1 o

507

e

Table 1 ECD life time data at various temperatures
and strains

Tensile | Temperature Time(hours)
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60 28 | 68 o 224 5
3% 80 18 5 58 —5 164 5
100 10— 32— 129 —5
s 11 E 17 27
60 24 4 59 e 213
10% 80 17 o 49 2159 2
6 13 29
100 9 - 27 B A

7 o] 2™ 4 Qi) oluje] 7] &7
43t AUA(E)E Tt Zlo] 7HEdd ofelY
=

[¢]

{1
Ir

lmf

22 A el AddiaeE Astd 4 3)F Lol
E/8.3147} o] A=, &3t o
8.314x7]& 7|7} -3z T},

71 7](EJ/R) =
HAl E, =

G220 A2 o] AMEEth EPDM a5 /\xﬂ

sl 57 2mme] SN ?‘féEHQl oE AP
EPDM iL%- Ald3s AlAbeiglon, Absakg 47t
7] T2o] A AMSREE B 75T ~ 95T
AFHAH7E Q1Z7]FHRS M0004)oll A 7|02 3=
w3} &% 100CE ifgo}oq =3} &% 60T, 80T
= F/1eIY w8k 60°C, 80T, 100TCNA 7]
AA AFHEAE 0%, 5%, 10%2] AR w3148
85Tk Fig. 40 UERA ulkel o] FHuj
TS 71502 50%, 70%, 90% AstE AlHe] =
SIA TH(ts0, too, too)ye T AR AZPORE TP SEe] of
Ay-5-2= wAA S kel

ZIAA JAAHHE 0%, 5%, 10%3FolA %o
w2 =3}A] 7S Table 1] UFERJ mpe} o) A
A 24 20 G 1048 ARSIl ov a1FA
ge] 54 deolge dAxrt AlskA vErs
oh wEkA 10719 AlgE ol A Ao HA
# odlolHel Ho] WEAEE Hole HoHE
Aeletar 6708 AdH ARZFE FAiks T
o] w3 A 7HS AASETE o]9k o] AAF
6/ Aldde] w=BAES AMEFH At s &)
of ofeyg-2 st BAA S Fekslth

it mlo
L



=1 >~ O 37
508 55 . 2
110
- ——£=0%(100C) - - £=5%(1007C) - £=10%(100°C)
90
80
S 70 H
S
< \
S 60 f
S
—
> 50
-
-
= 40 f
=
30
20
10
0
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Table 2 Data fitting equations of life time versus
temperature at various strains

’I‘enfi]e Reduced current Fitting equation
strain (AUIL,)
- 30% In(t) =3396.5/(1+273)- 6.60
0% - 70% In(t)=2236.5/(t+273)-2.23
- 90% In(t)=1581.7/(t+273)+0.75
- 50% In(t) =3185.2/(1+273)-6.20
5% - 70% In(t) =2312.6/(1+273)-2.65
-90% In()=1715.94t+273)+0.25
-30% In(t)=3025.4/(t+273)-5.85
10% - 70% In(t)=2400.7/(t+273)-3.06
- 90% In()=1730.2/t+273)+0.17
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Table 3 Correction equations of E/R and C as a
function of strain( € )

Reduced current Equation

(A/Ly)
-50% Ea/R = -37.11 ¢ +3387.9

Ea'R - 70% Ea/lR = 1642 ¢ + 22345
-90% Ea/R = 1485¢ + 1601.7
- 50% C=0.072¢ - 6.57
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3,400 ¢ Ea/R=-37.11¢ + 3387.9
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Fig. 7 Relation between E,/R and tensile strains
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