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ABSTRACT : Material characteristics and the prediction of life time of polyacrylic rubber (ACM) for automotive engine
gasket were studied. Two kinds of ACM rubber compounds, having chlorine cure-site and carboxyl cure-site, were made
with optimum formulations and the properties of each materials were examined. As a test results for the thermal properties
and compression set, which are very important in the application for the automotive engine gasket, the compound using
ACM with carboxyl cure-site was evaluated as having a better characteristics than that of ACM with chlorine cure-site.
Arrhenius relationship based on time-temperature superposition principle (TTSP) was obtained through the accelerated heat
aging test to predict the useful life-time for the compound using ACM with carboxyl cure-site.

Keywords * automotive gasket, ACM, compression set, life time prediction

.M B

AEAF A1) Zlmddel] et dR7)E w1 S s
aisgket. 53] dxl7]eS aE:Esh MiE7Es A B veAb
o]t L X mE el FEskaL vk old
o Qe <1 Fo] w917 =7 aeskE o] <zl
w e A sl ot A g e ol =7
LTE AL lE F ol o) dTI2el ot S5t o] zto
B2 e 3 T8 540l H3itk o9k o] <X &
W7 AL, A, gl a1sk 5o dotst A o w W
of whet Aol A= AR 2 - FEsl] Ui
4 B 71EA Y agro] AHH O R oA AL Qv EE

Corresponding Author. E-mail: hslee@sealtech.co.kr

AR A M = A
£ 109 108 v, 57
aL ot

FHZ AFsAF AL TN AR FAR ) 150 T7HA]
Fo WA Q721 W] Slste] g ¥ vl |l
=Y T-E =5 (Compression Set, CS)°] -3t o} 5
(Acrylic rubber, ACM)E @o] A8kl Qlth #H o= ACM
a%-e] o] gt BAS vl /AE] $lske] ACM a9 7k
HES- Afo| Eof w2 7kl ~lel vt whE A7) o] ol R

I:]_'2,3

DFAE S R BHA L%, 0, G4, 71714
$¥ 53 22 AHg 270 I8 B4 A 2213} U 87
Qg 7, A% AVE S5t 22 54 Ask 20l 5o e
g 220 olsl ekl Hek. ol s} o] WFAFS AA



A Study on Physical Properties and Life Time Prediction of ACM Rubber for Automotive Engine Gasket 255

AR LS AR RS A g3t TS dSehs
ol $- o} ekt 2EiA AA| AL S0l 2R 7158
A8 S 3= 715A 8 (accelerated test) BH O 2 HEE A
7ol A2 7S ddshs o] Wol ARgH) 14
Aol tht FEES et 4 w3} 2wl 458
k3l Sap 42 gekst ZpEAEE ] ATE 9ok
H ATellME =8d 543 yadol ekl dA gel

ol
ol
2
Q2
N

S I UEAR I EabAL RS e
S ARl EF £ d5E st AT Ta 54

=0y 1% lom, ofe] 54 A3t Q
A= Yl E4E ARy
Sato] AR ANFEL] A LERTE 5L 2R H-Bheat
ageing) A 713 7H; Al S AEEiokt T d S
E3}o] o)z dlo|E & o} L%~ (Arrhenius) 220 & o]
g3l $E olFsto] WA S

tlo
o
o
>
o9
oft
N
N
ol
ol
¥
o

om 4 o
1. M=

£ AFA = Chlorine Cure-Site ACM L5} Carboxyl-
Cure Site ACM 1155 747} o]g-8}o] = 72 AbgA} <Xl
MAZE T AEE THESIT Chlorine Cure-Site ACM 1L
A E+= TOHPEAFS] ARS25E o] A2 3ho] F A2 A]
&% A58t FEF, 7}AA]E= ADEKAAF ADK CIZER RS-
735, AFSPU A A= Uniroyal ChemicalA}2] Naugard 445, 71
ZA= Stearic acid$} Struktol WS-180< AHE-8FITY, 7haAl 2~
B2 Soap-Sulfurs AHE-3153 T} Carboxyl Cure-Site ACM 1.5+
A 5= TOHPEAFS] XF51605 AH8-8H3l v yof#] 7 A=
ool el ket FASHA SRk & FFmAl 2 obyl 7h
F#1?] Hexamethylenediamine carbamate(HMDC)= AF8-3F51
3 ZZ A= Di-o-tolylguanidine(DOTG)E AFH&-3F3A T

2. NEHz=

AR Zr= 12 a3 23F iR e 2 o)A wltsialnh
12k} 22F w3 2 A 7] 5AFS] 3 0 KneaderE AHE-3FS1
t} 12} #igtell A= Kneader 5738 0.8, Rotor £ 30 rpm,
Chamber 27| 2% 50 C, 5% 120 CTZ AL3131oH, 11
i, FAA, E e WIS 7 Fdske] WAz 1292
2 BT FYsA 483kt 221 migol M= 12 el gE
S 1A 9 SXAE Eof 50 TollA] 583 FLshA agt
sto] #E widetelar, @171 419 8 inch rollers AFH&-3sto]

S8 HE 7 A5 AFE2 187 TolA 107 3 12h
sk 5, 170 CollA] 6A1%F 23} 7stelct. 7t 359 &
d AE2 ZF uligHE Al 3702 AlHS ARE-St]
] I Th A EE= ASTM D224001] whe} A e
Al(Teclock, Japan)E AH&-3te] A1833l T, AF74E 2
& ASTM D4122] el wet RhsAIE 7| (A H A,
Korea) & AHg-sto] Algeldlnt. &7 FollA 3hr7] A2
PFITE &S KS M6518l| whel F7 12.7+0.13 mm, %
7 29 mme] YT A Ao T s ¢4 H]e-S 25%, Al
o 2S5 150 T 37182l 70, 250, 500, 2 1000
AIRE s 247 WAk & bS] oA Ao} Ad2-ellA] 30
AT HF FAE SAdske] okl 24 ()ell ¢
3 Axkereieh T3k X e Aol HAAR A7 AFFTE
&5 (Compression Set, CS)<= A|HA7] W A 2348 <
oM} T dta, AW @Uo] Tl e
Korea)oll Z}7+2] Al@AIZE = WA $E §, AE-S H5783] o
A AW ALl 3081 AT HE S S 6

ek

CS(%) = 7 —
0 2

x 100 (D

CS : 5 T=E=E%)

o3 ] 57 (mm)

t o FEAH A A 302 F A FA(mm)
29014 2] 7] (mm)

s
>

LHEN AR 25 =328 713 X Yo F AL, Korea)©ll
A|BE 23 &% 150 TollA 70417k 10004 7HS W23k 3

=2
AmE, QIYE, 9 AE WekE S4stel 71neAsl v
mgozA YAYE Bk

LA AR W54 A28 A Bl 2, Korea)E AHE-31
7hek a7 AJHE Al 9 A(5W-20) EollA] 150 ‘CollA] 70417k
7} 1000417 WA § AEWs) QISR AlE, 9 A4 M)
&5 FHste] 712 nuge g yiAdSs Hret
(})3\

it

0= KS M6518°l W} €S A &AS A&betglon ¢F
2 25%% Agsto] 7HEAIRE S S8tk ACM 1Al R
of thall ANtA oz A= A7} 150 T2 LA 3lom
2, ASTM D2000°IA 7]t W88 FFar=sto] 150, 160,
170, 2 180 CTE 753 g L7 AAsic) 742e) &
T2 AR 2B dhEAIHe] AzhE A 1E e Y
A GAI7F Eot otEE AElE wsA A w3lE & AlA



256 Hyung Seok Lee et al. / Elastomers and Composites Vol. 47, No. 3, pp. 254~258 (September 2012)

= A2l AUA 3083 2ol WA § B
£ 5748t CSE Al o= HE ARk

7

d 1 2]

(Time-Temperature Superposition Principle, TTSP)E ]%3}04

oy wAIA S Feto] XA AR 8 2 oA 9
S ol Eck
M. 23 o HE

1. DFAES 7|22 ¥ |4 ¥+
AEA QNG AR AREAY BAE A A4 Alw

E 7] fste] A3t midAE Agsky, 7HA S
Z43sko] % 60 (Shore A)C] =22 A|2Fa}3{T). Chlorine
9 Carboxyl Cure-Sites 717 F+ 7 ACM v E15-2] 7]
E‘j}\ﬂj,]_ Lﬂoﬂ)ﬂ al LH OH 1\]6494 @y}% Table 1oﬂ 14.]5]44]%
ol 3EollA Hol #Z & F o] 7 24 AlfelAE
Chlorine %! Carboxyl Cure-Site ACM A 5.9] AFH == <F
100 kg/em’Z & U} 1|81 YERSLTE A& Chlorine-Cure
Site ACM A&7} 315%% YERH B, Carboxyl Cure-Site
ACM Az = 205%= YERYATH

WEEAS A8 A3} Carboxyl Cure-Site ACM A 5.2
AL, AT, A& W3S 25 Chlorine Cure-Site ACM A

O 1o O -y

Table 1. Property changes of ACM Compounds before and after
heat ageing in air and oil, respectively

Chlorine | Carboxyl
Properties Cure-Site | Cure-Site
ACM ACM
Hardness 59 60
Basic 2
Properties TS(kgg/em”) 104 101
Elongation(%) 315 205
Hardness +6 0
70hr | TS (kgfem®) +12 -5
In Air Elongation(%) -17 9
at 150C Hardness +11 +5
1000hr | TS(kgi/em®) 24 -5
Elongation(%) -23 -6
Hardness +6 +1
TS (kgfem’ -1 -14
70hr (kgvem’)
Elongation(%) -37 -5
In Oil Volume Change(%) -0.4 +1.6
at 150C Hardness +11 +8
TS (kgi/em®) -40 34
1000hr .
Elongation(%) -37 -39
Volume Change(%) -0.8 +2.0
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Figure 1. CS changes of Chlorine Cure-Site ACM and Carboxyl
Cure-Site ACM as function of ageing time at 150C; (a) in air,
and (b) in oil.
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Table 2. CS changes of Carboxylic Cure-Site ACM with ageing
time at 150, 160, 170, and 180°C, respectively

150C 160C 170C 180C

time CS time CS time CS time CS
(hr) | (%) | (hr) | (%) | (hr) | (%) | (hr) | (%)

70 9 240 29 120 23 48 21

250 17 360 33 168 30 72 29

500 23 420 37 204 37 84 18

1000 | 28 480 34 240 33 96 24

1500 | 38 600 40 300 34 108 21

2000 44 720 40 360 37 120 27

900 42 420 36 144 33

1080 50 480 40 168 41
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Figure 2. Fitted CS curves based on Table 2 for calculation of
time for CS 40% of Carboxyl Cure-Site ACM.
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Figure 3. Time-temperature relationship of Carboxyl Cure-Site

ACM for life-time prediction by Arrhenius model.
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