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ABSTRACT : Intermittent CSR testing was used to investigate the degradation of a hydrogenated NBR(HNBR) O-rings,
and also the prediction of its life-time. The cure system of HNBR O-ring was controlled as sulfur cure and peroxide cure
system. An intermittent CSR jig was designed taking into consideration the O-ring's environment under use. The testing
allowed observation of the effects of friction, heat loss, and stress relaxation by the Mullins effect. Degradation of O-rings
by thermal aging was observed between 100 and 120 C. In the temperature range of 100 - 120 C, O-rings showed
linear degradation behavior and satisfied the Arrhenius relationship. The activation energy of HNBR-S was about 70.6 kJ/mol.
From Arrhenius plots, predicted life-times of HNBR-S O-ring were 31.1 years and 33.7 years for 50% and 40% failure
conditions, respectively. In case of HNBR-P, the activation energy was about 72.1kJ/mol, and predicted life-times were
34.0 years and 36.5 years for 50% and 40% failure conditions, respectively. The peroxide cure system showed slower
degradation rate and higher activation energy than the sulfur cure system.

Keywords : intermittent compression stress relaxation(CSR), life-time prediction, Arrhenius plot, hydrogenated NBR, cure
system, activation energy
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Table 1. The Formulation of HNBR O-rings

Material HNBR-S HNBR-P

Hydrogenated NBR 543 543
Carbon black 32.6 32.6
Zinc oxide 2.7 2.7
DOP 5.4 5.4
Anti-aging reagent 2.8 2.8

Sulfur 0.8 -

Accelerators 1.4 -
Peroxide - 2.2
Total 100.0 100.0




146 Jin Hyok Lee et al. / Elastomers and Composites Vol. 46, No. 2, pp. 144~151 (June 2011)

W3tk HNBRE 7} 25 & 7bw e} 3 S Ajo| = T
T35 0w, 27 HNBR-S, HNBR-PZ 31t}

2. 8 715 3t A

A-Sung Tester(South Korea)2] AS-F0-05 %2!°] convection
ovens 7} w3} A3 ef ARE-EFATE ZF =5 convection
ovend] HA| &9} gauge =55 B WS I} 2% 2=

1 T& yeldth

X

3. 71¥8 &3

[

Intermittent CSR g ll4] 2.5 €] 7]'d ¥ Instron(U.S.A)
AFe] UTM(3345(Q3776) model)S o]&3to] =433t
Indenter= cylinder S E©]™, F7]+= 25 mm x 180 mm (24 =
oholth. 54 £EE 2.0 mm/min®]th.

4. Intermittent CSR =X jig

Intermittent CSR jig= 2% 2] AH8- 375 3183}] Figure
1of] vERd vke} o] A7 Al&bstdt) Jige FAe WAsk
7] 13+ stainless steel2 AFH2-3F31TE. Bottom jig plate®] =71
= 185 mm x 25 mm (diameter X thickness)Z 7|3} th @&
F2hs $13 bottom jig plate®] S KS B 2799 (O-rings
housings design criteria; Korea Standard) 7725 7]+ 2.3 A7
stalom, oju) 7de S4& Qs 37 h5E aeleke] 1
mm 2] o+ ¥ AABIITE F72] 271 4 33.6 mm
x 92 mm x 425 mm(73 x UH] x Zlo]) o]t} FH-o] Ha -
i dial gaugeE ©]-8-3to] 74331t Dial gauge®] 7l 2
3k £4.9] Zlo] HXAE= 001 mmE YEF O, bottom jig plate
©] =7} intermittent CSR 578 ol 2 3Hek Z1-& glapgivt.
2} HEHE jig?] 59 metal plate?] W A= A
& A A= EY)E 3lo] Ra 1.6a(ISO 4288 ; Geometrical
product specifications)? B] &} TE® UTM 2] indenter9} 1=
Sh= metal plate®] 71 27-E 120.0 mm= AT
Metal plate®} indenter®] #|& H|&o] 2+ 48 : 12 Z}o]7} 7]
o], intermittent CSR =78 |41 metal plate®] $] ool 2]k
7Ide SAol exprp e Zlow AR ¥t webA, metal
plate®] $Jo13E WAeh] flste] FAE 40 mm = A5G
t}. Upper jig plate®] =7]:= 185 mm x 30 mm (diameterthick-
ness)= A AISFSITE. Figure 101 YeRA w2} 3ol upper jig
plate®] LH-S FA) 7442} metal plate] T 1% &S
Slste] AABFATE Upper jig plate®] BFetoll shim & 3he sh=
50 mm 20| FEF-5 AT 28E jigell Adstd
22 525 mmE 5 HH, ojw o] FFE2 AA| AHEE
I} FU3F 25%0] k. Upper jig plate] T =2 21742 in-

4 — Load cell

Indenter

—— Upper jig plate

Metal plate

O-ring

—— Bottom jig plate
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Figure 10. Arrhenius plots of a HNBR-P O-ring; (a) 50% and (b) 40% failure conditions.
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