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Abstract: The degradation mechanism and physical properties of an FKM O-ring were observed with thermal aging in this
experiment. From X-ray photoelectron spectroscopy (XPS) analysis, we could observe carbon (285 eV), fluoro (688 eV),
and oxygen (531 eV) peaks. Before thermal aging, the concentration of fluoro atoms was 51.23%, which decreased to
8.29% after thermal aging. The concentration of oxygen atoms increased from 3.16% to 20.39%. Under thermal aging, the
FKM O-ring exhibited debonding of the fluoro-bond by oxidation. Analysis of the Cls, Ols, and Fls peaks revealed that
the degradation reaction usually occurred at the C-F, C-F2, and C-F3 bonds, and generated a carboxyl group (-COOH) by
oxidation. Due to the debonding reaction and decreasing mobility, the glass transition temperature of the FKM O-ring
increased from —15.91°C to —13.79°C. From the intermittent CSR test, the initial sealing force was 2,149.6 N, which
decreased to 1,156.2 N after thermal aging. Thus, under thermal aging, the sealing force decreased to 46.2%, compared with
its initial state. This phenomenon was caused by the debonding reaction and decreasing mobility of the FKM O-ring. The
S-S curve exhibited a 50% increase in modulus, with break at a low strain and stress state. This was also attributed to the

decreasing mobility due to thermal aging degradation.
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where, k(T) is the reaction rate for the process
E, is the activation energy
R is the gas constant (8.314 J/mol K)
T is the absolute temperature

A is the pre-exponential factor (constant)
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Experimental
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2 £0.001 mm A|go2 Uehstth & 71 3k A o] A1 9]
A B A 9iste] AT s1Eke] TAE 20 mmz A
AstH oW, intermittent CSR 24 H-E 53+ FKM O-ring®]
7148 £3 A metal plate?] #oJZ-& WA|817] $48+e] metal

Table 1. The Formulation of FKM O-ring

FKM O-ring
FKM rubber 100.0
Magnesium oxide 3.0
Calcium dioxide 6.0
Wax 1.5
Carbon black 20.0
Plasticizer 0.2
Curing agent 0.3
CF,
—CH,CF ) cr e 1—
X y
VDF HFP

Scheme 1. Chemical structure of FKM rubber
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Result and Discussion

1. XPS
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Figure 1. XPS spectra of FKM O-ring; (a) non-treated, (b)
thermal aging treated (170°C, 24 days).
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Table 2. Atomic Concentration (%) of the Different Elements
Consisting the FKM O-ring According to Thermal Aging at
Atmosphere

Cls Fls Ols
Non treated 45.61 51.23 3.16
Thermal aging treated 71.32 8.29 20.39
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t}.
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Figure 2. XPS spectra, C1s level of FKM O-ring; (a) non-treated,
(b) thermal aging treated (170°C, 24 days).
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Figure 3. XPS spectra, O1s level of FKM O-ring; (a) non-treated,
(b) thermal aging treated (170°C, 24 days).
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Figure 4. XPS spectra, F1s level of FKM O-ring; (a) non-treated,
(b) thermal aging treated (170°C, 24 days).
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Figure 5. DSC analysis result of FKM O-rings; (a) non-treated,
(b) thermal aging treated (170°C, 24 days).
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Figure 6. Load vs. displacement of FKM O-ring by intermittent
CSR test method; (a) non-treated, (b) thermal aging treated (170
C, 24 days).
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Figure 7. Strain/stress curve of FKM O-ring; (a) non-treated, (b)
thermal aging treated (170°C, 24 days).



218 Jin Hyok Lee et al. / Elastomers and Composites Vol. 53, No. 4, pp. 213-219 (December 2018)

indenter7} jig2] 5% E& 53} metal plate®} HZ314
t}. Indenter”} metal plate?} =3t &, metal plate?] stiffness
7} Region 2¢] A Et}. ©]%, metal platex= upper jig plate
ZRE BT EHY, O-ring metal plateo] &Jsle] 71402
er==th. oju], O-ring?) stiffness”} Region 3o A E ).
Metal plate?} O-ring?] stiffness= A 2 o2 7|2 7|E e
= A& ¢ 5 e, o] & A9 wL Oringd 7|dgS
UeldT). Figure 725 € 71 =3} A FKM O-ring?] 7]
&2 2,149.6N (Figure 7 (a)), € 7} =3} & FKM O-ring
o] 71L& 1,156.2N (Figure 7 (b))2 Uebgth 4 7H =
3} AF oA Abae] &3 C-F, C-F2, 18|21 C-F3 A% 38
o ©JaF mobility 749k 0|2 18 g% WM Aefol A2 B
4 o] ofste] 7] o] fagt A2 AlmET 200°C,
24 5 E 71 k3o 9Jste] FKM O-ring 27| 7]
2 thH] 46.2% AshE 71EES Yehl it

4. S-S curve

E 7% =3t A-32] FKM O-ring®] S-S curveE £4]5}o],
59| Figure 79 YetH At & 7H =3} £9] FKM O-
ring W& HEg& Gl =3 A FKM O-ring} B3
sto] F2 59 2 UEtith d 7k =3 d 39 50% B2
EYAL Z+Z 2.72 MPa, 3.41 MPaZ Uehytth &€ 714 =
3} & FKM O-ring2 50% REZ 2= 25.4% F718A9cH €
7+ =3t A Q] FKM O-ring2 3 &o| F7Feto] whet self-
reinforcing effect® YepH, 3] 24 F7sttt. obdk
Aol Ao MEgeat §82 ZH2 221%, 13.61 MPaS & U
Btk ¥, @ 715 =3 39 FKM O-ring wet Ao
Al 118%9] Myt 10.36 MPa2] 382 ettt o= =
37 W3 el uhet 4k3} 9h-g-ofl ©Jste] C-F, C-F3 Aol 3
@24 FKM O-ring?| rigidity7} 5715, o3t 2%
© 2 FKMi} 7HEE Ato]o] A AjtE o] Wolx]7] dj&
of 27] ¥ 3T} I HF &9 ko] WA= A
o2 AtgHch

Conclusion

2 ATl s @ 75 =3}of| WE FKM O-ring®] -3 ¥
shet B4 WSS WS XPS 24 A3}, 285 eV, 688
eV, 531 eVollA 24z} &4, B4, 23 Ak B4 0|35 &
A8t T g0t e FKM O-rings FAsH=  Has
o], Z}Z} 45.61%%} 51.23%9] F=5 UEhT Atas
FKM O-ring& A48} 947} opd o= B7341 3.16%2]
FEE Yetglct o]= FKM O-ring®] A= AR E &
ToA ARG A7HA] 2ol A 9] =Btz Qlste] Abas A7t
zZ7F AAE Ao g AR"h k3 A B2 Y949 =

51.23%N A &€ 7H w3t & 829%= 7hAstg o, Ats o
A9 =X 3.16%0)A 20.39%2 2715ttt FKM O-ring
9] & 71 3= AbSto] 95 B4 A3t vt £E o)F
L Aoz yehygth Cls, Ols, 18]3 Fls 13 24 A7},
FKM O-ring®| =3} 922 C-F, C-F2, C-F3 A oA F=2
e, AFSto] o3t 7284717 B8-S ERlskA.
g 7HE k=3tof| og A sl mobility FAE QI5HA
FKM O-ring®] Gg|dolLEL —1591°ColA] —13.79°CE
221°C Z7}8}¢lt}. Intermittent CSR 24 0183t FKM
O-ring®] 7|Wg B4 A3}, 27] 7|UHL 2,149.6No2 1}
o 4 714 w3t & 7Ud L 1,1562N02 27] 7|™
g ] 46.2% AstE 7L e ot 71E Y
Fraes w3 vhgo) gt A3t 2]} o] = QI mobility 7+
A2 Qg Ao g2 AlgHh S-S curve B4 Ak & 7HE =
3} AZ 9] 50% REHALE 7HzF 2.72 MPa, 3.41 MPaZ =
3} & 25.4% Z718kth & 714 e3}of| 93k FKM O-ring
] mobility7} ZrA3} rigidity7} Z7}1817] W&ol 50% 2E
H27F S, Fe Mg A9 o] IHEE QI

Acknowledgments

£ ATE I FEshe A AR Y T
w8y Rsb A dBo s SO, ol FAS
Yyt

References

1. ISO 11346, “Rubber, vulcanized or thermoplastic — Estima-
tion of life-time and maximum temperature of use” (2004).
2. K. T. Gillen, Robert Bernstein, and M. Celina, “Non-Arrhe-
nius behavior for oxidative degradation of chlorosulfonated
polyethylene materials”, Polymer Degradation and Stability,

87, 335 (2005).

3. K. T. Gillen, M. Celina, and R. Bernstein, “Validation of
improved methods for predicting long-term elastomeric seal
lifetimes from compression stress-relaxation”, Polymer Deg-
radation and Stability, 82, 25 (2003).

4. M. Celina, K. T. Gillen, and R. A. Assink, “Accelerated aging
and lifetime prediction: Review of non-Arrhenius behavior
due to two competing processes”, Polymer Degradation and
Stability, 90, 395 (2005).

5.J. Wise, K. T. Gillen, and R. L. Clough, “An ultrasensitive
technique for testing the Arrhenius extrapolation assumption
for thermally aged elastomers”, Polymer Degradation and
Stability, 49, 403 (1995).

6. K. T. Gillen and M. Celina, “The wear-out approach for pre-
dicting the remaining lifetime of materials”, Polymer Degra-
dation and Stability, 71, 15 (2001).



Study on the Thermal Degradation Behavior of FKM O-rings

219

10.

11.

. R. Bernstein and K. T. Gillen, “Predicting the lifetime of flu-

orosilicone O-rings”, Polymer Degradation and Stability, 94,
2107 (2009).

.J. H. Lee and J. W. Bae, “Life-time prediction of a Chloro-

prene Rubber O-ring Using Intermittent CSR and Time-tem-
perature Superposition Principle”, Macromolecular Research,
19, 6 (2011).

.J. H. Lee and J. W. Bae, “Life-time prediction of a FKM O-

ring Using Intermittent Compression Stress Relaxation (CSR)
and Time-temperature Superposition (TTS) Principle”, Elast.
Compos., 45, 4 (2010).

ISO 3384, “Rubber, vulcanized or thermoplastic - Determina-
tion of stress relaxation in compression at ambient and ele-
vated temperatures” (2005).

R. P. Brown and F. N. B. Bennett, “Compression Stress

12.

13.

14.

15.

Relaxation”, Polymer Testing, 2, 125 (1981).

P. Tuckner, “Compression, Compression stress relaxation test
comparisons and development”, SAE Technical report 2000-
01-0752 (2001).

P. Tuckner, “Compression stress relaxation testing — compar-
isons, methods, and correlations”, SAE Technical report
2001-01-0742 (2001).

S. Ronan, T. Alshuth, S. Jerrams, and N. Murphy, “Long-term
stress relaxation prediction for elastomers using the time-tem-
perature superposition method”, Materials and Design, 28,
1513 (2007).

M. Rjeb, A. Labzour, A. Rjeb, and S. Sayourl, “Contribution
to the Study by X-ray Photoelectron Spectroscopy of the Nat-
ural Aging of the Polypropylene”, M. J. Condensed Matter, 5,
168 (2004).



