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Aging Mechanism and Lifetime Prediction of Butyl Rubber
Using FTIR Techniques

Zheng Jing Xiang Kewel Huang Guangsu
(College of Polymer Science and Engineering, State Key Laboratory of Polymer Materials Engineering,
Sichuan University ,Chengdu 610065 )

Abstract  Thermal-oxidative aging experiments on butyl rubber were conducted, and structural evolutions of the
rubber during aging were traced by real time infrared technique,and the resulting data were analysized by a 2D corre-
lation spectroscopy analysis. The results suggest that free radicals derived from saturated C—H and C—C bonds which
are attacked by oxygen atoms form slowly at the early stage of thermal aging. And it is a key step to determine the re-
action speed. After that, the carbonyl species are generated rapidly, which results in formation of aldehydes, ketones
and esters etc. and finally by degradation and oxidative. Based on a full understanding on the thermal-oxidative aging
mechanism of butyl rubber, we constructed elementary reaction equations and furthermore, oxidation kinetic models
according to mass action law of each elementary equation. The aging rate ratio of room temperature to high temperature
is obtained by calculation of Matlab program. By fitting the curves described from the oxidation kinetic models with
the data from FTIR tracing experimental for the aging process, it is found that both changes have the same tendency,
which promises an excellent prospect for predicting lifetime of materials.
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Tab.1 Changes and assignments during 170°C thermal-
oxidative aging of butyl rubber whose FTIR absorbing
peak is in wavenumber of 2 800 to 3 200 cm™

wavenumber/cm ™! assignment changes of absorbance
2978 v,.(CHy) !
2952 v,.(CH,) |
2890 v,(CH;) !
2837 v, (CH,) !

HI1E 2 (a) AT EALIS C=C A9 45 4k 5l e K
C—H I f IR S EfEE, C=0 K& C—O0—C %5
RN 7, WA R b A T R AR

T TN T AR A 1R T 1 1
1 £
TERGET ARG L fERSRIREE Pk e
BT T A, BRI h£1C, kA
& [H Nicolet 560 ZLANMYEICRET X T HAG IR &
R B IEAT T IR A Sh AR IB R, Z0AMIR R 3 X (R Oy
500 ~4 000 em™, 43 HEEN 4 em™ , HAHRECH 32
W, KA ] BRI ] A 5 min, B3 BA B A3 284k
JE A IR R G . SRR SEI0 g 4R OC o B A
IIMTEhASLIAMNAE
2 ZER5HW
2.1 FUETERLAIIMEERER ZHHEXDH
SKFH S8 B 0 3 S L0 AN X T 348 e AE
170°C =i % Ak i A v Al 2 25 4 Y v AR 90 A7 T 3R AE,
T RN LA B B Sh A 43 A R A 4 IR 5 i
WX RIS R s i X 2B A7, R 1 (a) ]
LBt & AR R (] R 16 0, T8 2 F A 2 3 H 35 A
WA S BRI A A 3, S B R T — A oG
MR EIR A W 1(b) iR, RS R BRI
S ¥(2 950, 2 970) > 0 F35H12 950 em™ AL{CRM
CH, A PR IR SN ZRT 2 970 em™ AMRFER CH,
FEPA AL, H e B A B P AR e T
SR AT O F TR I ) P 3, T A
fiff B AT HK

/
(K
N

3050 3000 2950 2900 2850

wavernumher/cm"
(b) ZHELTAMEF SR
B 1 TR 170°C TG EAL S A 20 A5 F

Fig. 1 FTIR spectra during 170°C thermal-oxidative aging of butyl rubber whose wavenumber range is in cm™
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oxidative aging of butyl rubber with FTIR absorbing

peak in wavenumber of 700 to 1 900 cm™’

wavenumber/cm ™! Assignment changes of absorbance
1831 ~1 730 v,( C=0 ) il
1610 v( C=C) !
1472 3,(CH,) !
1391,1365 3,(CH,) |

2.2 RAETREHAZFETNT EGRKELES

EHAAGRARPL, T HAR I AEAE F i 08
IEALHLIE, o s R R R = A B, R
it =AW BT RO, 5 S XTI N AR B Y
FROE P an i A S bk B b R o A A
B& e A r vk B AR AR R

2 AT A FE A R BE T ) 4 HGH R A AN TR, 4
FEARRE LB j=1,2,- ,N=1,N, N+1,--- 2N~
1, WA R R .

Ax =L/2(N -1) (1)

IXRERIRT SR FH 22 43 oK R — B 8 — [ fiv 5
B, 20 Ax® GO 1R 22T, 57 R AU BE A BE AT
H5h:

6[02} — [Oz]j B [Oz]j—l

ox Ax
8[022} - [Oz:ljﬂ _2[021_,""[02]]'71 (2)
ox (Ax)

B E BT RSO R B A5 REE 7 vk
(A 25 , P2 T 3K SE 08 1F 5 A0 R B A A s 32 1y R 2
P ALl T 2 A SR ] Matlab 20 38 NI 22 46
() ODE23s F5THe el #) £ (9 A5 1 A7 B0 ok i, Rk
FEAEXFRAY, BV TE j R B R-IE P i S 2N
JZAE AR LB

[ species |, = [ species ],y _; (3)

DU it A A o BE R = ) Ak ¢ I 20 8 1 34 e

HIEIE;7 S S =

FHIB B T2, http://www. yhelgy. com 2013 4F 25 1

FTIR spectra during 170°C thermal-oxidative aging of butyl rubber with wavenumber range in 500 to 2 200 ¢m~
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Fig.3 Comparison between the carbonyl concentration obtained from experimental and the values predicted from

the oxidation kinetic model of butyl rubber during thermal-oxidative aging with different temperatures
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Comparison between the methyl group concentration obtained from experimental and the values predicted from

the oxidation kinetic model of butyl rubber during thermal-oxidative aging with different temperatures
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Fig.5 Changes of carbonyl concentration with thermal

aging time at different temperatures
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