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A comparative study of non-isothermal kinetics of
fluoroether rubber under different atmosphere
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Abstract: The pyrolysis characteristics and kinetics of fluoroether rubber in air and nitrogen flow were
studied by thermogravimetric analysis at five different heating rates. The kinetic parameters of the py-
rolysis process were calculated using the method of Flynn-Wall-Ozawa and the mechanism of reaction
were investigated using the method of Popescu. The results suggested that as the heating rates increas-
ing, the pyrolysis temperature of the sample is moved to be higher. There is only one peak in DTG
curves. The sample is more stable under nitrogen flow and the pyrolysis process of it is promoted by ox-
ygen. It was found that the average value of the activity energy in air is 172. 5 kJ/mol, while 260. 9 kJ/
mol in nitrogen. The pyrolysis process in air are well described by the model of Three dimension (R;)
between 340 °C and 370 °C, by the model of Ginstling-Brounshtein (G-B) between 370 C and 380 °C,
and by the model of Zhuravlev (Zh) between 380 °C and 400 ‘C. While the thermal decomposition
process in nitrogen are well described by the model of Ginstling-Brounshtein (G-B) between 400 ‘C and
430 °C, by the model of Three dimension (R;) between 430 ‘C and 460 C.
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Fig. 1 TG curves for fluoroether rubber at vari-

ous heating rates under different atmos-

pheres
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Tab.1 Decomposition temperatures of fluoroether rubber
at different weight loss ratios under different at-
mospheres
THE®E  KRERKS WM KRERR 10 KK RRSH
C /min WA R/ C PO R /C R T./TC
2 350 / 408 358 / 423 377 / 458
4 364 /420 370 / 435 389 / 467
5 367 / 419 374 / 438 390 / 479
6 375 /427 381 / 443 397 / 472
8 380 / 433 387 / 449 408 / 479
W /7T A air, JETH A Ne
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— = —exp(— E/RT) f(a) (D
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Fig. 3 Flynn-Wall-Ozawa plots of thermal decomposi-

tion of fluoroether rubber samples at varying

conversions in air flow
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Tab. 2 Kinetic values determined by Flynn-Wall-

Ozawa method

air N;

E/(kJ/mol™ 1) R E/(kl/mol™") R
0.1 150. 9 0.9690 211.1 0.9922
0.2 154.5 0. 9485 232.2 0.9992
0.3 158. 6 0.9407 251.4 0.9996
0.4 163. 1 0.9442 255.0 0.9994
0.5 167.7 0.9314 258.9 0.9997
0.6 174. 3 0.9369 271.2 0.9983
0.7 187.5 0.9555 284.5 0.9993
0.8 198. 3 0. 9596 290. 2 0.9985
0.9 197.6 0.9551 294.0 0. 9885

average 172.5 - 260.9 -
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Tab. 3 Algebraic of expressions of function g(a) and f(a) of the most common reaction mechanism for gas solid reac-

tions
R PLE BakR g0 WA (o
D — %Y o’ o 1/2
D, YL, B AR TR R at (1 —In(l - [In(1 =) ]!
Ds SHEYRL. BRIE AR [1-0 -] 301 —)?3[1— (1 — /37712
G-B SYEYHC, BAE X FR 1—2a/3 =1 —a)?? 3L —a) 8 —1]71/2
Az B AL B AZ B S A [—In(1 —e) ]2 2(1 —o)[— In(1 — ) ]2
As B AL B AZ B S A [—In(1 —)]'3 3(1 —o)[— In(1 — ) %3
F WE LA FREFS 2B G B AN IO | U — Al —In(1 —a) l—a
F, A R d-t -1 (1 —a)?
R A 35BN (— 48D a 1
R; ARSI SR B T X B 1—( =)' 2(1 — )2
R; MR TN . BRI R R 1= - 3(1 — )23
P-T, AL S AR A In[ (1 +a'2) /(1 —"?)] (1 —aa'?
P-T, FI AL R+ IR % Infa/(1 —a)] - aa

Zh

[1]

AP Hl [(1—a) =17 301 =31 =)V — 17712

R4 AMBRKREZTSPARNERE gla)w X 1/SIEERBEXRBR MIFEE ro
Tab.4 Correlation coefficients R and standard deviations rsp corresponding to various kinetic mechanisms using the

fluoroether rubber data set in air flow

Tw=340 C T.=350 C T.=360 C
e T.=350 C T,=360 C T,=370 C
R rsb R rsb R rsb

D, 0.97051 0. 00020 0. 96546 0.00157 0.97335 0.00892
D, 0.97025 0.00011 0. 96500 0.00083 0.97162 0.00524
D; 0.96999 0. 00002 0.96454 0.00019 0.96992 0.00137
G-B 0.97016 0. 00002 0.96484 0.00019 0.97104 0.00123
A, 0.97505 0.00445 0.99922 0.00200 0.98259 0.01721
As 0.92295 0.00799 0.99605 0.00405 0.94926 0.02206
Fy 0.99637 0. 00083 0.98881 0.00523 0.99580 0.00975
F, 0.99583 0. 00093 0. 98708 0.00620 0.99202 0.01756
Ry 0.99687 0.00073 0.99051 0.00437 0.99774 0.00547
R, 0.99663 0. 00039 0. 98966 0.00239 0.99708 0.00355
R; 0.99654 0. 00026 0.98938 0.00164 0.99671 0.00263
P-T, 0.97606 0.00882 0.99922 0.00410 0.98666 0.03232
P-T, 0.52147 0.13909 0.94366 0.07143 0.73168 0.16866
Zh 0.96948 0. 00003 0.96366 0.00022 0.96684 0.00188

Tw=370 C T.=380 C Tn=390 C

Awn=2 T,=380 C T.=390 C T.=400 C

R rsp R rsp R rsp

D, 0. 99565 0.01099 0.82375 0.08635 0.11889 0.11346
D, 0.99326 0. 00930 0.92503 0.04857 0.60741 0. 09005
D; 0.98902 0.00368 0.98123 0.01039 0.92901 0.02864
G-B 0.99195 0.00252 0.95105 0.01086 0. 76836 0.02309
Ay 0.89219 0.05451 0.61399 0.08817 0.45139 0.05847
Aj 0. 78704 0. 04655 0. 28849 0.05836 —0.32199 0.03539
F 0. 98857 0. 03404 0.90642 0.13693 0.90622 0.15938
F, 0.99653 0.03693 0.99771 0.08751 0.99744 0.37223
R, 0.92834 0.04431 0. 36439 0. 10080 —0.70247 0.06420
R, 0. 96856 0.02026 0.71424 0.06111 0. 18895 0.05255
R; 0.97705 0.01288 0.79601 0.04280 0.57185 0.04115
P-T, 0.92672 0.10689 0.77736 0.19259 0.85077 0. 14551
P-T, 0. 38551 0.17646 —0. 18057 0.17977 0.05912 0.14508
Zh 0.97928 0. 00989 0.99474 0.02130 0.99677 0.07063
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Tab.5 Correlation coefficients R and standard deviations rsp corresponding to various kinetic mechanisms using the fluoroether rubber
data set in Ny flow
Tw=400 C Twn=410 C Tw=420 C
A= T,=410 °C T.=420 C T.=430 C
R 7SD R 7SD R rsD
Dy 0.99345 0. 00007 0.99018 0.00026 0.99479 0.00057
D, 0.99336 0. 00004 0.98992 0.00014 0.99422 0.00032
Dy 0.99327 0.00001 0. 98966 0. 00003 0. 98966 0. 00003
G-B 0.99333 0. 00001 0. 98983 0. 00003 0.99402 0. 00007
A, 0.99896 0. 00063 0. 99640 0.00169 0. 99005 0.00392
Ay 0.99929 0. 00055 0.99579 0.00176 0.98125 0.00463
F 0. 99730 0.00048 0.99574 0.00115 0.99930 0. 00088
F, 0.99718 0.00052 0.99551 0.00129 0.99964 0.00072
Ry 0.99742 0. 00045 0.99593 0.00103 0. 99849 0.00111
R; 0.99736 0.00023 0.99584 0. 00055 0. 99896 0. 00050
R; 0.99734 0.00016 0.99581 0.00037 0. 99908 0.00032
P-T, 0. 99895 0.00128 0.99645 0.00344 0.99109 0.00773
P-T, 0. 99890 0.00533 0.99190 0.01529 0. 94652 0.03895
Zh 0. 99309 0. 00001 0.98912 0. 00004 0.99237 0. 00010
T..=430 C Tn=440 C Twm=450 C
(2 T,=440 C T,=150 C T,=460 °C
R 7sD R sD R 7sD
Dy 0.99324 0.00186 0. 98701 0.01147 0. 99889 0.00710
D, 0.99204 0.00113 0. 98405 0. 00800 0. 99695 0.00961
Ds 0.99077 0. 00030 0. 98095 0.00247 0.99043 0.00653
G-B 0.99162 0.00027 0. 98300 0.00199 0. 99501 0.00329
A, 0.99616 0.00319 0.99857 0.00480 0. 98649 0.01944
As 0. 99056 0.00369 0.99781 0.00408 0. 96680 0.01694
F 0.99974 0.00100 0.99466 0.01473 0. 99953 0.00944
I, 0.99873 0. 00283 0.98871 0.03539 0.98772 0.15113
R, 0.99972 0. 00080 0. 99884 0.00411 0. 95064 0. 02857
R, 0. 99988 0.00029 0.99712 0.00419 0.99268 0.01026
R; 0. 99987 0.00022 0.99637 0.00342 0.99715 0.00522
P-T, 0.99708 0.00599 0.99817 0.01245 0. 99585 0.02942
P-T, 0. 95785 0.02791 0.99307 0.02824 0.97357 0.05724
Zh 0. 98819 0.00043 0.97521 0.00457 0.97588 0. 03082

M 4 BTG AT, =P AR A PRI G AR A I A B A B A i

— A PLEE R ORI A . X

fiff ao AR 2 F R — S B AL BRI, AE 340 C~370
C B BB s JE T89S Ry AR 2 B0
BRIEXI R 12 370 °C~380 “C [ B H B e by J T
=HEYRL, BAEE X BR. K ML R BT S Gin-
stling-Brounshtein(G-B) 5 #¢; 7F 380 ‘C ~400 C
B B HL A S I 2 B A7 < AR . AL P eR
454 Zhuralev-Lesokin-Tempelman(Zh) J5 #&.

S BT A R AT R, AU R A B
fife o AR A2 AN OB LB . 7E 400 C~430
C B Be H# i S @ T = e, [BAE R X AR,
ML 5K B 5 & Ginstling-Brounshtein (G-B) J5
5 75 430 ‘C~460 “C R BeH M RO s TS
Ry WYAHI RN . BRIE X FK.

DL E 20 B 45 2R U8 B AN [R] 0T TR0 AR I A e
1R AR A AL 3 R BRI A A R) 22 b A D).

— R A
Tk AR I 552 P ) AR i e AR TR A S B A o R IR
S 2% DL R AL S Tk R 0 5K Y T 2 DO IR £ 0 B B
R SR At S A 2 B I Y 52 SR AT 4B R o3 B R O
Z 3/ XSS R AR X — 8 AL BE e BOR
Jew, HEA A A MRENL R Hik, =5M
U SRR AR R A I A A 45 T FE B L B R e
A AR Z AL 38 53 T BT R AL B AR AT S = 4
P, BAIE X FR (G-B) FAH 1 B RN, BROE X R
(Ry). XU W 76 2% A W) ML o K f0) 3 B BE Y ik
T A A R AR SR — 55 T AR [ AL B R 5 BE Y
WP AN — o 5 T A A A o R I 3K 2 A 2 S
TE 238 SRR & A 9 58 )5 IUF A — e
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