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[ABSTRACT] In order to study the thermal safety of ANPyO coated with fluorine rubber F,;;, (ANPyO/F,, ), the
thermal decomposition reaction process of ANPyO/F,;,, was studied by DSC-TG method. The thermal decomposition mecha-
nism was analyzed by Kissinger method, Ozawa method and other calculation methods. The thermal decomposition activa-
tion energy, pre exponential factor, differential equation of kinetic mechanism function, self-accelerating decomposition
temperature, thermal ignition temperature, and thermal explosion critical temperature were obtained. Then the critical ther-

mal explosion temperature T, , thermal sensitivity probability density function S(T) , safety degree Dy and thermal explo-

acr ?

sion probability Py, of ANPyO/F,;,, samples with critical dimension of 1 m under different shapes ( sphere, infinite cylin-

der, infinite plate) were calculated at 323. 15 K. The results show that ANPyO/F;,, has good heat resistance, the thermal

safety of spherical sample is relatively high, and that of infinite plate sample is relatively low.
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1.1 ZXEHR

ANPyO HSCE 2 A B, AN N 52 B 6 1 0 A
HRHE R 1,878 o/em’ s UMK Fony NI M
BX WA HiES L L i N Vi BTN SR =73 ]
[

HAE W ANPYO/F,y,, Wl £ 33 F2 . 15 56, FREX
0.5 gff) Fpyy, , B T 250 ml 212 216 1Y R 58
T ,60 CARYE RN 30 min, B H)E 45 Fy,,
() LR LRV W5 SR 5, R K B 77 i R AR
Fp OTR TR WA B E A 10 g ANPYO By /KK
R ZE I R VR SR TR AR
il ANPyO/F,y,, o Horft ) ANPyO/F,,,, B BE IR [T it M
M 215 g/mol; F,y, JFifE A ANPYO 9 5% ), FHHIHE
FLR T AE S AT LSS, BRI ANPyO UKL 22 A fH A |
KRN ) BOIR 2548 52 G W) ANPyo/Fy,, R AR 45
¥ ORI AR A, 2 1T I .
1.2 XW&EHE

Fii -1 Mettler Toledo 2\ w] 4=/ ) TGA/DSC3 * #Y
TG-DSC B 22 R A4 e o . AR AR HOT X
Wi, ShAEREFN N, SRR HE R 30 mL/min; FHE
X [8] 303.15 ~773. 15 K; FHRHEF B 4351k 2.5,
5.0.7.5.10.0 K/min,

2 HERESW

2.1 ERBNMESHRY

ANPyO/ Foy I LEIAES ¢, AT 20 (1) FIt
(2)iEAE T,
3 R(a+b+c+d) .

v M
2
[1+ -
(4a+b)(a+b+c+d)
2ac’
(4a+b)(a+b+c+d)2]; (1)
¢, =0.8¢, (2)

KrFia b Fd 23518 ANPYyO 20T P € H.O Fi

N JEF I 50G R B R SRR %1, 8. 314 1/(K -
mol) o TH58AF ¢, =0.998 J/(g - K)
¥ ANPyO/F,y, HEHRES ¢, =0.998 1/ (g - K) %
JEp=1.878 g/em’ J&S T, =627.15 K DL S EEIR 5t
M =215 g/mol™ fRLA
-5 3.0116 _0.9279
:3728;:$2H;h58p .®)
HE W 18 3] ANPyO/F,,, I SR A =
0.2882 W/(m - K),
2.2 AHRBINERAR
ANPyO/F,y,, $853 it 19 S0 5500 43 il an % 1 3%
2 i, el W a MFELROVIREE
&1 ANPyO/F,, 8 TG MliX % R
Tab.1 TG test results of ANPyO/F,;,,
B/ (K« min™")
2.5 5.0 7.5 10.0
0.2 558.20 574.50 582.40 584.63
0.3 574. 14 591.87 600. 15 602.74
0.4 585.15 601. 81 610.28 613.76
0.5 592.54 608. 81 617.39 621.25
0.6 598. 18 614.22 622.77 626.95
0.7 602. 86 618.55 627.07 631.05
0.8 606.91 622.32 630.48 634.38

#2 ANPyO/F,,,, # DSC MK 4 R
Tab.2 DSC test results of ANPyO/F,,,

2H B/ (K« min™")
2.5 5.0 7.5 10.0
T. 562.18 571.06 575.58 578. 69
T 618.85 633.45 642.48 652.85

P

ANPyO/F PSR S TR v | A Rl A T 4
R A — NSRBI  ER it R AT
ANPyO B Fy, LB, J3 i W TR 2 45 i, SR WL
£ BT AY er IELME RES . O LB T i 3R 1 2
5 AMER G 3 IR B T, R TR T T R
%—‘—[10-11] .

iz (4) = (5)  HHF 15 5] ANPYO/F,y,,
I 5h 124 S HOE L RE E FHERTIN 7 A, 8558 0
%3,
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Kissinger J5 2
B _, AR _E
In Tz_ln E TRT° (4)
Flynn-Wall-Ozawa J7 2
AE E
lgB—lgm—2315—0457RiTo (5)
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%3 Ozawa 7 #24= Kissinger 7 423+ £ 4R
Tab.3 Calculation results of Ozawa equation

and Kissinger equation

E./ E./ A
(kJ +mol™)  (kJ - mol™") s
0.2 127.74 124. 84 107
0.3 125.52 122.28 107
0.4 132.62 129.51 10'%%
0.5 136.35 133.31 10"
0.6 139. 34 136.35 10'%%
0.7 143.99 141.12 10"%
0.8 149. 61 147.02 10"
SEPIY 136. 45 133.49 10"

X(4) ~(5) H R WHEASIREEL, T/ (mol - K) ;
A HFEATH T, s 7 E HIGLEE, k)/mol ;o MHEZ I
IR ;B AT R K/ min

FIFH Ozawa J7r FEIHS G 1Y E, BAaE, 214k
AKX, 5l i Kissinger 77 R HE ) E 45 R AT,
JIT LA 7 M X8 N F 58400 S5 8 3R O3 B 2 Al A7 Y

BHIA(6) ~3(9)™ HH iy 41 Fhal 2%
HLEEpREL S FUOR ) TR # T 1Y oo T AR A
Hop A3 ANPyO/F,,, BVl S 80 1128 %
BRI 4,

Satava-Sestak 77 ¢

E
lg G(a) —lngR -2.315 _0'457R7"O (6)
Universal Integral J7 2
G(a) A _E
In T-T, =In B RT’ 7)
MacCallum-Tanner J7 2
0. 436 0.449 +0.217F
le G() _lg,BR 0.483E ~T0.001T  °
(8)
General Integral J7 2
G(a) _, AR _E
n 2( 2RT) In g ~ ke ©)
T 1 -
E
L4 hpyTEfeae £ EATH 7 A FEE SR 3

FEAHN], ANPYyO/ ¥, RS itk it B2 B 80 1 L
PRI T B R f(a) =1.5(1 +a)*”? -
[(1+a)” 117", F ANPyO/F,, fJ A = 10"*

s~ E =143.78 kJ/mol f& A 10
da A L
ﬁ_ﬁ' € f(a)o (10)

135 ANPyO/ F,,,, Bt OGR4 3l T 2241
Iﬂﬁﬁjﬂ :

F 4  ANPyO/F,,, o i 2630 ) 5 A dk
Tab. 4
decomposition process of ANPyO/F,;

Kinetic parameters of exothermic

B/ s E/
(K+min™") nA (kJ » mol™") lg A ’
(6) 136.41 9.49 0.9957
)5 (7) 134.61 8.09 0.995 2
’ (8) 135.69 9.99 0.995 2
(9) 133.77 9.19 0.995 2
(6) 147. 61 10.43 0.991 2
50 (7) 146.09 9.05 0.990 2
’ (8) 147.55 11.01 0.990 2
(9) 145.29 10.18 0.990 3
(6) 150.07 10.63 0.989 5
75 (7) 148.48 9.26 0.988 2
’ (8) 150. 15 11.24 0.988 3
(9) 147.74 10.39 0.988 3
(6) 145.43 10.28 0.988 7
10.0 (7) 143.50 8.89 0.987 3
’ (8) 145.23 10. 86 0.987 3
(9) 142. 80 10.01 0.987 3
S (E 143.78 9.94
9.94 1.73 x 104 2
3%,210 ce T x1.5(1+a)7-%0
B (1+a)3 -1
(11)

2.3 BmMESHRERRBENRTEE
T,=T,+mB, +772:8? +773ﬁ? s i=1~4;
Tpi = Tpo +771,Bi +7723? +773:3? ,g=1~4, (12)
_E, —/E, —4E,RT,,

be — 2R 5
2
. _E, - JE, ~4E,RT, (13)
a 2R ’

K.y, m, By, HREGE, AIMAEF K/ min; E,
JEH Ozawa JETTHEITEALEE (R 3) ,kI/mol; T, A4k
PG SR BE K T I I K T N Tﬂéz\%"J
h B—0 % 7 1 A G s T B RN AR 0 fige U Ui, K
T, R EIGREE K T A PEREIR SRS K

Ha (12) " A 2% B—0 B, ANPyO/
Fpu M T, =545.99 K T, =591.77 K, Hrf LAY
B—OBT B T {8 A, v A H ek 43 1
Tour =T =545.99 K, Mz (13) " AT LITHA
ANPyO/F,,,, ¥ T,, =564.23 K T, =613.32 K,
2.4 ABREMEZESHEH

J T B ANPyO/F,, X PGB E 0200
FE ANPyO/F,y FESIEAR 73500 R 3K0E | TCBR B AT F1 0T
PRSP, Rk ROST (BRI B AT R T Y~ 428 1 Al
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Z)r =1 m, BRI, BRI 50 C 3%
FiEEE 10 ¢, i (14) ~ X (17) 5 5] ANPyO/
Fou FEANRITEAR T Al SRR IR B T, PRk AR
R REL S(T) LA Dy FIIBEYERER Py

-FE
T, = . . (14)
2RL1{_1 z)‘EK(Scrj
2/ 1 QpAR
W(E _ -2RT)
STy =— 2
V2mo s RT'
,EK E
o (Werm gy L Bk
f_ T2 5(:r) 20_; RT’
_erEKpAK'
=" AR (15)
E, -2 £
0'6=W7( KRMz‘RMT)e_R:TO'T;
T
-E,
My = o
2RL_1[_1 AES., j
27/ P QpAR
+=+e W(E, —2RT)
D = ——————~e"dTdY;
=1 2mo,0 ,RT ¢ ’
Ex
We ™ #7 2 (16)
- -0
(T =8.)
m = 7o
A )
° RT 207,
P..=1-Dg, (17)

KA NI IERE R SE 50 ARESLVEE ; A EE
i TR Q MRS VAR, 769. 5 1/g; 8, I
YEMI FLBRERL ; 05 "N Frank-Kamenetskii 24 8 H045
2 o, HICMASTIRBE T, BIPRMEM 255 E A 51
LIbSi Kissinger AR A TS 15 AL BE AT A R ( #*
3)sup N T, FWII(E; L 4 Lambert W BRI, -1 J2
Lambert W PRELAY S ;Y W INAREPREL

35 4 ANPyO/F,,, 7EERIE | TCRR B A A TG KR 7
PR T Ty gy [SCT) X T HHZE 1 35 TR
H].7,, PuAD,, FE1 K ANPYO/F,,,, AYFERE A

5 ANPYO/ Fopp REVBKR T Tyip e

T PTEﬁp Dy

acr

Tab.5 Calculated values of Ty, T

max % © acr 9

P, and Dg for ANPyO/ F,,,

AR Tonm/K — T./K Dy/% P/ %
297 363. 86 359.03 70.70 29.30
ToRRFARE  359.66 354. 81 69.98 30.02
TCBREAL  353.04 348.19 67.43 32.57
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Fig.1 S(T)-T curves of ANPyO/F,,,
T AT AR FEAR R SE B 45 T BRIEAE i 1Y
WA TR 2 S e, TG B SP AR il 1 WA (3R B8 e 1
AL AT G B (B A RN TG BRSE-BRORE i, ANPYO/
Fo FOERIEAE il 14 1l S A8 M A 58 0 B e v, P DA
H PRV, T 2 FE AR

3 it

1) ANPYO/ F,y, & RO B3 AT 1 ATl
TR IR B R R T AT AR e T

2) il I, 15 H ANPYyO/ Fo,, 1 LY A9 35 1L
AE E =143.78 kJ/mol J8HIH T A =10"s"",

3) ANPyO/ F,,, E IR AME IR Ty, 4 545. 99
K, #5 JGRBE T,, 4 564.23 K, SRKEIG FHUREE T,
1 613.32 K., i ixh PR R MR 4 285 B R ROt 5 P A
MARFER ST 1 m BT 323. 15 K B, TCRR [
FE BRIEFIC R 3 FIEAR Y ANPYO/ Fy,, 38 2
Kb BOERE i i R KRR T, 363. 86 K, #4
FRYEMER Poo 29. 3% ; %F Ho A5 BRIE AR i il P22
SRR, TERR ST ARRE i 9 3R 2 A AR R AR
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