CRVECIE Y & e
CHINESE JOURNAL OF ENERGETIC MATERIALS

2006 4 4 A

7 & Vol. 14, No.2

April, 2006

XEHE :1006-9941(2006)02-0132-04

Arrhenius 75 %89 B R 1718
BAT, M Z, ARG, EEL, F5HH

(PEIRWERR AT HBHR, T % 621900)

FZE: & T Arrhenius 223 CHY I HIFNIE IV o X Arrhenius J7 YA TEAR B AR A € IR & KE 25 3820 BT R AT DT 50
T AE AP EAT T8 . 45 R KW, Arthenius 22 2P ALRE £ IR AT T A 5iRE TR AR BR TR . 7635535
BERL I, A H E LA KM, Arrhenius 75 % HA ARG 0915 A , (B2, 47 B0 ORI 82 e 1] #) /1 4F T5UI e, 197 X Arrhenius
AXPATBIE . BIER Archenius Jy B2 7E AN [R1IR BE 1 B A% 15 A0 RE A8 BT PR 7 [l o AR A PR g 35 3l 38 odle M 75
F| GI-920 #EZ457E 90 °C .80 °C 70 °C F1 60 °C it 1% B[] 4351 4 126.95 KX 353.62 K .623.46 KAl 1143.77 K
K YA ; Arthenius 20305 FIRME; (G LRE; fRATIN T

hES LS. TI55; 0643

1 5]

2 157 T7 e I R R kSR A AR R DT
KRB AR R A, Arrhenius 38 15 45 8L
i - B G 2R AR ) Rk S T TE S A R
B LT 3E T B A B9 8 T i R 2 B0 IR I
it IR N

il

BHGU(BAR) b = dexp(- 22)

POR A2 Ink = InA - RE (1)
Sy . dlnk  FE

4y X AT " RP

A,k WEREFEEs T A RIRETE T, E IR
fig,kJ - mol 'y R HMIESARHE LK) -mol ' - KT T
KT U K F8 iR 0 AL RE PR S
Z BN AR AL i, T 3 R Y B — Ry T e M
o & X3 5 A il 1% PR 38 ( collision theory, Lewis-
Lindmann, 1998 48 ) FIE L ARG 27 i 7 J1 2 F )
JRE5H 2 BG4 A P RS (activated-complex theo-
1y, Eyring-Polanyi-Pelzer, 1930 ~ 1935 4F ) fi# ¥¢,

TEAR B AR R 0 SN 3l ) 2 J5 B, 4F 245 s SR W)
I Bl 1 oE B AR A BESE b, Arrhenius J7 125 B
PR R 6 KR 25 A SR A 4L e AL
RN B AR5 T 5 | RS B K 2 48 0 A% g 2R W 4 I i
WFFE e, AN TR o S 30 U RS L AR ARV 2 5%
Tiik A0 R BRE, = BAE Arthenius 47y, 5] i

5 H H#1 : 2005-08-12; &8 H #3: 2005-10-29
fEE B B kou (1962 - ), B BIBF, 18 1, DA 35 1 25 19 #0o B L 3%
2 2 PHERETSY , e-mail: gdy6210@ 163. com

XEKARIRAG: A

Arthenius{ b B E B B0 /N T A% 52 56 0
JE 8 ] Arrhenius 43087 $EAT SMfE R, 3 £k BE B IR B ) A2
Ak T RE ™ 55 F iy, 75 B2 Arrhenius J5 FE HE1T
EIE o Rk, A SCXE Arrhenius J5 35 19 i A L3S G
FEL, 7 Al AN S TR AR R K 25 3440 BT R E A7 5 v 1Y
AT T . X G1920 #EZG7E 60 ~ 100 C 43
fi#e 1% (47 75 Ay SN HE UM o, % Arrhenius 24 2Ci#E 47
TAB IR, 45 GI1-920 K& 2 5 A 1k 5% vp SR A 1) 1 24
PP R B0 AN I 1 BB K0 B A A 1) R R N S
W AH L A DN A 2 0 T S AL ADLE 9 24 5 S o

2 IEMHEATERMEFEF Arrhenius 77iEH)E AT

MN1891 4F Wilhelmy & BLURERE 75 BR £ 2614 T 1561k
TR A8 R A R i JIE LU T A ST R Bl g 2y R E 1899 4
Guldberg #l Waage & 1 i 1 1F F %€ At (Law of mass ac-
tion) , D\ 1884 4F- Van’ Hoff #& H 5 W 2 5% 2 2 1889 4F
Arrhenius SE44 Rl R 5 RO R U B, 1834 i 26 1
RIS B )2 07 R AE 19 AR AR SE R

de
e kery - g 2)

A, J YR EE 5 ¢ IS Ta] 5 R (T) S 330 H0
1R & 56 & 2 (temperature dependence of rate constants) ;
SCe) Sy BN AL o KR, 72 34 AH S —fER ] f () =
(1 =) "By 52 R BOE 2R 3R SO AILBE

TEAR SR ZR 0 B 3l g 27 7 B ep R B AN Bl 5 A
Arthenius 755 , IS0 9 18] 7 B 5 AR 1) 11 73 2% (fractional
conversion ) a f IR BEMEE, IS 1 2 WLER R S/ (o) IURF
J W AE AR SN AL Y S 0 R B3R ik 5, al g il A5 B R 1
FAIAZR A AR TR T WA I 3l 122 5 e



552 1] i KICH : Arrhenius J5 % 15 FRPE T 133
o ol - E ) (3) DS B A3 KA, Arrhenius 23 50 A 2 5 42 8 1)
di RT [, DR 2 3 6 T 46 DR S A B 5 IR G O 1
% - %exp( _ RAT)M) (4)  BECRATHE Y, UBCF LA Ink 3 1/T AR PG B &

A, o oo 20 E S W BR E or K, BOPR O B AR
Wy BOREMETHR R, K - min ' f( o) Ky RN AL
PR B B 3K

B 12 WY H R AE T 3R SO 3l T 2 0 B vk
(¥ 8 J3 2% = F” ( kinetic triplet ) E.A Fl f(a)"* .
fE2 , Hy A U S B AA R 32 Y Arrhenius 7 5 7E
FEHAERER P REREEN, - H2 N2 AKE
AR o R T 2 Ok AR AU e AR S A IR R b Y 2
Bruzs (1926 4F) ,fihWF 55 T CoCO, F1 ZnCO, FJ#4)fif
SN IEACE , )5, Polanyi-Wigner (1928 4E ) , Bradlley
(1931 4 ), Topley (1932 4f ), Shannon (1964 4F ),
Cordes (1968 4£) , — H F| Galwey-Brown (1995 4£) il
ATTAHE AN 1 S X A0 S B2 3l g 27 o e B e 2 b o T
Arrhenius 7735 . S 5% b, — 2 [ 1A 0 24 53 il B iz fig 1R
U 3t P 3 O 4 5 W B OR R AT R RE X R Bl 2 Ar-
rhenius ¢ R X B CFF IR Z — o WA, X THR B
WA B BIOHL BE Y B2 W A, Arrhenius 23 2 H A9 15
EREME S X EATR B AR 2. o5 — 7, kT
Arrhenius ¢ R AP PIADEZESHE A TEAE A
F 0 10 Wy PR SO L fige R ) S o ) R AL B SEAFAE o A5
AN, [ b i R AN ] 52 56 5 vk vh 3R AR 1 S 2 A
FHZEART o X BR T H T 52 56 245 40 F0 804k A B 7 vk 45 It
PUAN, 55— JC R DU 2 o AR 25 AR 1R 2R A B ) 52 2% P P i
JRCRY, — AR B IR Y ] 5 2 3 AL RE Y 1)

gl ey A R TS AL RE B B PR R ()R
L) H AN RE R A AR I AL (inactive ) 73 13 & O fiE
WL A Cactive) 9 3% — i B2 vp B SRR RE 4t
WA B, X2 — A R Sl s B SRR
Jispdk . i, Arrhenius (1899 48) 18 E 7E 5 — 45 &
F B 3 R B A DR A B (H2, JLP X
PR A, e AR AR B AR SN AR e AT T
(mishehavior) gt & B 1 o & BB 6]+ & Van't Hoff
TE S SR BN AN S A AN 0 B2 0 vh & B, 1% Ak RE B S
Hetb® a Mz, #H52 E, BT Arrhenius ¢ R A i
AL RERRE & 58 42 2 B0 Ak JT S LT & 1Y, T T A4
A5 5 AR SRR U, S 56 I A5 1 52 B 1 AL BB 2 H 45 A ik
TSI AR YR UL BB AT B A SO A X 5T R A RN e
i & (Hinshelwood , 1926 4F ) , [N 1 78 A 7 JF 24 41 B i
H B R I BT R IS TR A R A

W NAFREN S M. B AT A 25 RE
AR WG EJF, JoiE 2 il 18 2R i 2 I 245 B
WL EMESH A S T AKX, RN, MG EE 2 Ok
A, ST AL REE SO0 1 o3 1 18] 2 e A SN T
BB A i 5 AE 8 A, 53X i A6 RE AT LA O 2 5 R B
SR 5 1M 25 A RE R SO A B A AR T 1l S RE
5 RNy TR R R R 2 2R X R IE L RE e E S
MR 5. e Dy i B g i AT RE S IR G OG0
TR R SIREA KT .

AHTHERATRRN

A =A,T" (5)

K, Ay A GIRE TR HE LG m IAKRT 4 B
o R IR A A AN R SE R R B XY, B A
PEATIR B IE AR T R AR B, T 2 A PR AR T
Ink Xt 1/T W HLE LR

Xt SR S L BEE Ok U, 5 R E Y%
B

E = E, + mRT (6)
K E, SR TC MR B FL b AR R T
FUUIN dink , . s
fefiesis CE = RT" 2 A (5) Al I RELS 16 o
m EO
Ink = InA, + InT “RT (7)
E
m
dlnk =7-dT+RT°2-dT (8)
B E =1!a'T2-d$'lc = E, +mRT  (9)

xR Z A OV L E >mRT, i HAE 52 5 7
BEXX A, i BE AR A AT ARV, B 51 1) 305 Ak BE B0 28
mRAT X T E B/, HAELRIRZEZ N, BT LA Ink
XL/ T AR, — AT T A — B A

BT I8 TR, BRAR IR T REXS A M E 7R AR
W , (B XS T R RN RS XN, A BT
FEHERR IR 22, Arthenius 23 34T H A AR AR (938 FH

25 LIRS AR E RSN Y 3 g o7 7 e R A E A
PRIAS RE T B AR AR B 0T 5l — 1> I L A FRT B ) 4
A AR R AR i B, R, 3l ) 2 07 R A B i
A r B A bR BE 1] 1E 47 Sk 1 AT B A S AR
(T FTEA BT RAL , BUR T8 AR R 1 3 1“2 BeR H 3Rk
¥ e LIRTHERW], FI T8I Iy A B SR S A A E



134 0 8 M K %14 %
i S i R, SR IR B L AT SR AR . A B s 795 I 28 ML 1) 1 24 A 00 i e I AR T 8k

S b — ST A UL R L L W 3t 1 B, 2% IR 2l
12275 R (3) I A i 26 % b7y S o B R 5 T f o A1
KPR 15 %24, e T8 2 5 R, it
GOHOE XA Arrhenius E R ARG ATRE” . 5341,
1T B 12 AN ROSE  A7AE ,  EIR A E A I f(a) =
TR ME— M e — DB R A R AR

3 AR MBMEGFH R Arrhenius 7%
BYiE B

A AR 51 3 ) 2 77 AR Arthenius 2 2% 7 4t 73 4
25 % 7] 5 TR M0 2 e 1 P

N
2.303RT

1 3 PETN Fil G1-920 4 25 7£ 100 °C \110 C |
120 CHF 3l VR 0. 1% 0. 5% Fl 1% (i ], A%
lgt Xt 1/ T Z MG 30 I3 7205 A2, i AR R ORI 1L
AE B, BRI 7 A USSR LR 2,

%=1 PETN #1 GI-920 %257 100 °C 110 °CF1 120 CE FHfEEE 0.1% .0.5% F1 1% K it 8

Table 1 Time for PETN and GI-920 explosives based on the decomposition
extent of 0.1% ,0.5% and 1% at 100 °C,110 °C and 120 °C day
temperature 0.1% 0.5% 1%
/C PETN GI1-920 PETN GI1-920 PETN GI1-920
100 0.5 4.1 21 36.9 49.5 72.2
110 0.06667 (1.6 h) 0.8 5.0 7.1 10.7 12.8
120 0.01 (0.24 h)  0.1583 (3.8 h) 1.2 1.5 2.5 2.5

#& 2 PETN 71 GI-920 #4257 100 ~120 CEFH A EE0.1% .0.5% M 1% HZh hFEFE
Table 2 Kinetic equation based on the decomposition extent of 0.1% ,0.5% and 1% for PETN and GI-920 explosives at 100 —120 °C

explosive decomposition extent/% kinetic equation E/KJ + mol ™! A/s™!
0.1 lgt =12453/T - 33.6880 238 4.87 x10%
PETN 0.5 lgt = 9109/T - 23.0938 174 1.24 x10%
1 lgt = 9504/T - 23.7848 182 6.09 x 107
0.1 lgt = 10357/T - 27.1484 198 1.41 x 107
G1920 0.5 lgt = 10195/T - 25.7663 195 5.84 x10%
1 lgt = 10706/T - 26.8435 205 6.97 x 10%
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Fig.1 Curves of lgt vs 1/T for GI-920 explosive based

on the decomposition extent of 1% at 60 — 120 °C
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Table 3 Storage life for GI-920 explosive based on the
decomposition extent of 1% at 60 —120 °C

temperature storage time/d

/C m =0 m=1/2 m =1 m = 3/2 note
60 202604.93 27193.43 3624.72  1143.77

65 67772.92 12438.28  2267.28 840. 67

70 23406.04 5820.50 1437.73 623.46

75 8334.27 2783.80  923.71 466.36  calculation
80 3055.71 1355.80  601.56 353.62 results
85 1152.20  591.02  303.16 210.37

90 446.29  263.60  155.69 126.95

95 177.37  120.17 81.42 77.67

100 72.26 72.26 72.26 72.26

105 30.15 30. 15 30.15 30.15 experimental
110 12.87 12.87 12.87 12.87

115 5.61 5.61 5.61 5.61 results
120 2.50 2.50 2.50 2.50
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Discussion on Limitations of the Arrhenius Methodology

GAO Da-yuan, HE Bi, HE Song-wei, DONG Hai-shan, LI Jing-ming
(Institute of Chemical Materials, CAEP, Mianyang 621900, China)

Abstract: The application and suitable range of Arrhenius equation are discussed. The applicability of Arrhenius means in heteroge-

neous non-constant temperature system, thermal analysis and storage research of explosives are shown. The results show that the as-

sumption that activation energy E and pre-exponential factor A change with temperature is approximate. If A and E don’t change seri-

ously during the experimental temperature range, Arrhenius equation can be used. But it should be corrected if it’s used for extrapo-

lation purpose. Moreover, corrected Arrhenius equation has different activation energy £ and pre-exponential factor A at different

temperature range. It was extrapolated by Bruceton manometer test results that the storage life of GI-920 explosive was 126.95 d,

353.62 d,623.46 d and 1143.77 d respectively based on the decomposition extent of 1% at 90 °C ,80 C ,70 °C and 60 C.

Key words: physical chemistry; Arrhenius equation; limitation; activation energy; pre-exponential factor



