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Table 1  Test conditions of samples
sample ID mass/g bomb mass/g  bomb type
01 0.126 6.029 TI-LCQ
PETN
02 0.119 6.029 TI-LCQ
01 0.097 8.850 TI-HCQ
RDX
02 0.125 8.850 TI-HCQ
01 0.097 6.029 TI-LCQ
HMX
02 0.125 6.029 TI-LCQ
01 0.102 8.850 TI-HCQ
TNT
02 0.097 8.850 TI-HCQ
NE 01 0.318 6.066 TI-LCQ
02 0.300 6.066 TI-LCQ
01 0.299 7.062 TI-HCQ
EHN
02 0.500 10.681 HC-MCQ
2.3 XWHER

ARC S DL 33l B (s 1) 55 6 1] 56 2 Ok i 7
Bl 1 R o b ) T R T A S B 1 A T 2 R
A R EBE . B g 4y o i i 5 - ] i 2k L R
I3 -k 1] fi 2 AR ISR, X HLZ5 Y NE-OT (43t J8 i [a] |

JEJ3-if (] £, W1 FIE 2 JLFRE RE A R B
AR BEEAT I, AR AT LA o 0 46 43 i A0
A I

R S HBOE T TR REE 0 B 12 B8
BIRWEACRE £, 45 AT T A BV n friJJjJ
SR NFIY B HAR I % 2B A TR 1 8l )
ZHILF 2,

350
300
250
200
150
100
50
0 260 4&)0 660 860 10b0 ‘I2I00 14IOO 16IOO 1800
t/ min
~If ] 2%

NE-01 curve of temperature vs time

TIC

B 1 NE-OT il &
Fig. 1

30
25
20
15

p/10°Pa

10

0 200 400 600 800 1000 1200 1400 1600 1800
t/ min

B2 NE-O1 {1 /E Jy - a] iy £

Fig.2 NE-O1 curve of pressure vs time

R2 MM RS R 12

Table 2 Measured thermal decomposition characteristic data and kinetic parameters for tests

T i T, T T
sample ID fkl - mol ™' //45’1 ? @ /de‘ (/)‘?ée-t rl;eistir:g e /:(r;ﬂ ?°Cad /‘r’nCax
PETN 01 167.81 4.62 x10'° 0.95 24.26 151.61 0.090 183.60 31.99 183.60

02 173.59 2.26 x10" 0.94 24.40 151.84 0.135 183.04 31.20 183.04
01 217.99 6.12 x10% 0.54 43.76 199.63 0.475 219.28 19.65 219.28
RDX 02 219.59 9.87 x10% 0.54 34.18 194.91 0.662 219.61 23.02 219.61
HMX 01 227.89 1.53 x10% 5 30.15 233.39 0.053 258.05 24.66 252.95
02 235.24 9.87 x10%* 5 23.51 236.13 0.163 268.60 32.46 259.95
01 249.33 9.6 x10%3 2.78 33.81 245.90 0.128 268.58 22.68 263.50
TNT 02 250.03 6.67 x10% 2.95 35.50 245.70 0.166 266.61 20.90 264.18
01 157.43 9.41 x10" 1.43 7.74 175.35 0.020 264.37 89.02 232.89
NE 02 156.46 1.39 x10" 1.52 8.14 171.24 0.035 258.38 87.14 228.98
01 247.06 2.32 x10% 1.81 7.80 147.72 0.033 207.84 60.12 212.23
EHIN 02 256.12 4.28 x10%° 1.44 10.18 143.42 0.032 213.56 70.14 208.07

Note: E is activation energy; A is arrhenius pre-exponential factor; n is Prout-Tompkins model kinetics parameter; & is thermal inertia; AT, is adiab temperature rise.

CHINESE JOURNAL OF ENERGETIC MATERIALS

e
=
oo

% A 20114 #19% %64 (656-660)



658

XU, bds, BRAIF, frepat, i, BRIHE

3 SHSIte

3.1 FREEFSHNITE
27 R GE AT ORI Ak, B JEE A Arrhen-

iuns J5 f
dc N E
a:—Ac exp( _FT) (1)
[F] I, 48 8 2R 45 b 4 il A 58 4 T T &R 5000 5 19 T
o, A IR

X (1) A AN(2) A4k B R LIS 2 3 ik #ry i T
Sy
ﬂ:A( Tf_T)nATcg'1exp( —i) (3)
dt AT RT
A, c RRRMP RIS ,mol - L5 ¢, TR Y
I EE R B, mol - LYy o, R R I O 1 e A
75,0/ (kg - C)s T, N FAIRAF T 23K 1Y S e i 2 5
AT HAHGRTE,Cy A RHRETE F s 7',

5N A A LY PPN N NG S B TN

£z 3 ARCIUFE 7S Bl & BB BHE A A5 5 01 R 148 &
Table 3

S, 7 BE B 20 ¢, 5 R T R %) ¢ 2 2%, 3RO
N
0=tm—t=fmdt (4)

4 (3) ACA (4) K v 7738 24 40 #1577 LAAS 3
6 {8119 file By % -
RT® RT,
- ok _a'mE (5)
Ko, FT, 53078 S KR T 358 R X oy R
A A L — WU 2, A G 5 K
PR 0 BT, 8 ROV TG AL RE E B i, AT DAAR F

|n0=—(%) “InA (6)

TECH EFTA B, 7] LUEAEARBORR] 6 % 7 AL o

HIF ARC 52560 72 i e v, SO B — 38 70 L 22
FHR T i B 2 A, BOAE SR AR 5 S 38 0 1 L&
E o BRSSP E S 0, X R I B B, A
(6) IR ALE 0 Bl 0, HIEIERE @ K
Mo #iaR2 PHPII#2 8 RA LK (6) Pit 5,
A LAAS B AN ] 375 5 0 B X 7 A 0 e A, LR 3

Explosion temperature corresponding different induction period(8) of six energetic materials by ARC tests

. PETN RDX HMX TNT NE EHN

ftem 01 02 average 01 02 average 01 02 average 01 02 average 01 02 average 01 02 average
Ty—s min/C 149 157 153 184 185 184.5 216 218 217 224 228 226 227 219 223 133 144 138.5
Ty-5/C 189 197 193 219 220 219.5 254 255 254.5 260 265 262.5 287 278 282.5 156 168 162
Note: Ty_s5 mins Tg=5 s 15 explosion temperature corresponding 6 of 5 min and 5 s respectively.
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Table 4 Explosion temperature corresponding different 6 of 4

solid energetic materials by Wood’s alloy bath method

item PETN RDX HMX TNT
Ty-s min/C 205 ~215 215 ~220 295 ~300
T, 5. /C 225 260 335 475
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Thermal Sensitivity of Energetic Materials Characterized by Accelerating Rate Calorimeter( ARC)

LIU YING'?, YANG Qian’, CHEN Li-ping’, HE Zhong-qi’, LU Yan®, CHEN Wang-hua’
(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang, 621900, China;
2. Department of Safety Engineering, School of Chemical Engineering, Nanjing University of Science & Technology, Nanjing 210094, China)

Abstract. Traditional test methods for thermal sensitivity of solid energetic materials were summarized. Aiming at the limitation of
the fact that these methods cannot be applied to liquid energetic materials, a method using Accelerating Rate Calorimeter ( ARC)
to test thermal sensitivity of energetic materials was put forward. The decompositions of four solid explosives Pentaerythritol
tetranitrate ( PETN ), Hexogen (RDX), Octogen (HMX), 2,4, 6-Trinitrotoluene ( TNT) and two liquid energetic materials
Nitroethane (NE), 2-Ethylhexyl nitrate (EHN) were studied by ARC. Kinetic and thermodynamics parameters were calculated
and analyzed. Temperature corresponding different time to maximum rate under adiabatic condition (9) was calculated. Thermal
sensitivity of four solid energetic materials is PETN >RDX >HMX >TNT, which is consistent with the conclusion obtained by the
traditional Wood's alloy bath method, therefore ARC can be employed to the test of the thermal sensitivity of both solid and liquid
energetic material. The thermal sensitivity order of six energetic materials from high to low is EHN >PETN >RDX >HMX >TNT >NE.
Key words: physical chemistry; safety engineering; thermal sensitivity; energetic materials; accelerating rate calorimeter (ARC) ;
time to maximum rate under adiabatic condition; bursting point

CLC number: T)55; O64 Document code: A DOI:; 10.3969/j.issn.1006-9941.2011.06.013

%g%s'kﬁzs'eﬁe&ﬁené
T RRC Ry Ty

A zs 25 75 78 7= o o

2011 FHREETIZSFRFSEHIMNET

2011 410 A 28 ~31 H , ¥EEL¥ 2201l ¥ ASFLWwHEFNIVERNERE L FOET, ARERFLN
EFARRBELTH GREMGERSXERA",

FRESHTTSANAAGRERIOANA 22 E, ASHET  F"HAA AR 8, R P XTI RFRGETERK
INFTHBE T/ EFERNARARARERLREE , PEXBE IV E 22 N ET ENAAEGNTLEERE£E
MR AU A BERGTHRALRER AT TEL  F LN IERATANGT AR HWE %T}H%ﬁfi%m

o AEMEFT KFERIREFENHEFRABN BT ARRBEEN " ZAE "R EA A RIBRE - BEREN
T%%ﬁ““**%ikf%k &ﬁﬁ)ﬁ%k% FRELWXELERFT A X209 K, FREEMHBEXARKE %:L%ﬁﬁ%ﬁ%’r
BENER TR, BEFERNG LB RSN AP EREREOINR; 2. 4B EMHNRFELBEHH, B F
BhL BREN.H F"ﬁ%/\é hbh RAE BEE WEEBREMHES; 3 AENWEMN HXT L LZARE
KK B B R % éﬁ%% EHA A RRERRERI D EAAER GRS R AR ENHAR KEEEHREAHK
ABERGEETHARR FHREAEGREABR, FARX G TEAEAR IS —FRAUKA REL R R AT EHAKE,
SN HE TR, ROLELENAAAF EB TV EALHART - BIAY B EIAE PRHRAGEARAF .
FEBMEEBEARNE 20 4XELENTREE, ETTREFH A REFAAERBATONHEARMH - &,

WAFELAEABBARBE-AIRTOTE,UEBEARI T » R, ERARIEFAKRAHKE,

(FPETRHEFRECIHAHARS K & &)

Chinese Journal of Energetic Materials, Vol. 19, No.6, 2011 (656 —660) A fe At At www. energetic-materials. org. cn



