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1 Introduction

The adiabatic time-to-explosion ( t. ), critical half-thick-
ness( r), critical temperature ( T_), adiabatic decomposition
temperature( T, ), explosion potential (E, ), shock sensitivity
relative to m-dinitrobenzene(S,) , instantaneous power density
(1,4) , characteristic decomposition temperature corresponding

to certain heating rate( T, critical temperature of thermal

0 or po ),
explosion based on Berthelot’s equation( T, ), critical temper-
ature of thermal explosion based on Arrhenius equation
( Ty orvpo ) » Critical temperature of thermal explosion based on
Harcourt-Esson’s equation( T, o, ) » free energy of activation
(AG™), enthalpy of activation( AH” ), entropy of activation
(AS™), safe storage life(t), reaction rate constant( k), self-
accelerating decomposition temperature ( T, ,, ), time lag
prior to explosion(t; . 1000.) » €Xplosion temperature( T,) and
50% drop height of impact sensitivity ( Hy, ) are twenty criteria
of evaluating the thermal safety of small-scale energetic materi-
als. The overall standard deviation( o
deviation( o

relative standard

criterion ) ’

wierion / Criterion value) and percentage that the per-
centage error of measurement quantity or calculation quantity
accounts for the overall error,

partial differential of criterion
partial differential of measurement quantity or calculation quantity

0 measurement quantity or calculation quantity are three important parameters of
g

criterion

analyzing the magnitude of error of the criterion and exposing
the order of principal factors affecting the criterion, The aim of
this work is to derive the expressions describing the overall
standard deviation( o) of thermal safety criteria of small-scale
energetic materials and to report the values of o and relative
standard deviation of thermal safety criteria for 1, 1’-dimethyl-
5, 5'-azotelrazol monohydrote, 3-nitro-1, 2, 4-triazol-5-one,
bis (2, 2, 2-trinitroethyl) formal and double-base propellant
composed (56 1) wt% of NC, (27 £0.5) wt% of NG,
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(8.5 +0.15) wt% of DNT, (2.5 £0.1) wt% of methyl cen-
tralite, (5.0 £0.15) wt% of catalyts and (1.0 £0.1) wt%
of other obtained with the derived expressions.

2 Criteria for thermal safety of EM and derivation
of expressions of the overall standard deviation
of the criteria

(1) Adiabatic time-to-explosion is defined by

. C,RT exp(E/RT,) 1)
<" EAQ,
where: t_=adiabatic time-to-explosion, s
. . -1 -1
C, =specific heat capacity, J - g~ - K

'~ mol ™!

R =gas constant=8.314 ] - g

T =initial Cor environmental) temperature, K

E = activation energy, J - mol ™'

A = per-exponential constant, s

Q, = heat of reaction, J - g".

The function equation(2), overall standard deviation for-

mula(3), error propagation coefficint Eqs. (4) — (8) and

standard deviation Egs. (9) and (10) are used to analyze and
gain the value of overall standard deviation o

-1

t.=f(C,,T,,E,A,Q,) (2)
AN L att L Aty
a'fc=[(acp) U'Cp+(a7_l) UTi+(8E) o+
2 2 1
(54) 7+ (5,) ] ®)

at. :RTfexp(E/RT,) :CPRTfexp(E/RTi) _ 4)
aC, EAQ, C, EAQ, C,
ot _ C,R [ZT.exp(E/RT.) +T?exp(E/RT)( _E )]
aT,  EAQ,|~ ‘ ' ' RT

_C,RTiexp(E/RT)r 2 E (2 _E (5)

- EAQq [ T RT?] - ( T; RT?)

exp(E/RT, )% « E—exp(E/RT,)

. ( C,RT: exp(E/RTi))’ _GRT,

o\ AQ, E ). AQ E
1
L
C,RT; e RT, (] 1 6
) e =77 £) (6)
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at. C,RTiexp(E/RT) 1y -
0A EQ, ( AZ)_ A

at.  C,RT exp(E/RT) oyt (8)
IQ, EA ( Qfﬂ)_ Qq

o, =AdAB, x=T,r L., b P (9)

where Ad is the value of the minimal scale division of measur-
ing equipment, for the single measurement quantities, T,, r,

b5 55 tiogoss P+

2<Xi _})2
o =N T oy o X=6GEAQ (10)

for the repeatable measurement quantities, C,, E,A,Q, and A.
(2) Critical half-thickness is defined by
1
RT E/RT, \2
(8/\ o €XP( )2 (1)
Q,AEp

where: r=critical half-thickness, cm
T, =environment temperature, K
8 =form factor( dimensionless) .
0.88 for infinite slab
2.00 for infinite cylinder
2.53 for a cube
2.78 for a square cylinder
3.32 for sphere
A =thermal conductivity,] - (cm - s+ K) ™'
p =density or concentration, g - cm ™’
Similarly, Egs. (9),(10) and (11) —(19) are used to
obtain the value of o,.

r=fA,Tos E, A, Qu, p) (12)
— ﬂ : 2 r : 2 ar z
""[(aA) 7 +(6Tenv) Trens * (aE) ¥
1
ar\’ , ary\’ a7
(an) ”Q“(M) "A+(ap) o] (13)
ar _ 1 (S8ART, exp(E/RT,,) 6RT§nVexp(E/RTenv)
oA 2 ( QuAEp ) QuAEp
=L.L.L.,ﬂ=7r (14)
2 r A 21
ar _ 1 (BARTWexp(E/RTw))T. SAR y
T, 2 Q,AEp Q,AEp
E
[ 27, exp(E/RT,. +T. exp(E/RT,.) ]
RTEHV
1 6/\RTenvexp(E/RTenv) E
A e
r 2 E
=5 1
2 (7w as)
[ SART:, .exp(E/RT..) ] SART:
2 QdAEP QuAp

exp(E/RT,,) om— —exp(E/RT,,)

EZ

SART,, exp(E/RT, -1

1 env p( env) RTenv =7r( 1 _17) ( 1 6 )
Tor Q,AB RT,, E

Lo _ 1 [8/\RTenvexp(E/R env)] BARTG,Wexp(E/R T..) 1
Q2 QdAEP Abp ( Qﬁ)

(17)

)
EARaE Qd 24,
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ar r
gL 18
A 2A (18)
ar r
gL 19
o 2 (19)
(3) Critical temperature is defined by
R rpQ AE o
T.=|—=In| 5— 20
(e ) 2
where: T_ =critical temperature, K
r, =shortest semi-thickness, cm
Similarly, for Eq. (20), we have Eqgs. (21) —(28)
T.=f(p,Qq,AE,r, ;1) (21)
aTN\* , [T\, AT
“[(5) 7+ (5a) 7o+ (52) 70
1
aTN\® , (aTA® , (aTy L7
< + < + < 22
() 7+ () 7 (5 ) ] (22)
Te_ [ R npQAE\1 R TIAR 1 Q,AE
= - — Nl ——— M T >
ap [ E ( Tf./\SR) E  rpQ,AE  TASR
R 1
-T2 23
S ES (23)
aT, R 1
C= T (24)
aQ, EQq
aT, R 1
C= T . — 25
A CE A (25)
o7 R, (1PQAE\ T R
-] B 2 ()
JE E T A8R E
| FpQ,AEy R  TASR FpQ,A
n S - .
( TZ)uSR ) E  rpQ,AE TiAaR]
LR p R T
T[ T E E]_TC E(E Tc) (26)
al 1 , R 2
—op R, _pR2 27
or, - T E AN “F T, (27)
aT, (1) R, QAR R TAASR  rpQ,A 1
=( -1 Zin A L R ——
P [E ( TS R)] E 7pQ,AE ToR ( )ﬁ)
R 1 R 1
=-T. = -—)=7 = — 28
()= (28)
(4) Adiabatic decomposition temperature rise is defined by :
T _ Qs (29)
CP
where .

T, = adiabatic decomposition temperature rise, K.
Similarly, for Eq. (29), we have Egs. (30) —(33)

T,=fQ,.C,) (30)
Uf[(j;z)zg;“(aacr) 3K (31)
aT, 1 T,

aQy :?p:Qd (32)

aT, Q. T,

oC, G o)
(5) Explosion potential is defined by

E, =lg[ Q,] -0.38lg[ T, —298 K] —=1.05 (34)

where_ E, =explosion potential, and T, =onset temperature

onset
-1

by DSC curve at a heating rate of 10 K + min
Similarly, for Eq. (34), we have Egs. (35) —(38)

Ep=f<Qd,T) (35)
1
JE, . aE, \* , 17
iy = [(an) oot (57 0) ] (3¢)
N X Eix 2011 % % 19% %28 (132-137)
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oE
p _ 1 1 _0.4342945 (37)
0Q, Qq Inl0 Q,
oE 1 1 -0.165032
P = - _ . - -
aT. .~ 0.38 T . —-298K Int0 T, -298 K (38)

onset onset onset

(6) Shock sensitivity relative to m-dinitrobenzene is de-
fined by
S, =lg[ Q,1-0.72Ig[ T,,... —298 K] -0.36 (39)
where: S, =shock sensitivity relative to m-dinitrobenzene.
Similarly, for Eq. (39), we have Egs. (40) —(43)

55=f(Qd’Tnnsel) (40)
1
35\ 5\ . 17
O ey KO P Kt (40
S 1 1 _0.4342945 (42)
0Q, Qu Inl0 Q,
a5 1 1 0.31269
=-0.72—— . = -2 SN 43
aT, T -298 K Inl0 T 95k (4

onset onset onset

(7) Instantaneous power density at 250 °C is defined by
Iy = QuApexpl - E/523R] (44)

where: |, =instantaneous power density at 250 °C.
Similarly, for Eq. (44), we have Eqgs. (45) —(50)
’def(Qd,A,p,E) (45)
1
al g\’ al )\ al g\ aln .17
_ pd 2 pd 2 pd 2 pd 2
= | == +| = +| = +| = 46
oo [(an) 7 (aA) 7 ( ap) i ( i) 1] o)
al !
pd - E/523R pd
= Ape =t (47)
aQy b Qq
al !
pd pd
—_rd 48
A A (48)
%:Iﬂ (49)
p p
alpd __E 1 Ipd
E = Qupe ( _523R) ~ T523R (50)

(8 ) Characteristic decomposition temperature corre-
sponding to certain heating rate is defined by:

T(o.e,orp)i =T(oO,eO,oer)\ +a1ﬁi +a?Bi2 + oo +aL—2BiL_2’
i=1,2,-,L (51)
and

Toaor =T or po (52)

where: a,,a,,a, and a, are coefficients, and g is the heating

rate, K - min~"'.

Similarly, for Egs. (51) and (52), we have Egs. (53) —(55)

T(o,e.orp)i :f<B) (53)
1
_ aT(o,e,or pi : 2 7
U-T(o,e,orp)i - [ ( a'B‘ ) U-Bi] (54)
aT(o.e,or pi

=a, +2a,B, +3a,8; +-- +(L-2)a, B’

9B
L-2

= X nap (55)
(9) Critical temperature of thermal explosion based on

Berthelot’s equation is defined by
T, =T+ p (56)
where: T, =critical temperature of thermal explosion based on

Berthelot’s equation, K
T, =onset temperature( T,) corresponding to 8—0, K, and
b = coefficient in Berthelot's equation, k=Ae"", K.
Similarly, for Eq. (56), we have Eqgs. (57) = (60)

T,=fT,,b) (57)
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aT,\* T\ .17
o[22 e 5
oT, =1 (59)
T,
aT, 1
—bo 60
ab b’ (60)

(10) Critical temperature of thermal explosion based on
Arrhenius equation is defined by

E - JE —4F RT

__ oeorop oe or op oe or op e0 or p0
oo o . (61)

where: T, ., = critical temperature of thermal explosion
based on Arrhenius equation, K

Eoe orop = activation energy calculated from the rela-
tionship of Igg, vs. 1/T,or1/T,, )+ mol™", and
Teo orpo = ONSet temperature ( T,) or peak temperature

(T,) corresponding to p—0, K.
Similarly, for Eq. (61), we have Eqgs. (62) —(65)

TbeU or bp0o =f( Eoeorop’TeU oer) <62)
1
6Tbe0 or bp0 : 2 8Tbe0 or bp0 : 2 B

9 Theo or bpo _[( GETMOP ) T Eoe or op +(78Te00rp0 ) O-Tpﬂmpo] (63)

al,
boorbpo 111 ( _aF

oe or op 0e or op

oF, "2R 2R

oe or op
1 o
=gl ~(Erercp e o op RTeo i) 2 (Fuop =2RT 0101 (64)

1
RTg o 0) 2 ~4RTg o0 1)

oe or op

Toe0 or bpo 1 1 o 1
bt gL . (F, _ -4F, . RT T . (—4RE
T2 =05 g B oo RTaeo) & (AREry)
1
= Eoe or op ( Ef)e or op _4Eoe or op RTeO or p()) 2 (65)

(11) Critical temperature of thermal explosion based on
Harcourt-Esson’s equation is defined by
a

_ e0 or p0

TbeU or bp0 _( 1 )Tel) or p0 (66>
g orp0

where: T, ., = critical temperature of thermal explosion

based on Harcourt-Esson’s equation, K, and

Qg o1 p0 = coefficient in Harcourt-Esson’s equation,
k=A,T".
Similarly, for Eq. (66), we have Eqgs. (67) —(70)
TbeOorpr :f< anorpO’ TeDorpO) (67)
1
0Te or bp0 ’ 2 aTbeOorpr ’ 2 z
O'Tbe()orbpo _[( aaeoorpo ) Uacourpo +( 647_500”)0 ) O-TcoorpO:I (68)
aTberrpr =(ael)orp0 -1 ) _aez(Joer Teompo - - Te()orpo . (69)
98 o po (ae() or po =-1) (aen or p0 -1)
9 Toeo or bpo _ Aeo or po (70)
6Ten or p0 Aeo or po -1
(12) Free energy of activation is defined by
Ah
G” =E-RTI 71
4 "(4,7) 70
where: AG™ =free energy of activation, J - mol
h =Planck constant =6.626 x10 ** J - s, and
k, =Boltzmann constant =1.3807 x10 > J - K™'.
Similarly, for Eq. (71), we have Eqgs. (72) —(76)
AG” =f(E,T,,A) (72)
1
AAG™\* , [(9AG™\? , AAG™\* 17T
7 sc7 ‘[( oF ) "E+( T, ) "TP°+( oA ) s o
AAG™
=1 74
oF (74)
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IAG™ Ah kBTU
=R P

0T, ['”(ksnn) Too* ( )]
T R L A

IAG™ _ k TpU h Tp()

oA - RTw s 4y "k, TPU A (76)

(13) Enthalpy of activation is defined by
AH® =E-RT, (77)

where: AH” =enthalpy of activation, J - mol ™.
Similarly, for Eq. (77), we have Eqs. (78) —(81)

T =fET,) (78)
1
GAHT\? 5 (9AH”N\' 5, 7
o = o+ o (79)
o = (5o ) i (r, ) )
AAH"
=1 80
oF (80)
AAH"
=-R 81
Ty, (81)
(14) Entropy of activation is defined by
as =AM ZACT (82)
Too
where: AS” =entropy of activation, ] - mol ™' - K™".
Similarly, for Eq. (82), we have Eqgs. (83) —(87)
* =f(AH" ,AG” ,T,) (83)
dAS”\* IAS”\* AS*\: , 17
UAS#:[(&AH#) T +(8AG#) T +( T, ) o ] (84)
AAS” 1
= (85)
aAH™ T,
IAS” 1
= - — 86
aAG” Too (86)
IAS” 1 . - 1 . "
= -—(AH” -AG” ) = (AG™ -AH 87
e T T ) = ) (87)
(15) Safe storage life is defined by
t=101""7 (88)

where ; t =safe storage life, y, and a, and b, are parameters of
the correlation.
Similarly, for Eq. (88), we have Egs. (89) —(93)

t=f(a,,b,,T) (89)
5 . 1

Aty at\: at\? ,17
o= (5a) o5+ (ap,) o+ (57) 7] (90)
9L 40+ nT L 010 = 1in10 (91)
0a,
O _10*07 . In10 - T=tTIn10 (92)
ab,
at a; +bqT
ﬁ=10] ! -|n10-b1=tb1|n10 (93)

(16) Reaction rate constant is defined by .

k= Ae 7Ty (94)
where: k =reaction rate constant, s~ .
Similarly, for Eq. (94), we have Egs. (95) —(99)

k=f(AE,T,) (93)
et R LT
%:e’ﬁia (97)
%’E:Ae‘ﬁ-(—R;p0)=k(‘R1Tpo)=_RIT:O (98)
et () ()
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ats s or 1000 s

(17 ) Self-accelerating decomposition temperature is
defined by

Too, €0, or p0 — To.e,orp -a,p _azﬁz _3333 - 3434 (100)
and
TSADT = Te() or p0 (52)

where:a, , a,, a, and a, are coefficients, and B is the heating
rate, K - min~"'.

Similarly,for Egs. (100) and (52),we have Eqs. (101) —(104)

TUO,eO,orp(J f( errphB) (101)
1
7100, w0, or po : 2 37T50.c0, or po ’ 217
100, 0, or po =[ ( aTon:p ) Ol eorp +(76B . ) O'ﬁ] (102)
aT,
00, eO.orpO=1 (103>
75 e orp
aTUO,EO,()rpO _ 2 3 2 3 10
8,3 = - - azﬁ_ azﬁ _434ﬁ ( 4)
(18) Time lag prior to explosion is defined by
E
f5 s or000s =€ R (105)

where: t; .. 1000 s =time lag prior to explosion, s, and
T. =explosion temperature corresponding to t =5 s or
t=1000 s, K.
Similarly, for Eq. (105), we have Eqgs. (106) —(111)
t =f(A,E., Tp) (106)

55 0r1000 s
2

2
_ atSsorK)UUs 2+ al’SsoerUs
Ot soroms 9A Oag JE,

2

el oo

L5 or 1000 s 7\nAE+i 1 1
Z550r1000s _ R LI . - 1
9A, € RTE ( AE) t5 s or 1000 s ( AE) (108)

atS s or 1000 s

PR S B L (109)
aEE = E RTE ~ '550r1000 s RTE

& F 1 E
B Ll (LI R N (— 110
(jTE e R ( Té ) 5 s 0r 1000 s RTé ( )

(19) Explosion temperature is defined by:

T = LIt Ly 10T ()

where: T, =explosion temperature corresponding to t=5 s or
t=1000 s, K.

Similarly, for Eq. (111), we have Egs. (112) = (116)
T. =f(E, A) (112)

550r1000>’

1
aT\* T, \' , aT\* , 12
o= |— o+ ————| o;. +|— | o (113)
o= (Ge) () e (58 4

aT. 1 T:

E:?[In%somooo;‘klnAg}i] :? (114)
E E
aT, E. 5 1
O RS [ty . +INA T (7)
atﬁsor]UUOS R ° 1000 ‘ t’? s or 1000 s
; R 1
:TZ-—-(—i) (115)
g EE tSsorH)UUs
aT, , R 1
L L N 116
Ak ( AE) (re)

(20) 50% drop height of impact sensitivity is defined by

lg( H.,,) +1 A Gk 0 (117)
C + -C, + =
Wg 50 g Ade 2 T1+CjH;8

where: H,, =50% drop height of impact sensitivity, cmj;
¢, C,, ¢, and c, are parameters of correlation, and
¢, =constant=0.02612.
Similarly, for Eq. (117), we have Eqgs. (118) - (124)
Hsy =f(A,p,Qq,E,A) (118)

aHSO : 2 aHSO : 2 8H30 : 2
””50:[( ax ) 7 +( ap ) ‘T"+( an) Tas*

N e 20114 %194 £28m (132-137)
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aH\ aH,\* ,17
( aL_f”) a§+( aAU) ai] (119)
LR
oH
50 _ 2In10 - (120)
A 1 1 -c, ¢, Hsi 7 o E
c —
"Hy In10 7 (T, +¢,HY)?
1 1
” 1)
50 _ 2In10 p - (121)
ap . R . -c, ¢, Hsi ™ o E
"Hy In10 0 (T, + ¢, HS)?
T
aH 2In10 ( )
- 50 _ Qd — (122)
aQ, 1 1 . - HG o E
C T T~ - 5
"Hs, In10 0 (T, +¢,H)?
CS
aHSU - _ T1 +C3 Héé — (123)
oF 1 1 -c,c, Ht 7 ¢ E
C . +7
"Hy, InT0 (T, + ¢, H®)?
1 1
” =
0 _ 2In10 A - (124)
dA 1 1 -GG HG T o E
c g 34 50 s
"Hyy In10 (T, +¢,HY)?
3 Rating of thermal safety criteria
(1) The higher the temperatures, T_, Ty corps Too. co. orpos
Tos Towworbpos Tscorroooss Tes and 50% drop height of impact

sensitivity ( H,, ) , the better the thermal safety of EM.

(2) The smaller the critical half-thickness ( r) and the
greater the reaction rate constant at same temperature, the
poorer the heat-resistance ability of EM.

(3) The greater the values of AG™ and AH™, the smaller
the values of AS™, the better the heat-resistance ability of EM.

(4) The shorter the adiabatic time-to-explosion(t,) and
time lag prior to explosion at same temperature, the poorer the
thermal safety of EM.

(5) For E,, positive values indicate likelihood and nega-
tion values indicate unlikelihood. The greater the magnitude of
E, values, the more reliable to go-no-go indication""".

(6) Instability rating is defined by Table 1.

Table 1 Instability rating!?’

instability rating instantaneous power density at 523 K

4 1000 WmL ™" or greater

3 at or greater than 100 WmL ™'
and below 1000 W mL ™'

) at or greater than 10 WmL '
and below 100 WmL ™'

: at or greater than 0.01 WmL ™'
and below 10 WmL ™'

0 below 0.01 WmL ™'

4 Calculation examples

Assuming:
for 1,1’-dimethyl-5, 5'-azotelrazol"*’
t.=4.90 s

G-
C,=1.16)-g"' - K"
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T, =468.92 K

R=8.314)-mol ™' - K™'
E=127520 ) - mol ™'

A:‘IOH'OSS?]

Q,=3188)-g""

r=r, =50 cm
A=32.44%x10"*)-cm ™ «sV . K™

T, =323 K
p=1.62¢g cm ™
T.=342.20 K
T,=2870 K

Toneet =500.05 K
E,=1.58

S, =1.48

l,y=106.3 W+ cm™
T, =468.92 +5.81018 -0.24528" +0.003858’
T, =468.92 K

B=10 K+ min™'
b=0.05992

T, =485.61 K
E_=126840 J - mol ™’
a, =32.320

T, =473.25 K

AG” =145130 J - mol ™'

AH” =123580 J + mol '

AS” = -45.53 - K™ - mol™'
for double-base propellant™’

t=18030 d

a, =32.2531

b, = -6.0664
T=313.15 K

ke =107 s =9.33 x10 * s
H, =24.49 cm

T, =300 K

C, =0.282312

C, =0.347174

C, =33.8765

C, =0.564623

C, =0.02612

o, =0.0142)-g"" - K"
o;=3K

o¢ =0, =3000 ) - mol '
o, =0.030x10"" s
04,=30)-g""
0,=0.0002 ) -cm™ -5 - K™
g,=0.0013 g - cm ™

Tonset =U-Tenv =3 K
0,=0.1 K+ min™
or,=3K
o, =0.0025 K™
, =0.50

une =30 ) - mol™

T,
a0 =30 ) - mol™!
o, =107
o, =107°

Tr =3 K
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for 3-nitro-1, 2, 4-triazol-5-one'”’ (15) o, =7555.5 s, o,/t =42. 0% (when a and b are
tiooo s =1000 s constant, ¢,=0.182 d, ¢,/t=0.001% ) ;
Te =g =526.45 K (16) o, =0.000737 s™', o,/k =79% (when E and A are
E. =129160 J - mol ™' constant, 0k/90E =0, ak/9A =0, o, =0.000192 d, o,/k =
A, =10 57! 20.6%);
o =3000 J - mol ™' (17) o4, =52.63 K, 07 /Ty =11.2 % ;
74, =0.030 X100 5" (18) o5, =0.73 s, 05,/5 =14.6%; oy, = 170. 83 s,

01000 =0.006 s T 1000 /1000 =17.1% 5

for bis(2,2,2-trinitroethyl) formal®®’ (19) oy, =14.89 K, 0y [ =2.93% ;5 oy o, =12.31 K,
t,,=5s O-TEJ()OOs/TEv](mos =2.34%;
T, =t,=508.96 K (20) o4, =2.74 cm, o, /Hyy =11.2%.
E, =102490 J - mol ™'
Ap=10"% 57! References:
Orp s, =3000 ) - mol ™' [1] Muthurajan H,Ghee H A. Software for the computation of acti-

982 -1 vation energy from differential scanning calorimetry and related
o, =0.030 x10 3 ) . . th .
ES5s safety parameters of high energetic materials[ C] /11" Seminar

o, =0.005 of New Trends in Research of Energetic Materials, Pardubice,
oy, =0.005 Czcch Republic,2008: 156 —164.

Then: [2] Standard practice for calculation of hazard potential figures-of-
(1) o.=3.73s, 0/t =76.1% (when T, =constant, o, =3.60s, merit for thermally unstable materials[ S]. E1231-01,ASTM,2001.
O—tc/tc =73.5%); [3] HU Rong-zu, GAO Hong-xu,ZHAO Feng-qi,et al. Thermal safe-
(2) o, =29.44 cm, o,/r =58.9% (when T, = constant, ty of 1,1'-dimethyl-5, 5 -azotetrazole and 2, 2’-dimethyl-5,5'-
o, =27.48 cm, o,/r=55.0%); azotetrazole[ J]. Chin J Energ Mater,2011,19(2): 126 —131.

[4] ZHAO Feng-qi, GAO Hong-xu, HU Rong-zu, et al. A study of

(3) 07 =17.18K, 0, /T, =5.02%;
¢ ¢ estimating the safe storage life, self-accelerating decomposition

— — o/ .
(4) o7, =44.31 K, 0, /T, =1.54%; temperature and critical temperature of thermal explosion of

(5) Tk, =0.00476, O'Ep/Ep =0.30%; double-base propellant using isothermal and non-isothermal

(6) T, =0.00616, o, =0.42% ; decomposition behaiours[)]. Chin Chem Letters,2006,17 (5) :

(7) U/pd=3.706,0',pd/lpd=3.48%; 667 -670.

(8) o, =0.01 K, o, /T, =0.002% ; [5] HU Rong-zu,ZHAO Feng-qi, GAO Hong-xu,et al. Kinetic study
¢ ¢ of explosive decomposition reaction of small-scale explosives

(9) o, =3.08 K, UTb/Tb =0.63%; using the time-to-explosion experiment[ J]. Chin J Explos Propel,

(10) oy, =180.92 K, 0, /Ty =38.6%; 2009,32(5): 11 -13,17.

(11) Tr =3.11 K, o'TbeO/Tbeo =0.66% ; [6] HU Rong-zu, SONG Quan-cai, DONG Hai-shan, et al. Kinetic

(12) o,c» =3004.4 ) - mol -, Trcr /AG” =20.7% ; parameters of explosive decomposition reaction of trinitromethyl

(13) oy, =3000.1 J -+ mol - O /AH =24.3% explosives as a function of temperature[)]. Chin J Explos Propel,

2009,32(6): 62 —65.
(14) 0,6, =0.302 J - K" - mol™", ¢, /AS” =0.66% ; ,32(6)::
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