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Fig. 1 Chemical structure of 5-amino- 1 H-tetrazol
(HAT)

2. EEAE
21 %8 =

EKFRCRNF bS5V —NERILAPIIBHICAE
T& 5 HAT & L7, Fig.1{Z HAT DI#ER %R Y,
REERBRIC AV - HAT (BRA{LEER) IR, 5
BT L CESRIEL0.074mm), 318K T 5 BFHIHZE
R L7, BEANCIZ3ISK THREMILE/R L /-
HBIRiF% 0. 024mm @ SrN iz,

RBEERE (LI r LBETD) ORIEIZIZHAT & SIND
BAYH 4g %% 180MPa TIE L T 6N -5 X
5 X70mm DA b 72 FER-, REERTEORE
ZRET A0, HE0.025mm D K(Z a2 AL —
THAYRAERE A BT RRIZEHDAATE, TR
XFRAEOLVANY 7 ¥ EBENZA T Fid,
EHEOC.6mm D=7 u A3 FRMI T THEKkENT,
HAT SH (LA £ LBEE)IX 3005 50wt% E TE

— 168 — KRIELE



k¥,

2. 2 EBEFEERUEKEESORERNEZE

rOPER, FL=RIR T FERPER GEfn
FRWT, FRQISESK)ITEWT, EEMETT
T2l BEZENIOTHY—UNENERB L
M, PG-100KF-U) % vy, fESR%E4 LT~y
Va—F—|ZR& Ui, BEEREOXENELLERTL,
A b F v FOMRBEBRLAREE] & MRBEH TREMIA S r 3R
B, MRBEEEINIIREEBR LD H# T E TOEHM
(LUt pLBRE) & Uiz, BBEORFIIETAI AT T
EoF—L, EFRICBELTHWAZ L 2ELT,

BENEILE=36.5Wt%DA LT Fiz>W\WTr
DFE & RBFIZIT o7, BEXIOEE % FLfHIE S
(EFEHX, CDV-230B)EMTLTrTI vz b
a—¥ (EEEF, DMTI00) IRV AL, RV aLT
F— 2 NBEIT72,

2.3 BRu:EE

HEXMBABRH? (Y 7Y 2/, 0SKI50) %
HOTRE OB (LI Q. ERD 2 E L7z, B
BHOREBEN 1 2FEL, R TR0
WERBIZETA LR 2ZMPadA~ Y U LFKBER BT
MEES B, b, RU7ONERIIH 100cm® T
H5,

R THDENTOT AY — O RIEHLERE (tfn
A, PG-100KF-U)#Hv, BEEEZALTRUL
a—F—ZigE L. R 7ROEHTILEZREL,
THRE S (LU P, LBETR) L B NEH (LL#: P, EBE
MOETROLBRECEL Y L LK EDOEH L2 RIE
LT, Ret1gHi v OMBEN RES (LI dP, & B
D EF/, o, BAOOLR/RREAHIETHETO
BFf (A% det EREFD) 2T B Lickh, A%
HREE dP,/dt 217, HRINYE BB % Fig.
2{I7R T,

2. 4 BBRERY )

BEOREEERD I X BREITTEE (BRETE, V
A H—7 Ly 7 ZARAD-MA)IZ L Y 21TV, 1%
b — 2 % JCPDS D’ — 7 L i L TRIE
L7,

K[EOBRBEAERDOZTEIHN R 7a~< 777 (N
A, G1800-T)# A\, H T ALAETAHITWG-100
(F—xnNHP A R)EER L, v Y P—HRIZ
~YGAHRER, HR60ml/min, &7 AR
323K, FEAREE 32K & L, KIKDOBREEERHOR
BRUERL, HOMUDEENATHLNI-E—7

Kayaku Gakkaishi, Vol. 62, No. 4, 2001

Pmax, tmax
é AP=Pmax-P 0
At=tmax-t 0
dPg=4P/g

dPg/dt= AP/g/ At

Pressure [MPa]

Po,to 0.2s

Time [s]

Fig. 2 A typical pressure-time curve for the combus-
tion of HAT/Sr(NO,),=136. 5/63. 5 mixture
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Fig. 3 Burning rate characteristics of HAT/Sr(NQ,),
strands numbers indicate the concentration
of HAT
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Fig 4 Pressure per unit weight dP, and rate of pres-
sure rise dP,/dt versus concentration of HAT
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Fig 5 Combustion parameters versus concentration
of HAT
@.arc - calculated heat of explosion,
@.. : observed heat of explosion,
T, : adiabatic flame temperature
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Fig. 6 Predicted combustion products of HAT/
Sr(NO,); mixtures at adiabatic flame
temperature
no sign: gas, s: solid
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Fig. 7 Predicted combustion products of HAT/
Sr(NO,), mixtures at 208K
no sign: gas, 1: liquid, s: solid
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Fig. 8 The mole percent of gaseous combustion prod-

ucts of HAT/Sr (NO,), mixtures
ex : experimental value, calc: calculated value
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Table 1 Gaseous products of combustion (& =36. 5wt%)
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The relative intensity at each reaction temperature is @ >0 >0> .

The products in parentheses are considered not to be main products.
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Table 2 Comparison of HAT/Sr(NO,), and HAT/KC1O,

Burning rate at 5MPa, r (mm/s)
Burning surface temp., 7, (K)

Thickness of condensed phase (mm)

Distance between burning surface and flame (mm)

Flame temp. (K)

Adiabatic flame temp., 7, (K)
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Combustion characteristics of 5—amino—1H-tetrazole
and strontium nitrate mixtures

Kazuo HASUE®, Paisarn BOONYARAT", Yasuyoshi MIYATA®,
and Jyouichi TAKAGI’

This paper describes the study concerning fundamental combustion features of the mixtures of 5-
amino- 1 H-tetrazole (HAT) and strontium nitrate, Sr(NO,).. Tetrazoles have been studied as a
replacement for sodium azide and HAT, a typical tetrazole, was chosen in this study because it is
readily available. The HAT/strontium nitrate mixtures were consolidated to form test strands. A
chimney type strand burner with optical windows was used to measure the burning rate of the strands
and also temperature profile in the vicinity of burning surface was obtained. The maximum burning
rate for HAT/strontium nitrate mixture at | MPa was about 7mm/s when the HAT concentration was
36. 5wt% which is a stoichiometric ratio. The gaseous products of the combustion were analyzed
by a gas chromatography and the main products were N,, CO., O., and CO. The heat of explosion of
HAT/Sr(NQ,), reached a maximum when the HAT concentration was approximately 38wt%. The
time-pressure relationship was observed while the heat of explosion was measured in a calorimeter.
The most vigorous reaction was observed at HAT concentration of 36. 5wt%. The equilibrium
thermodynamic calculations of the tested mixtures were carried out, modeling the situation in the
calorimeter bomb. Using this program, assuming constant volume, adiabatic lame temperature,
heat of explosion, and combustion products were estimated. The main combustion products at 298K
and adiabatic flame temperature were obtained. The pyrolysis was carried out from 473K to 1073K
and the combustion products were identified by the mass spectrometer.

(*Department of Applied Chemistry, School of Applied Sciences, National Defense Academy
of Japan, 1 —10—20 Hashirimizu, Yokosuka, Kanagawa, 239-8686, JAPAN)
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