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Table 1 Probability of occurence and sensitivity Table 2 Severity of damage
Level | Probability of occurence | Sensitivity " Rank Severity of damage
A Frequent High I Catastrophic
B Occasional Medium I Critical
C Remote Low m Marginal
D Unlikely No v Negligible
Table 3 Criteria for impact and shock sensitivity
Level Sensitivity Test Criteria
A High Drop ball (Direct impact)© Es°<1.0)
g Shock ignitability (No. 0 D) 15*> 5 m
) ‘Shock ignitability (No. 0 D)* 15°< 5mn
B Medium e .
VP 30 PVC tube(No. 6D) Propagation
C Low VP30 PVC tube (No.6D)* No propagation
50/60 Steel tube (50g Booster)' Propagation
D No 50/60 Steel tube (50g Booster)! No propagation

. E5:505¢ ignition energy

. 1s0: The gap thickness of 509 ignition on the shock ignitability test
. Drop ball(Direct impact) : Drop ball test using direct impact

. VP30 PVC tube (No.6D): VP30 PVC tube initiation test using a No. 6 detonator

a
b
c
d. Shock ignitability (No. 0D): Shock ignitability test using a No. 0 detonator
e
f

.BAM 50/60 steel tube test using a 50g booster

BRIEHETIHBEOBREYR LA, Table 3i3x7F
WHEEA, B, CRUDKZETHI-HOITR- IR
RERRE & {MERLLE, BRRIELOIDH LED
LTRICED - Tiith 5, AAETTRE KERRICK
WTSORHFKRDF¥ + » 7TEEIN Smmbl ETHIESH
B HRREGERE (High) LRl Eh, TEERL
$A% (Frequent) i1, AV <A ThHdLIhs, Av
<A OHBROFHED 1= DREEE LTik 2 20R%R
BRI T35, BEBREHRICH L TRHRE ki
RBRIERTHH0T, T PRBERRRLLHED S,
At BOgBROPEI OV TI/PIDERRRTRER
EHRY L5 ChvWeHBT R Tthdidn s 0 CHE
BERRTHERT 3,

@tz Table 4 i ixfEBRREED, Table 5:iTiki
| BEMED, ¥7:Table 6 KIZBBWHEIC X HHK
REOFEER AR LI,

2.2 BIHBERE (Severity of damage)

Table 2 icYrik B HE2HE (Severity of damage) © 7
VIR LE, kA ¥F-PRE LD XK -BROB
BmoOKE S, BE-BROMLS, BERRCES
OB THD LEET S,

D=g(V, M, E)

[
c e,

D ¥R EE (Severity of damage)
ViREe-BRBoWL X
{Violence of fire and explosion)

M; 58 £ (Inventry)

E ; @ % (Environmental condition)
WREE-BROBL 212 X 54 5B (Combustibility
category) RU' X DH B FREEILRD & 5 CH S,
(1)i2B I (BYR) (Primary explosives) : S Kz X

S>THLIBZ S BT T>HH, &b raf
RRITID, BZH5THILENTHET S,

(2) #ERIR3RAYY IR (Semi-primary explosives) : &
RE->TRBRENGBT SBTT2HHE. VP
30 CFRBRBRIT L b, BEHOBRICERT
25 E S0 THNT 5, RRICIERYETS,
Fie LT, RERK, BRtv/1r, 5-
reEFT /=1 (5—CT)  £A@BATI B,

(3)18 2 5 t&47% (Detonating explosives) : s ki X
S TEBTHTBT LIV, TR, 658
BEEOHRIZL TR S THHWETH- T,
(DM Licv$ 0, VPIECTEBREIIC
Iy, 825 %E8T50ELTHENT S,

KIEFELEE



Table 4 Criteria for friction sensitivity

Level Sensitivity Test Criteria
A High BAM friction test = lkg
B Medium BAM friction test l1kge<M50=10kg
C Low BAM friction test 10kg <M 50 = 36kg
D None BAM friction test 36kg< M50

M50:509% ignition load mass

Table 5 Criteria of electrostatic spark sensitivity

Level Sensitivity Test Criteria
A High For high-sensitive mat. ° Exn=1.0]
. For high-sensitive mat . * 1.0J<Es
B Medium For medium-sensitive mat . * Es=10]

: : 10J<E¢q

. - s, b

C Low For medium-sensitive mat. Ews100]
D - No For medium-sensitive mat. ® 10J<Es

a . For high-sensitive :Electoric spark test for high-sensitive materials
b . For medium-sensitive materials:Electric spark test for medium-sensitive

materials

Table 6 Criteria of ignition by contact with hot objects

Level | Sensitivity Test Criteria
A High Cerium-iron spark test Ignition
c Low VP 30 PVC burning test ~ Noignition

SANDOZ burning test Burning
D No SANDOZ burning test Burning
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Table 7 Damage ranks, severity of damage and ranges of inventory amounts ( m ) of materials

Range of Iventory amount
Rank | Severity of damage
Primary explosives Semi-primary explosives | Detonating explosives
1 Catastorophic 100gSm lkgSm 10kgSm
I Critical 108=m<100g 100gsm< lkg lkgS m< 10kg
m Marginal lgsm< 10g 10g=sm<100 g 10gsSm< lkg
N Negligible n< 1g m< 10g m<100 g
Range of Inventory
Rank Deflagrating Combustible Poorly-combustible Non-combustible
explosives materials materials materials
I 100kg=m m =0 m =00 m =00
I 10kg=m <100kg lton=m m =00 m =00
m lke=m< 10kg 100kg=m <1ton m=00 m =00
v m< lkg m S 100kg m=o00 m=oo
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Table 8 Results of the shock ignitability test using a no. 0 detonator

Sample form Gap length Screw cover Sample mass Result
Dry powder lom Without 5¢g No ignition
Dry powder Insert* With 15¢g No ignition
109 Wet powder 1om Without 5g No ignition
109% Wet powder Insert* With 15g No ignition
Dry granule lom Without 5g No ignition
Dry granule Insert* With 15g No ignition
109 Wet granule lm Without 5g No ignition
1035 Wet granule Insert* With 15g No ignition
Dry pellet 1o Without 5g No ignition
Dry pellet Insert* With 15g No ignition

*Insertion of the detonator into the sample

Table 9 Results of the VP- 30 PVC tube initiation test using a no. 6 detonator

Sample form Mass Result
" Dry powder 112 g No detonation, unreacted powders remained
10 9§ Wet powder 100g No detonation, unreacted powders remained
Dry granule 708 No detonation, unreacted granules remained
10 %$Wet granule 90g No detonation, unreacted granules remained
Dry pellet 110 g No detonation, unreacted pellets remained
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Table 10 Results of the BAM 50/60 steel tube test

Sample form Sample mass Result
Dry powder 810g Detonation
59 wet powder 760 g Detonation
10% wet powder 775¢ Deflagration
" Dry granule 566 g Detonation
Dry granule, 6D* 600g Deflagration
Dry Pellet 880¢g Deflagration

*6D: No. 6 electric detonator alone

Table 12 Results of the electric spark sensitivity
test using the tester for medium sen-
sitive materials. Sample mass 30rg

Sample form Es
Dry powder 38.1)
10% wet powder >50.8]
Dry granule 33.2]
10% wet granule >50.8]
Dry pellet >50.8]

Table 13 Results of the VP-3( tube burning test

Table 11 Results of the BAM friction test Sample form | Sample mass Result
Sample form [ Samplemass [ Mo o N | 0D | ol
Dry powder 10ng > 36kt Dry granule 69g Sum/min
Dry granule 10zs > 36kef 109 wet granule 106 g No ignition
Mso:50% ignition load mass Dry Pellet g No ignition
Table 14 Results of the conical pile burning test

Sample form Sample mass Result
Dry powder 500g No ignition
1095 Wet powder 500¢g No ignition
Dry granule 500g Slow decomposition reaction
500¢g occured around the Ni-Cr wire
10%Wet granule 500 g No ignition
Dry Pellet 500g No ignition
Table 15 Probability levels of material tested
Materials Impact shock Friction Spark Hot object Overall
Dry powder C D C D C
5% wet powder C - - - C
10% wet powder C - CorD D C
Dry granule C D Cc C Cc
10%wet granule C - CorD - C
Dry pellet C - CorD D C
4.2 @ERHOWKORL & HRAM BEEL 100k A T2 HE L TV 5,

WP BREOM L XA THRRER(Table 9,12 %
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Table 16 Combustibility categories, inventory amounts and damage ranks of materials

tested -
Materials Combustibility category Damage rank Risk rank
Dry powder Deflagration m < HmC
. 5% wet powder | Deflagration m | .. “WC
10 % wet powder Poorly-combustible NV NC
- Dry granule Deflagration m mc
109 wet granule Poor]y-combustible Y NC
Dry pellet ~ Poorly-combustible N VC

TIRBENTO TR LI L TOREIHR Y Ol
L3, 37, BHRHEPCRbLIhB L, BALL
L XRRBEENMAL, Rk 5HFHHED,
5. £ &8
ADCA 7 A RER ¥ KL2WTHE T DOkt
BHROEREH L LTHHFEBR UGV, +OfE
RUFERR L T R LERBOWHRER v
S“AECTHotc, T, 100kg-, FLUTORMY
HELBEOFRBEES v 7 I mizNEHE S
iz, ThED VARV v 7 REBO T 0 £ XIT
B3RO BLiF, BRARURERHCL > TE
hoi83, '
X ®
1) K. Hara, T. Misawa, T. Maekawa, S. Iyoshi, T.
Kazumi, M. Hayashi, and T. Yoshida, “Concept
and Performance of a Non-Azide Propellant for
Automotive Airbag Inflator™, The 19 th Interna-
tional Pyrotechnics Seminar, 20 —25 Februry,
1994, Christchurch, New Zealand
2) US Depertment of Defense, “Military Standard.
System Safety Program Requirements”, MIL-
STD- 882 A, 1991
3) H. A. Zogg, “Zurich Hazzard Analysis”, Zurich
Insurance Group, Risk Engineering, 1987
4) OSHA, US Department of Labor, “Process Safe-
ty Manegement of Highly Hazardous Chemicals,
Explosives and Blasting Agents”, 29 CFR Part
1910, RIN 1218 — AB 20, Federal Register, 57
(36), Feb. 24, 1992
5) K. Hara, Y. Shimizu, Y. Higashi, T . Nojima, T-.
Hasegawa, and T. Yoshida, “Hazard Analysis of

Manufacture of Non-Azide Pi’opellant for
Automotive Airbag Inflators”, Proceedings of
the 20th International Pyrotechnics Seminar,
Colorado Springs, USA, 25-29 July, 1994,
pp- 381 »

6) K. Aoki, K. Hara, J.Peng, T.Yoshida, H.
Hatano, and F. Hosoya, “Shock Ignitability Test

. for Medium-Sensitive Pyrotechnic Composit-
ions”, Proceedings of the 18th International
Pyrotechnics Seminar, Breckenridge, USA 12
—17 July, 1992 P.1

Y. Wada, H Yabashi, M ‘l,'amura, T. Yoshida,
T. Matsuzawa, and F. Hosoya “Shock Sensitivi-
ty tests of Blasting Explosive Cartridges”, J.

 Energetic Materials, 9, 105(1991)

8) T. Okitsu, J. Suzuki, K. Aoki, K. Hara, and T.
Yoshida, “Shock Sensitivity Tests for Commer-
cial explosives and Low-Sensitive Explosive
Materials”, Margretetorp, 23 —27 Aug, 1992,
pp- 107

9) FALHE, BHE=EE, (REEALFEHELEX
ImnKL), KEHRRHE, 1988, PP. 159

10) “United Nations Recommendation on the
Transport of Dangerous Goods. Test and
Criteria”, Second edition, New York, 1990,
PP. 11

11) FRX, IBBRRERRCHTITR), EBXF
ISBRMISHERERI, 19543 A

12) HEBHE, HFAME, WERKE, XSFALS,
Ak, KEBEZE, =) ¥-HEOBR
KTEREEE S, HEOBIF, 26, 202(1995)

Kayaku Gakkaishi, Vol. 58, No. 1, 1997 —

7 —



Hazard evaluation of an azodicarbonamide containing
gas generant composition '

- 4 by Takashi KAZUMI*, Takeshi OKADA*, Yoshihiro SUZUKI*
~ Mituhiro KANAZAWA**, and Tadao YOSHIDA**

The fire and explosion hazards of a gas generant and its intermediates were evaluated
in order to conduct a hazard analysis of the gas generant manufacturing process. The
tested samples were dry and wet, granules, and pellets. Conducted tests were the shock ig-
nitability, the VP 30 PVC tube initiation, the 50/60 steel tube initiation, the BAM fric-
tion, the electric spark, the VP 30 PVC tube ignition and burning, and the conical pile burn-
ing tests. The hazai-,ds of each sample were assigned to one of four sensitivity levels and
. one of four damage ranks by comparing the test results with the criteria for the tests. The
risk ranks of the tested materials were Il C or ¥ C for less than 100kg invento
amounts a batch. S ' i ‘

- However, these risk ranks may be changed with the mode of handling, inventory
amounts and environmental conditions for the practical process. A
(*Engineering Dept. Pyrotechnic Devices Div. Nippon Koki Co., Ltd, 2—1
‘Nagasaka Dobu, Nishigomura, Fukushima 961, JAPAN
**Department of Materials Chemistry, Hosei University, 3—7—2 Kajino-
cho, Koganei, Tokyo 184, JAPAN)




