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Table 1 Materials used in the shock ignitability test

Materials Supplier Average particle size

RDX : Cyclotrimethylene

trinitroamine Nippon Koki Co.Ltd. 1054 m
HMX : Cyclotetramethylene
tetranitranine Nippon Koki Co.Ltd. 297um
N Q : Nitroguanidine Wako Pure Chemical
Industrles,Ltd 40um
DPT: Dinitrosopentanethylene
tetranine Otsuka Chemical Co.Ltd. 40 m
KC1l0O,: Potassium ‘
perchlorate Japan Carlit Co.Ltd. 36um
KNO,: Potassiun nitrate Otsuka Chemical Co.Ltd. 49um
NH:C1lO,: Arnnoniun
perchlorate Japan Carlit Co.Ltd. 44um

NH:NO,: Aononius nitrate Kanto Chemical Co.Ltd. Not available

No.Q or No.6 detonator

| Supporting

/cards

— card gap

F——Steel tube

gap

(a) For high-sensitive
paterials

| Sample (5g)

Screw cover

Steel tube
Sanple (20g) N

insert with cover

(b) For low-sensitive
paterials

Fig. 1 Sample assemblies for the shock ignitability test
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Fig. 2 Friction test machine
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Table 2 Results of the shock ignitability test for NQ. DPT and mixtures of oxidizer-
detonatable compound by initiation with a no. O detonator

No. Det. Oxid. Cat. Composi- Saaple Gap Result Note
Comp. tion mass
~ [WiR) (3) (on)
1 NQ - - 100 5 1 X
2 NQ - - 100 7 Insert X
¥ith Cap
3" N - - 100 10 Insert O Detonation
With Cap With a No.6 Detonator

4 DPT KCI0s 29/11 5 1 O Detonation
5 DPT KCl0, 29/11 5 4 X
86 DPT KClO, 29/71 5 2 O Detonation
7 DPT KClo, 29/171 5 3 O Deflagration
8 DPT KClo, Cu0 29/71/10 5 4 O Deflagration
9 DPT KClOs Cu0 29/71/10 & 8 X
16 DPT KCl0. Cu0 29/71/10 5 6 X
11 DPT KEClo, Cu0 29/71/10 & 5 b4

12 RDX KClO0, 68/32 5 4 O Detonation
13 RDX KCl0. 68/32 5 8 x
14 RDX KCl0, 68/32 5 6 X
15 RDX KCl0, 68/32 5 5 X
16 RDX Kcl0, Cu0 68/32/10 5 4 X
17 RDX KCl0, Cu0 68/32/10 5 4 X
18 RDX KECl0o, CuO 68/32/10 & 3 O Detonation
19 NQ KC10, 60/40 5 1 O Detonation
20 NQ KC104 60/40 5 2 O Detonation
21 NQ KC10. 60/40 5 3 b4
22 NQ KC104 60/40 5 4 b )
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23 NQ KCl0, CuD 60/40/10 5 1 O Deflagration

24 NQ KC10; Cu0 60/40/10 5 2 X

25 NQ KC10, Cu0 60/40/10 15 Insert QO Detonation

With Cap

26 HMX KC104 68/32 5 4 O Deflagration

27 HMX KCl0, 68/32 5 6 X

28 HMX [KCl0. 68/32 5 5 x

29 HMX KCl0, CuC 68/32/10 5 8 X

30 HMX KCl0, CuC 68/32/16 5 8 X

31 HMX KCl0. Cu0 68/32/10 5 5 Q Deflagration

32 RDX NH.Cl0, 61/39 5 4 X

33 RDX NH4 104 61/39 5 2 O Deflagration

34 RDX NH.ClO, 61/39 5 3 O Detonation

35 HMX NH.Cl0. 61/39 5 4 O Detonation

36 HMX NH.Cl0, 61/39 5 6 O Detonation

37 HMX NH.Cl0, 61/39 5 8 O Deflagration

38 HMX NH.C10. 61/39 5 10 X

39 NQ NH.C10, 61/39 5 1 O Detonation

40 NQ NH,C10, 61/39 5 2 O Detonation

41 NQ NH.C10, 61/39 5 4 O Detonation

42 NQ NH.C10, 61/39 5 8 X

43 NQ NH4C10, 61/39 5 6 X

4 NQ NH4C104 61/39 5 5 X

45 DPT KNO, 26/74 5 1 X

46 DPT KNO, 26/74 20 Insert O Detonation

Without Cap

47 R DX KNO, 65/35 5 4 X

48 RDX KNO, 65/35 5 2 O Detonation

49 RDX KNO, 65/35 5 3 X

50 HMX KNO: 65/35 5 3 X

51 HMX ENO, 65/35 5 2 O Detonation

52 NQ KNO, 46/54 5 1 X

53 NQ KNO, 46/54 10 Insert O Deflagration
With Cap

54 R DX NH.NO, 48/52 5 4 X

§§ RDX NH.NOs 48/52 5 2 O Detonation

56 RDX NH(NO: 48/52 S 3 x

57 HMX HNH.NO; 48/52 5 4 X

56 HMX - NH.NOs 48/52 5 2 O Detonation

59 HMX HNH.NO; 48/52 5 3 X

60 NQ NH4NO 39/61 5 1 O Detonation

61 NQ NH4NO 4 39/61 15 Insert O Detonation
With Cap

62 NQ NH4NO, 61/39 5 1 X

63 NQ NH.NO, 81/39 10 Insert O Detonation
¥ith Cap

64 NQ KC10, Starch60/40/0.6 5 1 O Deflagration

65 NQ EKC10, Starch60/40/0.6 5 4 X

66 NQ KC10, Starch60/40/0.6 S 3 X

67 NQ EC10, Starch60/40/0.6 5 2 O Detonation
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15

Insert
Without Cap
Insert

With Cap

Table 3 Critical gaps for detonatable compound —oxidizer mixtures using the shock ig-
nitability test by initiation with a no. O detonator

No. Det. Oxid. Cat. Composi- Sample Critical Gap Critical
Comp. tion nass Explosion
() (on)
c 1¢'
1 DPT 100 15 Insert
¥ith Cap
2 NQ 100 10 Insert Detonation
¥With Cap
Ingert
¥ith Cap
3 NQ KNO, 46/54 10 Insert Deflagration
¥ith Cap
5
4 NQ NH.NO, 39/61 15  Insert Detonation
With Cap
‘ 5
5§ NQ NH.NO, 61/39 10 Insert Detonation
¥ith Cap
5
6 DPT KNO, 26/74 20 Insert Detonation
Without Cap
5 1
7 TNT 100 5 0 1
8 NQ KC10, Cu0 60/40/10 5 1 2 Deflagration
9 NQ KC10, Starch60/40/0.6 5 2 3 peflasration
10 NQ KC104 60/40 5 2 3 Detonation
11 RDX [KNO, 65/35 5 2 3 Detonation
12 HMX KNO, 65/35 5 2 3 Detonation
13 RDX NH.NO, 48/52 5 2 3 Detonation
14 HMX NH.NO, 48/52 5 2 3 Detonation
15 Pieric acid 100 5 2 3 Detonation
16 DPT KCl0, 29/171 5 3 4 Deflagration
17 RDX KCl0, Cu0 68/32/10 5 3 4 Detonation
18 RDX NH.C10. 61/39 5 3 4 Detonation*®
19 Tetryl 100 5 4 5 Detonation
20 NQ NH(C10. 61/39 5 4 5 Detonation
21 DPT KClo, Cu0 29/71/10 5 4 5 Deflagration
22 RDX 100 ’ 5 4 5 Detonation
23 RDX KCl04 68/32 5 4 5 Detonation
24 HMX 100 5 4 5 Detonation
25 HMX EC10, 68/32 5 4 5 Deflagration
26 HMX KCl0. Cu0 68/32/10 5 5 6 Deflagration
27 PBIN 100 ] 5 6 Detonation
28 HMX NH4C104 61/39 5 8 10 Peflagration
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Fig. 3 Critical gap(1c) of the mixtures of detonatable compound — oxidizer and the component detonatable com-

pounds by the initiation with a no. O detonator
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Table 4 BAM Friction Test Results and lc for detonatable compound-oxidizer

mixtures
No Sample le Result
1 DPT(100) No* kg X X X O X X
2 DPT-EC10.(29/71) 3 8kgfO X O
bkgfx OO
4kgfX X X X X X
3 DPT-KC10,-CuD(29/71/10) BkgfO X X X X X
4 RDX-KC10,(68/32) 4 Bkgfx X X QO
’ 4kgf X X X X X X
5. RDX-KC10,-Cu0(68/32/10) 4 6kgfQ O
4kgf X X X X X X
6 NQ(100) ice* 36kgfX X X X X X
7 NQ-KC10,(60/40) 2 I6kgfx x x0OO
24kgf X X X X X X
Iskgfx xOXOX
24kgf X X X X X X
8 NQ-KC10,-Cu0(60/40/10) 1 24kgfO X O
16kgfX X X X x X
9 HMX-KC10.(68/32) 4 6kgfO X X X X X
10 HMX-EC10.-Cu0(68/32/10) tkgfx xOx xO
4kgf X X X X X X
11 DPT-KN0)(26/74) INC™ 16kgf X X X X %X X
24kgfX X X X O X
12 RDX-KND3(65/35) 6kgfO X X X X X
13 HMX-EN01(65/35) 6kgf X X X X X X
Bkgfx X XxOx O
14 NQ-KNOs(46/54) Ic* J6kgf X X X X X X
15 RDX-NH,NO,(48/52) 2
No data because
16 HMX-NH,NO,(48/52) 2 of hygrocopicity
17 NQ-NH,NO,(39/61) Ic*
18 RDX-NH.C10,(52/48) 2 6kgfO O
4kgfX X X X X X
19 HHX-NH:Cl0.(61/39) 8 6kgfOx x O
dkgf X X XO X O
20 NQ-NH,C10.(61/39) Ic* 24kgfx X X O x %

* IC:Insert with cap, INC:Insert with no cap, No:No explosion

IC6:Insert with cap and initiation by a no.6 detonator
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Shock ignitability test of mixtures of detonatable compounds and oxidizers

Takashi KAZUMI*, Yoshihiro SUZUKI*, Takeshi OKADA*,
Kazuo HARA**, Kenji AOKI** and Tadao YOSHIDA**

The shock ignitability test has been conducted on pure nitroguanidine (NQ) and
dinitrosopentamethylene tetramine (DPT) , and stoichiometric mixtures of detonatable
compounds and oxidizers. Judgements of ’go or no go’ were readily made as shown before
in the similar tests on pyrotechnic compositions and detonatable compounds. Change in
shock sensitivity of the detonatable compounds such as RDX and HMX were dependent on
the oxidizers mixed with some of the xombinations resulting in no difference. On the other
hand, NQ and DPT which were less sensitive than RDX and HMX increased the sensitivity
in any combination with the oxidizers such as KC10,, NH,Cl0;, KNO; and NH;NO;.

The severity of explosion of detonatable compounds reduced by mixing with oxidizers, and
some mixtures, rather than detonate, deflagrated when initiated by a weak shock. BAM
friction test data plotted against shock ignitability test data established a certain correlation
with one exceptional point.
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