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Table 1 relationship between burning properties and ingredients grain size

Cu0 Al
X1 ¥2 3
NO 44un Suo T4ue 44un burning state
core than 95% | oore than 95% | zore than 85% | sore than 95%
1 81.5% 18.5% slov burning
2 81.5% 18,5% fast burning
3 81,5% 18,5% L
4 778 238 deflagration
5 7% 238 veak deflagration
€ 77% 23% L
7 1% 23% slov burning

#¥1 non-coating

¥ 2 teflon coating

%3 sanple size is vidth Smp by thickness 2on and veight 5g, ignited one end by igniter
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pressure sensor
apparatus

prizer mixture

2.838 (iron)

HP-100K , ¥P-50K (for engine pressure gauge )
analysing recorder Model 3655 YEY
zirconiun gasless composition 0.lg

@ tonk @ holder
Q@ cover @ 0 ring
@ bdurning chosber plate @ bdolts
@ 0 rirg © soople
© boles
Fig. 2 schematic of small tank
Table 2 results of small tank test
ingredionts specific charge Max. rise up cale. fuos buraning
gravity voight pressuro tioe pressure rato .
sain additive (s (ke/dd) | (osec) (xe/) (ppo) (0/3s)
Cialia0, 1.29 S 4.0 80.6 - €0:300 187
10 8.680 61.8 - €0:400 X0:80
X0 :300
theroit | (XH)aS:0. | 1.26 10 7.9 59.0 - X0,:30 108
agent 80,226
N§S0, 1.35 5 3.856 139.0 3.3 - 160
*TH, 0 10 6,225 92,4 6.70 §0,:20 267
XAS (S0.); | 1.20 S 4,840 38,0 375 80,21 170
*124,0 185
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Table 3 fracturing compositions and its performances

Cupric oxide | Alusinun Additives burning state | bollistic mortar
No Cul (X Ingrodients contont | grain size( ua)| (unconfined) tost (TNTS)
1 67.5 20.0 CiaHealss 13.0 500~1000 deflagrotion 25.7
2 51.3 15.3 » 33.4 L4 . 30.5
3 38.5 11.5 . 50.0 . . 33,7
4 . . . . 74 pess slov buraing -
5 30.8 8.2 » 60.0 500~1000 » 14.9
6 §9.2 17.7 (NH,)2S:0, 23.1 500~1000 deflagration 29.7
7 51.3 15.3 » 33.4 » ’ 33.0
8 38.5 11,5 ’ 50.0 . ’ 34.7
9 . . » ’ 74 pass slov buraning -
10 30,8 9.2 » 60.0 500~1000 » 34.0
11 513 15.3 NiSO,*7H,0 33.4 500~1000 deflogretion 27.0
12 38.5 11.5 » 50.0 ” . 32.1
13 30.8 9,2 » 60.0 » . 15.7
14 51.3 15.3 KA R (S0,), 120,00 33.4 500~1000 deflagration 24.5
IH] 38,5 11.§ ’ 50.0 " . 29.1
16 30.8 .2 . 60.0 ” slov burning 11,6
17 » ’ » 50.0 74 poss No-burning -
18 58.2 17.7 NH,NO, 23.1 500 pass deflagrotion 41.9
19 51.3 15.3 » 33.4 » g 43,2
20 30.8 9.2 » 60.0 . . 72,2
21 51.3 15.3 KND, +S 33.4 500 pass . 21.0
22 38,5 11,5 ” 50.0 » . 26.2
23 30.8 8,2 » 60.0 ” » 27.1
24 block povder (gronular) deflogration 45.8
25 concrote bresker(by igniter) slov burning 1.0
26 77.0 | 23.0 | - | o | 44 pess deflogration 8.1
20A SGPY

charge
/ ion probe

i

\ igniter
bottom plate

Fig. 5 measurements of burning rate
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Fig. 6 schematic of igniter
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Table 4 results of measurements

No | "thermit additives specific burning remarks
Cul A ingredients content | gravity rate(n/s)

1 [67.0] 20.0 ] Cy,H330,, 13.0 1.29 92.5

2 151.3]15.3 n 33.4 1.27 - error

3 |38.5111.5 n 50.0 1.26 187.0

4 159.2{17.7 | (NH¢)3S20, 23.1 1.21 108.4

5 ]51.3115.3 n 33.4 1.28 error

6 | 38.5|11.5 " 50.0 1.49

7 |58.2]13.2 | NiSO4*7H,0 28.6 1.48 147.2

8 | 38.5]11.5 L) 50.0 1.46

9 )30.8| 9.2 o 60.0 1.44

10 | 51,3 15.3 | KA 0 (S0,)2-12H,0 | 33.4 1.13 168.6

11 138.5| 11.5 » 50.0 1.22 187.0

12]30.8| 9.2 ” 60.0 1.32 183.0

1359.2 [ 17.7 ] (CHy)cNe 23.1 0.80 357.2

14 | 51.3 | 15.3 » 33.4 0.96 216.7

15 38.5| 11.5 " 50.0 0.84 140.8

16 | 59.2 ) 17.7 | NH(NO, 23.1 1.40

17| 51.3] 15.3 n 33.4 1.35

18 | 38.5| 11.5 n 50.0 1.21

19} 51.3{15.3 | NaNO, 33.4 1.26 172.0

20(59.2§17.7 | KNO,+S 23.1 1.23 199.5

21}151.3]15.3 n 33.4 1.15 150.7

22138,5]11.% ” 50.0 1.05

23 black povder 1.02 318.5 by igniter

24 4 1.06 247.2 by 6 E.D.

25 concrote breaker 0.82 94.1

26 | 77.0 | 23.0 ] - { 1.36 444,0

Fig. 7 schematic of closed sensitiveness test
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Fracturing composition using the gas pressure generated
by the thermal decomposition (1)

—on the performances—

by Ryoichi BANNO*, Michio KOBAYASHI**, Toshihiro OKITSU**
and Kaoru FUTASE**

The thermit compositions were usually used to thermit welding or an incendiary of am-
munition for a long time. We have studied the thermal decomposition and decomposed
gases of additives mixed in thermit composition, using the high temperature induced by the
thermit reaction.

We report several desired compositions which are a mixture of thermit composition and
an additive, and its properties to fracture brittle materials such as rock.

As additives, NiSO, - 7H,0 and KA £ (SO,); + 12H,0, indicated the best results on the
standpoint of properties and safety for handling and manufacturing.

Its representative properties are as follows ;

(i) Heat of reaction 279. 8kcal’kg
() Gas volume 330.8 £ /kg
W) Reaction rate 190m/s
(*Consulting Section of Civil Engineering Department of TAISEI Corporation.
**Research & Development Department of SHIRAKAWA PLANT, NIPPON
KOKI Co., Ltd.)
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