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Table 1 Explosives tested

Explosive

Chemical formula

Diazodinitrophenol
(DDNP)

Lead trinitroresolcinate
(tricinate)

Mixture of TNEOC* (87%)

and

alminum (1.3%)
(TNEOC-Al)

Silver acetylide -

Mixture of potassium
perchlorate (68%),
aluminum (25%) and
sulphur (79%)

o
o,n?u,
NO,
0-.
O:N NO. i
’ filo’ Pb
NO,
OCH,C (NOy)s
- _. OCH,;C(NOy)s
< +Al
" OCH,C (NOy)s
OCH,C (NOs)s
Ag,Cy
KCIO.+ Al +S

*trinitroethylorthocarbonate
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ODNP (mg)

) 8 10 18
D* (cm?)
Result of external-charge blasting

Fig. 1
- by blasters containing 10mg or 20mg
of DDNP. D ; diameter of model stone,
DDNP ; charged diazodinitrophenol.
Q indicates that the stone was crushed,
while X does that it was not.

8

{mg)

8

CsH2{NO:)0:Pb

3

10 5

D!  (cm2)

Fig.2 Result of external charge blasting by
blasters containing 10mg, 20mg or 30
mg of tricinate. D ; diameter of model
stones, CgH3(NO,) 203pb ; charged
tricinate.
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DT CREARPEREFARBAECOWOZ L NTS
fevs, Thebbh, T OERIRERNDLLTYL, £F
LEBEMB LD, HMORRRI—RRUEIZ
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0 5 10 1%

D* (cm?)
Fig.3 Result of external-charge blasting by

blasters containing 10mg, 20mg or 30
mg of TNEOC-AlL. D; diameter of
model stone, TNEQC-ALl ; charged

explosive
30
20F o 0/xx
—
o
£
L
“»
3
a 0 x
5 0/ 0 xx x
0 L i L

° ] 5 1

D?* (cm?)
Result of external-charge blasting by
blasters containing Smg, 10mg or 20
mg of lead azide. D; diameter of model
stone, pbNg; charged lead azide.
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Table 2 Detonation velocities

Loading | Detonation

Explosive density velocity

(g/mb) (m/sec)
Tricinate 2.75 4255
2.93 4651
TNEOC-AI 1.41 794
1.75 1274
Ag,Cg 2.10 241
5.55 314
KClO,-Al-S 1.64 143
1.74 276
DDNP 1. 589 6900

.3 FUFFAF

F bF A POFERE Table 3(ziR LA, Kkt
P BT LRV GBS K E, SO D
6 b, BKEER OREMII, BERE LT SiLhn
LIAMERTF4L FABLTVD LS5 tBbhs,
3. 4 kepiiRERISHE
ARIFRERCENEH EMB LR T, Fig
SIRLIZE ST oL ni o
T3¢, C—-sEIET 35M2%E<, TNEAK
LEV, ThiCHL T, iRV h LR
DI LD L, Ly e— 2 EREM G Fig. 6~ 9
R6h3L 51, DDNPR Y & =, T
NEOC—AIF xR EZx M+ L ER 0 L9 ixwpic
s, #—@EFig 10ioRLE, chb6DZ

Table 3 Dent test results

’ Explosive
ChN DDNP | Lead azide | TNEOC-Al | Tricinate | KClO,-Al-S
weight (mg) -
30 — 60 40 70 —
20 110 35 20 65 2
10 25 20 1.5 2 1
) 3 5 0 0 0

The volumes (gl) of the dents produced by explosion are shown.

Fig.5 Examples of shock wave profiles from blasters containing various explosives.
{1}: KClO,-Al-S 30mg, peak pressure 72.0kg/cm?, sweep 10usec/div. (2): DDNP 20mg,
peak pressure 104. Okg/em?, sweep 5psec/div. (3) : tricinate 30mg, peak pressure 46.0kg/
cm?, sweep Susec/div. (4) : lead azide 10mg, peak pressure 32kg/cm?, sweep 10u sec/div.
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1 saasl bt b b 22 asl M

2 S 10 20
d (cm)

Peak pressure vs. distance. Blasters

filled with 5mg, 10mg or 20mg of DD
NP were used. d; test distance, p; peak
pressure.

Fig.6

P (kg/em?)
]

2l reededtttaal N
] 2 S 1

d (cm)

Fig.7 Peak pressure vs. distance. Blasters
filled with 2mg, 5mg, 10mg or 30mg
of lead azide were used. d;test dis-
tance, p; peak pressure.
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Fig.8 Peak pressure vs. distance. Blasters
filled with 5mg or 10mg of KClO,-

Al-S were used. d;test distance, p;
peak pressure.
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Fig.9 Peak pressure vs. distance. Blasters
filled with 2mg, 5mg, 10mg, 20mg,
or 30mg of tricinate were used. d;
test distance, p; peak pressure.

EffirziteHrsL, 7L 5mg £ DDNP20mgk
TEDHAIURITE LV, 7 (L8 20mg & DDNP20m
BEERRDET VBN LREMIC - 27 ERE
v, £htenic DDNP 20mg nRgfEhix, 7 S 8
Smgk DX BMKEL, 7 SR 20mgLiE~
THE TV B, FL EFRIOERTL, Z0h1s
N HIRE T2 DDNP o a7 S{efBic e ~ TR
K&,

Lok hERENENEHERS L, 7 I{LRIC
(e~ DDNP % ¥ oBFEOBEK 1k, R—RETRY
—ERfEv 2RI Ey.

—_ 23 —



Fig. 10 Examples of shock wave profiles from
blasters containing tricinate.
Upper : tricinate 10mg, Peak pressure
34.9kg/cm?, 10psec/div. Lower : tricinate
20mg, peak pressure 102. 3kg/cm?, 10¢
sec/div.
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Studies on Lithotripsy by Micro Explosion
(V) Surgical Blasters Containing Several Explosives

by Senzo OINUMAS®* Kazuo SHIINO*, Kazumi TANAKA®*,
and Mitsuaki IIDA*

Surgical blasters were constructed of fine stainless steel tubes filled with DDNP,
tricinate, KClO,-Al-S, TNEOC-AI, silber acetylide or lead azide, which can be
ignited by an electric squib. Using the blasters, crush experiments of model stones
which consisted of calcium sulfate and water paint were carried out in water. The
following experimental equations were obtained:L=1.8D*+4.0 (for DDNP), L=2.4D?

(for PbNs), L=2.4D*+5.5 (for TNEOC—AI) and L=1.8D%*+10.0 (for tricinate),

where D stands for the diameter (in cm) of the model stone and L for the weight
(in mg) of the explosive. More than 4.0mg of DDNP, 10mg of tricinate of 5.5mg
of TNEOC~AI were required to crush model stone. In the case of silver acetylide
and KClO.-Al-S, model stones were not crushed at all. The difference was dis-
cussed taking into account the detonation velocity, shock wave pressure and results
of dent test of these explosives.

(*National Chemical Laboratory for Industry, 1—1 Yatabe-cho,
Tsukuba-gun, Ibaraki-ken, Japan)
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