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PREPARATICN OF UP

Fig. 1 Preparation of UP
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Vo A) #ABLTEL,

NaClO.-HgO + CO(NHS)S + HC1

— CO(NH,)+HCIO, + NaCl
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Table 1 Properties of Urea monoperchlorae(UP)

Molecular formula : CO(NH):*HCIO,
Molecular weight © 160, 52

Melting point : 83C
Decomposition temperature ; | 165C

Solubility to Water (20C) : | 958 in 100 water
Density of saturated

aqueous solution (20C) : | 1.6226g/c.c.
Oxygen balance (CO;) : +0. 099%/g
Impact seusitirity : 0/6(5kg, 60cm)

SOLUBILITY OF UP IN WATER

(]
8

g

DISSOLVED UP YEIGHT IN 100 WATER

1020 3

TEXPERATURE (*C)

Fig. 2 Solubility of UP in water
against temperature

1.5

l4p

DENSITY (e/c.c.)

1.2t

1.0

50 80
UP MEIGHT PERCENT

Fig. 3 Density at 20C of UP-H;0
mixture against UP content
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FOWEY 1. 6glc.c. LU D NIEBEORARLH
2.7160
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30 (Fig.2 22, ThofBmEd7A L.
FOER, PLLABREMNToLRRTR, EEHX
RiGERTRH S hirmn o

UPS %% (W& : din=28mm, A& dout=36
mm, £ 1=250mm)icHKL, FrIA_vy F(EH
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F b YT =R 2 =D CRIGMEIBLAIET T,
T e REPH B Z Lo

UPS i1 de#iciRe By BB, £9100g O UPS
%, 8% ($in=22mm, Gour=30mm, /=200mm) T
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5 %0 THhHDHFEOMRE, WHERBREE B
& GRERRIRESE Lo~ £OF5R% Table
2 TRTo

Table 2 Explosive Properties of Typical Homogeneous Liquid Explosives Containing UP

. . . locit Critical Critical
Composition. || Gee3 | Py fgitatn | _ Plameer
NM-UPS see Fig.3 HVD see Fig.4 HVD 60—90kbar;} -+ <10mm
LVD NM/UPS=10/90:1.9 LVD ca. 2kbar
NM/UPS=20/80: 2.0
PA/UPS=10/90 | 1.603 (25C) | HVD (Pb tube, $in=20mm) : 6.89, <10mm
LVD:1.9
PA/UPS=15/85 | 1.610 (25C) | HVD (same above) : 7.66
DCB/UPS=10/90 | 1.593 (25'C) | HVD (same above) : 5.68 4—6mm
NB/UPS=10/90 1.527 (20C) | LVD (same above) : 2.2 < 2kbar 4—6mm
DMA/UPS5=10/90| 1.498 (20C) | LVD (same above) 0 1.7 39—4lkbar| 8-—-10mm

UPS : 90 weight percent aq. solution of UP
NB : Nitrobenzene
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PA : Picric acid
DMA : Dimethylformamide

DCB ! Dinitrochlorbenzene
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DETCHATION VELOCITY (xu/sec)
DERSITY (s/c.c.)

UPS WEJGHT PERCENT

Fig. 4 Detonation velecity and density
(at 25C) of MM-UPS mixture
against UPS content
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Fig. 5§ Gap-test arrangement
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iz, A 1.9km/s §#D LVD TCLEEET 5, 20
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77AM CLBAY e Hib, Fr—@#Ee 1T 208
DF Y A2ry FCGRE  20mm, FEE : 1.52g/c.c.)
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WTW B, BERPHIIRL, REOHE(Hin=20mm,
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Fig.5tv o v FEIDEy FREYTRT, 2DL5
iz, ¥+v 7R LCATEREA Y FHFL, hic
REMREYEA LK T, 2ORED:D, HhL¥+
v 7L OREMCKBBAELT, BRCEEYHL
BN BRI

Table 3 {3, NM/UPS=60/40 (}HE=1.2977) ®
RABIC >0 THok—llo¥+ v 77 A MRERTH
%o

Table 3 An example of Gap-Test.

Sample mixture : NM/UPS=60/40
(p=1.2977Tg/c.c.)

Ga(p;};n)gth Result Char(g‘:;llt;ngth

100.0 failed 25
80.6 failed 25
14.6 LVD 25
13.4 LVD 25
12.7 LVD 25
12.35 HVD 50
11.9 LVD 25
11.7 HVD 50
10.95 LVD 25
9.93 LVD 25
9.2 LVD 25
8.73 HVD 25
8.3 ) HVD 25
6.93 HVD 25

Table 3 IRT X 52, $8E S0mm Cix, 12.35mm
o 7ETEH HVD MR ZoTHWT, 8L 25mm
T, ¥+ 7E 1L.9mm ¢ LVD 2HEIRTH
%o Zhdb, S0mm ERETIL, {EHEO®KRHT, LVD
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Fig. 6 Critical shock pressure
against UPS content.
I : NM-UPS (90%) mixture
I : NM-UPS/H,0=80/20
I : NM-UPS/H,;0=60/40
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Fig. 7 Regin separated by Propagation
mode Difference in Teranary
mixture.
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Study on the detonation of liquid explosives (II)
Homogeneous liquid explosives containing urea perchlorate

by Masao Kusakabe*, Shuzo Fujiwara®*, and Kazuo Shiino*

Ureamonoperchlorae (UP) is remarkably soluble in water and its high con-
centrated aqueous solution can readily dissolve many kinds of organic substances.
Homogeneous mixtures of UP and some organic substances can propagate the
reaction waves, and their explosive behaviors were investigated. These detonable
mixtures were generally insensitive to impact and their light emission during
detonation reaction was rather weak. Mixtures with detonable substances, such
as picric acid or nitromethane were very powerful explosives and showed two
modes of detonation, i. e. LVD and HVD. On the other hand, mixtures with
non-detonable substances such as nitrobenzene or dimethylformamide showed only
LVD. This LVD in the mixture with dimethylformamide was different from usual
LVD observed in nitroglycerine or methylnitrate, since the critical initiation
pressure was extremely high (~40kbar).

(*National Chemical Laboratory for Industry, Eighth Division Nishiyawata
1—3—4, Hiratsuka City, Kanagawa, Japan)
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