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INTRODUCTION

An investigation of "low power" explosives was undertaken as a cooperative effort between
the Sandia Corporation and the Universal Match Corporation. The primary objective of

this program was the investigation of homogeneous chemical compounds expected to yield
detonation pressures of less than 100 kilobars. Secondary obJjectives included the attain-
ment of adequate thermal stability, suitable impact sensitivity and high density. The
wide range of properties found in coordination compounds caused efforts to be concentrated
in this area. ’

In general, a limited number of tests were performed in order to screen out unsuitable -
campounds. Those compounds which appeared promising were then subjected to further
testing. The initial evaluation of explosive output was obtained from the standard sand
bomb test. This test was abandoned when it became apparent that the consolidation density
of the explosive was an important factor. Later testing utilized the plate dent test and
a limited amount of streak camera data.

The explosive properties of the coordination compounds tested varied over a wide range, and
depended on several factors. The consolidation density was important. The oxygen balance
(to carbon monoxide ) was also significant. The insertion of a heavy ion into the explosive

_(for example, ilodate or thallous ) lowered the detonation velocity but the increased density

of the total molecule tended to keep the detonation pressure high.

EXPERIMENTAL

Detonation pressures were estimated by the plate dent technique. Figure 1 shows the plot
of detonation pressure versus depth of dent in the steel plate (hardness in Rockwell »

88-90, B scale). Detonation pressures for those cases where the streak camera technique
was utilized were calculated fram the approximation:

O.(.)lO(Lgg

P
vhere:
p = detonation pressure in bars
p = density in grams per cubic centimeter
D = detonation velocity in meters per second
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The othe»= tests rondr~ted wewe l0-hair vecmm stability o+ 100°7 . fyma-t sengit iy
by the Bireau of Mines two-kilogram dron test armaratvs. densiiy. meltinm moint. =nd
antoigrition temmerature. Not 211 %rsts were ~ondn~ted on ea~h ~ommound. and 1msnit- .
able romonnds were eliminated. .
i
AY) ~omounds were prenaced and ravrifTied by stardn-d methods to be fornd *n the liters-
ture. and analy-ed by ~onventionsl te~hninres. ‘

Table T summarizes the data ~ollerted durings this $nvestigation.
DTSCTISSTON

Cobalt, - The ovygen b=lance of the robalt ~omleves was varjed by varying both the i
1%gands and the ovidizine ~anion. The ‘odate anion was ~hos~n fo» most of the ~ommounds P
beranse of its high densitv. ab31ity to r~anse mromacation in sme?l dismetevrs. =nd low
ovvgen ecvivalent as rommared to TOL™ amd C70L". T data ~oller~ted on two ~opelh

~omronds sve shown ‘n Figure 2.

Several intererting farts should be nointed ont. (1) The r~omounds ~onta‘nine C17.

surh fs Co(NH«..)qu(TOq)o. ~ren thorh having a “avo=able oygen balance. failed to

sustain detonation. (_':1) The ontorts o” the ~ommonnds are wvariable over a wide »ange. )
for instan~e: Co(1M2)5(T01)2-4H00 gave a nressiwe of 17 kilgbers at a density o 1.%1 i
g/ce (L9.5 merrent ~rvstal density) and 215 kiloova=s at 2 70 g/~r (88.8 nevnent rwystal
density). Anothe» erammle *r Co(~n}2(T02)2: S5 kilobars at 1.0 g/~~ (A3.1 mer-ent

~rystal c%ens*‘ty) and 165 kilobavs at 2.48 g/~ (G0.1 -er~ent crystal density) (See A
Figore 2).

Conmer. 7n snd Other Metal Commleves - The ~oordination commounds of ronmer. platinum. .
zZine. nirkel. meroury. =nd radmium were similar to those of ~obalt in evmlosi-e nroner-

ties. The metal ion does not ammear to effe~t the outnut. The nirkel ion. with i%s

valente of two and mossible ~oordination n'mber of siv. was interesting be-~avse of the i
low ovygen balances vhi~h cov:ld be obtained. None of the nickel commounds sustained
detonat?on in - 0.5 inch dismeter column. With ™(en)}~(T0-)s and Zn(en)p("'f‘q )9 e

see the nroduntion of low detonatian vressure at high densstfes. Data on these +wo ;
cormonnds are given in Table II and Fignre 2.

Table IT
Estimated
Density Percent Crystal Detonation Pressure
Comound (gfer) .. Density o _{x¥ievars)
fu(en)o(103)p 1.89 69.1 Lo
».38 87.2 155
Zn(en)Z(IOq)g 1.7 69.8 o7 ’
2.h3 97.8 1Ls ;

It is to be pointed out that the exnlosive outouts of the two commounds are similar at
equal actval densities rather than eaual rercent crystal densities. This phenomenon
was shown by several other evmlosive ~omplex salts.

Another interesting situation is the different behavior of two isomers C:(+men)o(I02)2
and Cu(on)o(I03)p. In a 1/2 inch diameter by 1.37 inches long ~onTiguration. *he imen
complex sustained detonation (See Figure 3) while the on complex d’d not. The tmen
complex gave 125 kilobars at a density of 2.30 gfcc (89.7 percent crystal density).
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However, in a 1 1/k inch dismeter by 5.1 inrhes long r~onfiguration. the »n salt d+d
sustain giving an estimated detonation nressure of 105 kilobars at a density of 2.13

glcc.
SUMMARY

It ammea»s the% ovvgen balances of 20-20 nercent (to rarbon mono—ide) are ne~essar™y
to obtain low nressures at densities apnroaching crystal density. This reoirvement
nrobably necessitates the use of larger column diameters o= more sensitive ~lasses n*
commounds such as chlorates to obtain steady detonation.

One of the nronerties of these roordination commounds is the aoparent low detonation
pressure produced at relatively high densities. Figoure b shows the ~elationshi- of
detonation pressure to density for hevarmine-~obalt iodate ‘hemihydrate and TNT. The
coordination commound yields the same detonation nressure at a density of 2.7 g/r:r:
that TNT exhibits at 1.6 g/cc. The coordination commounds, resardless of oxygen bal-
ance, ligand, or central ijon. all appear to nossess a similar relationshin between
outnput and density.
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TABLE T (rontinued)

Imact Crystal Sand

Oxygen Value Density Crush Detonation Velocity Detonation Pressure
Commound Balance (%) (em) (efen) (=) (m/sec) at density (kilobars) at density
Pt(NH3 )1 (103)2 100 --- - - - 7o - - - : ---
zn(pn)2(103)2 25 - - - - - - 6.8 - -
Zn(en)o(102)o 46 2k 2.48 2.4 --- 25 (1.73)

i . 60 (2.00)

13 H20 , _ 15 (2.43)
Ni(en)3(103), 32 51 - - - .0 - - - .-
Ni(pn)3(103)5 ol ol - - - 0 - . - - -
Hg(en)(103), 100 " y100 - 17.0 - —-

.mNO . "
cd(en)p(103)2 L6 2N . - - - 16.2 - - - -- -

.
o
N NOTES: en = ethylenediamine
on = nrooylenediamine
tmen = trimethylenediamine
e et N a— S . e w oA s e ~__._ A . ey’ >_u‘}\ﬂ o % - a - PURNS - - L N S
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