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LIQUID AND SLURIRY EXPLOSIVES OF 
CONTROLLED l-llGlh'l SENSlTIVITY 

This is a continuation, of application Ser. No. 
876,576, filed Nov. 13, 1969. 

BACKGROUND AND PRIOR ART 

In recent years a number of slurry explosives have 
been developed which are satisfactory for many pur 
poses. Generally speaking, such a slurry comprises an 
aqueous continuous phase, usually a concentrated 
aqueous solution of ammonium nitrate, or of ammo 
nium nitrate combined with sodium or other alkali or 
alkaline earth metal nitrate, or analogous inorganic salt 
of high oxidation potential, in which particulate fuels 
and/or sensitizers are suspended. Usually, a part of the 
oxidizer is suspended, too. Chlorates and perchlorates 
have been suggested as oxidizer components, as in U.S. 
Pat. No. 3,282,753, but these seldom have been used. 
Oxidizers have been suspended in water solutions (U.S. 
Reissue Pat. No. 25,695) and in solutions containing 
glycol and other organic solvents (U.S. Pat. No. 
3,390,029, for example). thickeners such as guar gum 
or analogous polysaccharides, starches and the like, are 
commonly used as thickeners or gelling agents, in 
minor proportions, in the oxidizer solutions per se as 
well as in slurries, to increase viscosity of the liquid 
phase and/or to give the whole suf?cient body to pre 
vent gravitational segregation of suspended particles. 
These suspended particles comprise fuels, such as alu 
minum particles, for example. Another purpose of 
thickening is to give the slurry suf?cient body to pre 
vent intrusion of ground water into the blasting compo 
sition when placed in a hole where ground water is 
present. 
While the slurry explosives and related materials 

mentioned above are highly satisfactory for many blast 
ing purposes, particularly where columns or charges of 
large diameter are useful and where relatively high in 
sensitivity is acceptable, they are often quite unsuitable 
for other uses. One reason is that they are too insensi 
tive for detonation in slender columns, i.e. in boreholes 
of small diameter. They cannot be detonated, as a rule, 
with ordinary caps or with detonating cord. Frequently 
they are difficult and sometimes impossible to detonate 
at all, even with large and relatively expensive boosters. 
There is a real need for a mobile fluid or pumpable 
composition, i.e. a liquid or slurry-type explosive, 
which is sensitive enough to be detonated in small di 
ameter mass or column, even at low temperatures, by 
means of an ordinary blasting cap or by means of con 
ventional PETN cored fuse such as “Primacord” or 
analogous detonating fuse. 
More speci?cally, a requirement has been expressed 

for an explosive which is cap-sensitive at temperatures 
as low as —40° C but which, at the same time, is not so 
sensitive as to be set off by a 30.06 U.S. Army calibre 
bullet when packaged in a plastic bag. Such speci?ca 
tions are extremely difficult to meet. Uses for such an 
explosive may include various formations in rock and 
other places where only small boreholes, ?ssures, or 
the like are available to receive the explosive charge. 
For demolition work, a safe but ?uid or ?uent explosive 
of good sensitivity may be needed. Wherever the slurry 
must ?ow by gravity into the place where it is to be 
used, or wherever it can be pumped into place in a rela 
tively slender column, there may be need for a detona 
ble composition having a critical cross-section that is 
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very small, in any case no larger than the borehole di 
ameter and preferably considerably smaller. 
For a further example, a need exists for a ?owable 

liquid or slurry explosive that can be dispensed, e.g. 
somewhat like conventional tooth paste, from a 
“squeeze” bottle or container containing a It: to ‘k inch 
hole. The blasting agent, in some cases, must be usable 
at a temperature of —40° C. It is desirable that it be sen 
sitive enough so that it can be detonated at such a tem 
perature by use of a cap. These requirements are very 
dif?cult to meet. Not all of the compositions of this in 
vention will meet all these requirements, but some of 
them will and most of them will meet most of the essen 
tial requirements. Obviously, the high sensitivity re 
quired for detonation in such a slender column may be 
so inconsistent in some cases with the quality of being 
safe on impact of a rifle bullet that one requirement or 
the other must yield. Essentially, however, the required 
properties are quite well met by the present invention. 
A number of attempts have been made in the past to 

make a “cap-sensitive” slurry, i.e. one which can be 
used in fairly small boreholes like sticks of dynamite, 
that is in columns about one to two inches in diameter. 
Single sticks of most nitroglycerine base or gelatin dy 
namites usually can be detonated by an ordinary blast 
ing cap. In U.S. Pat. No. 3,153,606, a so-called slurry 
explosive which is said to be of this type is described. 
Such an explosive, however, usually has to be very low 
in content of water and other liquid. In fact, composi~ 
tions of this type has been referred to as “stick" slur 
ries. Some of these are not mobile slurries at all or, if 
they could be called slurries, they are so viscous that 
they do not ?ow readily. Fluid mobility is desired in 
many cases and usually is required for purposes of the 
present invention. In fact, compositions suitable for this 
invention should be capable of ?owing by gravity and 
of being pumped mechanically through hoses, pipes, 
and other tubular conduits. 

It has also been suggested in the past that water, the 
usual liquid into which the oxidizer is dissolved, might 
be “extended” by use of a water compatible organic 
liquid having fuel valve. Thus, in U.S. Pat. Nos. 
3,190,777, 3,235,423, 3,379,587, and others, composi 
tions containing water plus ethylene glycol, formamide, 
dimethyl formamide, methyl alcohol, and other organic 
liquids are described. However, the purpose of the liq 
uid organic ?uids in these cases is primarily to extend 
the liquid phase, a purpose somewhat different from 
the purpose served by the organic liquids of the present 
invention. Here, the added liquids must be both of sig 
ni?cant fuel value and have strong solvency for the oxi 
dizers used in the present invention. 
The prior art has described also the use of particulate 

self-explosives such as TNT and nitrocellulose (smoke 
less powder) as in U.S. Pat. No. 2,930,685, 3,235,425 
and 3,331,717. In these cases, the explosive particles 
are generally fairly large, and some are entirely unsuit 
able for use in slender column explosive charges. The 
present invention contemplates the use of much more 
finely divided particles of a more sensitive self 
explosive type, such as ?nely divided RDX or PETN, 
as an additional aspect. 
A number of attempts have been made in the past 

also to produce slurry type blasting agents of higher 
sensitivity to detonation merely by using substantial 
quantities of heat producing metals, especially by using 
very ?nely divided aluminum metal. In particular, the 
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fine ?aked particle grades or so-called paint grade alu 
minums, having particle sizes such that most will pass 
through a 325 U.S. sieve, are known to have strong sen 
sitizing properties. These fine ?aked metal particles 
have high surface areas and are particularly beneficial, 
even in small proportions, for sensitizing aqueous slur 
ries. Such metals can be used as an auxiliary fuel 
sensitizer in the present invention. 
However, even with paint grade aluminum, the sensi 

tivity of typical prior art slurries, based usually on am 
monium nitrate, or AN plus sodium nitrate, generally 
is not nearly sufficient for purposes of the present in 
vention. Moreover, a mixture of water with such a 
finely divided aluminum sometimes tends to be unsta 
ble because of the aluminum-water reaction which can 
occur at ordinary temperatures. Such a reaction, of 
course, can be inhibited to some degree as described in 
US. Pat. No. 3,113,059, but there is a limitation on use 
of extremely active aluminum in mixtures which con 
tain water. 

It has now been found that the sensitivity of an explo 
sive slurry is dependent, to some degree, not only on 
the temperature at which the slurry is detonated but 
also on the solubility at that particular temperature of 
the inorganic oxidizer salts in the liquid. The salt solu 
tion, of course, serves as the liquid body continuous 
phase of a typical slurry. The in?uence of temperature 
on sensitivity is illustrated by a typical explosive slurry 
composition which has a critical diameter at 25° C of 
2 inches, but whose critical diameter increases to at 
least 2.5 inches when the temperature is dropped to 5° 
C. It appears likely, at least in theory, that if a true solu 
tion actually existed at the lower temperature, there 
should be little or no difference in sensitivity as mea 
sured by the critical diameter over this small tempera 
ture range. In many and probably in most slurries of the 
prior art, however, there usually is a very substantial 
change in critical diameter over a small temperature 
range. This appears to be due, at least in substantial 
part, to the fact that whereas a true solution of oxidizer, 
usually AN, is present in the higher temperature, at a 
moderately lower temperature some of the oxidizer salt 
has been precipitated or “fudge-d” out of solution. With 
AN particularly, this can occur with a relatively small 
temperature drop. The solubility of ammonium nitrate 
in water drops very rapidly with decreasing tempera 
ture. This is true, in varying degrees, with most power 
ful oxidizer salts. in those cases where there is actually 
a true solution of oxidizer and fuel, which can be main 
tained over a working temperature range, with oxidizer 
and fuel being intimately in contact, i.e. substantially in 
molecular contact with each other in the liquid regard 
less of the temperature changes, the adverse in?uence 
of temperature on the sensitivity and critical diameter 
of the composition can be either essentially eliminated 
or at least very signi?cantly reduced. 
Hence, one aspect of the present invention is the dis 

covery of the importance of keeping the oxidizer salt in 
solution, and of ways of doing so, over the range of 
temperature that is most likely to be encountered in 
practical use. It appears, in fact, that the sensitivity of 
an oxidizer solution, other things being equal, can be 
substantially increased and maintained at an accept 
able level over a reasonable temperature range accord 
ing to the present invention by proper choice of sol 
vent, even when relatively poor fuels or oxidizers are 
used. This can be accomplished by choice of either sol 
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vent or solutes (oxidizer salt) and by making as certain 
as can be that both a good quantity of an effective fuel 
and substantially all the oxidizer stay in solution to 
gether, and hence in molecular contact, over the ex 
pected temperature range. 

It is therefore an object of the present invention to 
obtain in a ?uid liquid or slurry type explosive, as 
nearly as possible, the general order and range of sensi 
tivities of conventional solid or molecular type explo 
sives such a TNT, RDX, and the like. Fluid composi 
tions or slurries thus are prepared wherein at least sub 
stantial parts of essential fuel and oxidizer ingredients 
remain in solution together. Therefore, these composi 
tions are not substantially affected by ordinary temper 
ature changes. 
By obtaining and keeping essentially true solutions of 

oxidizers and fuels in liquid, even in water, the neces 
sary molecular relationships between fuel and oxidizer 
are maintained. Oxidizers, of course, must be appropri 
ately selected, as well as fuels. By establishing eutectic 
points for two or more salt-type oxidizers chosen from 
a select group, it is possible according to this invention 
to obtain an even better solubility range of oxidizer in 
gredients in fuel-solvent solution, i.e. over a wider tem 
perature range, than is possible with a single salt. At the 
same time, it is possible to obtain the advantages of 
maximum intermolecular contact within the composi 
tion by having most or substantially all of the oxidizer 
and at least a substantial part of the fuel in actual solu 
tion together. By this means a liquid body is obtained 
which is detonable per se. 
A further aspect of the present invention is the dis 

covery that the amount of water required can be re 
duced to or near a practical minimum. Enough solvent 
is needed to maintain a true solution at the temperature 
of use. Water may and often does enter into reaction 
with or in presence of ?nely divided aluminum or other 
metal such as magnesium, silicon, or boron, as a vigor 
ous component. This happens provided requisite reac 
tion temperature and other conditions can be reached 
and maintained. See Cook, “The Science of High Ex 
plosives”, ACS Monograph No. 139 (1958), page 304. 
Another aspect of the invention is its facilitating use 

of slurries at higher than normal density. Where liquid 
or slurry explosives can be used, and where they can be 
detonated at high densities the perchlorates, as oxidiz 
ers, have special advantages. For use in molecular-type 
sensitive slurries, as mentioned above, they have supe 
rior properties. 

SUMMARY 

A liquid or slurry explosive containing in fully dis 
solved state 20 to 60 percent by weight of alkali or al~ 
kaline earth metal perchlorate, or ammonium perchlo 
rate, preferably a sodium or calcium perchlorate or a 
mixture of these two, 2 to 10 percent of sodium nitrate, 
0 to 25 percent of water, and 5 to 25 percent of an or 
ganic fuel, which may be diol such as ethylene glycol, 
or a low molecular weight monoalcohol such as methyl 
or ethyl alcohol and, optionally, a suspended particu 
late fuel, such as ?nely divided self-explosive, or a ?ne 
paint grade aluminum in proportions up to l or 2 per 
cent, has a sensitivity much greater than is expected in 
normal slurries. It has a density, even when aerated, of 
at least 1.0 g/cc. Such a slurry may be forti?ed by addi 
tion of conventional fuels in small or greater propor 
tions when they do not desensitize the composition, 
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such as aluminum, with or without insoluble carbona 
ceous particles; and/or soluble carbonaceous materials 
such as carbohydrates, e. g. sucrose or other sugars, and 
the like, or even with finely divided explosive sensitiz 
ers, such as particles of PETN (pentaerythritoltetrani 
trate). Particular advantages are obtained by using a 
small amount of thickener and a combination of two or 
more powerful oxidizer salts, which may include vari 
ous combinations of sodium or other perchlorate, so 
dium nitrate, ammonium nitrate, and/or calcium ni 
trate to establish eutectic solubility properties in or 
ganic solvents and or water. Calcium perchlorate is es 
pecially useful with some particular fuels, such as 
methyl or ethyl alcohol. Use of lower alcohols and simi 
lar water compatible fuels in liquid form makes it possi 
ble to use relatively very little or no water. Particularly, 
organic liquid fuels and solvents of the group consisting 
of ethylene glycol, formamide or dimethyl formamide, 
methyl alcohol, ethyl alcohol, isopropyl alcohol, and 
mixtures of two or more of these, and/or sucrose, are 
useful. They preferably are used in solution in glycol or 
water. Aldehydes, ketones, amines, amides, and al 
cohol-amines may be used, as long as they are water 
soluble or water-compatible and provided they stay in 
solution, at the temperature of use to a signi?cant de 
gree, when the inorganic oxidizer salt is wholly or at 
least largely in solution also. 

DESCRIPTION OF PREFERRED EMBODIMENT 

Example 1 

A basic explosive solution was prepared by combin 
ing 52 percent by weight of sodium perchlorate, 18.5% 
water, 5.5% sodium nitrate, and 24% ethylene glycol. 
This composition had a rather high density of 1.58 g/cc. 
This is advantageous when it is desired to place as 
much weight as possible of the explosive and hence 
maximum energy in a given volume. Of course, the 
density can be readily reduced and the composition 
made more sensitive by aerating it with air, or other gas 
in line, widely distributed bubbles. This particular com 
position, which was a liquid free of suspended solids, 
was not cap-sensitive at this density but it was fully det 
onable per se. It had a critical diameter at 25° C of 2 
inches, which critical value increased to 2 17% inches at 
5° C. It was possible to initiate a detonation of the same 
liquid by slurrying into it substantial proportions of a 
particulate self-explosive. Sixty parts by weight of the 
above solution, for example, were combined with forty 
parts by weight of particulate pentaerythritoltetrani 
trate (PETN), using a small amount of a guar gum, 
0.2% by weight, based on the total, to thicken the solu 
tion so that the suspended solid particles of PETN 
would not settle out by gravity. This slurry mixture had 
a density of 1.78 g/cc. It was cap-sensitive in relatively 
small masses and in an uncon?ned column diameter of 
0.5 inches (paper tube). It was initiated with a No. 6 
blasting cap at various temperatures ranging from 30° 
C down to as low as —30° C. 

EXAMPLE 2 

Another example of a slurry made according to the 
foregoing principles, comprised 90 parts by weight of 
the solution described above in Example 1, that is, of 
sodium perchlorate, water, sodium nitrate, and ethyl 
ene glycol. To this were added 8 percent by weight of 
a ?nely divided aluminum designated “LSA 132” and 
2 parts of a still finer aluminum designated “VM 804'’. 
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6 
The resulting slurry had a viscous consistency, 
achieved by adding a thickening guar gum in quantities 
of 0.2 percent, using 0.1 percent of a cross-linking 
agent, H3803. The composition had a density of 1.43 
g/cc. The density indicates there was probably a signi? 
cant amount of air entrained in the form of ?ne bub 
bles. The composition was cap-sensitive in a ‘Xv-inch di 
ameter. It was initiated with a No. 6 blasting cap, down 
to a temperature of 0° C. In a diameter of lzé-inch it was 
initiated with a similar cap at -—l5° C. It detonated at 
—30° C in a 1-inch diameter with a 40 gram, 50/50 pen 
tolite booster. 
Comparison of detonation velocities is interesting. 

The liquid mixture, by itself, had a detonation velocity 
of 2,300 m/sec., whereas the same mixture with alumi 
num added had a detonation velocity of 5,300 m/sec. 
A slurry made up of the liquid of Exampes 1 and 2 

in proportions of 60 percent, with 40% PETN sus 
pended therein and uncon?ned, was not detonated by 
30.06 ri?e bullet impact. However, the aluminum mix 
ture of Example 2 did detonate when ?red by such a 
bullet. The solution itself, without PETN or aluminum, 
was found on different thermal analysis to be stable up 
to 300° C. It showed an exotherm when PETN was 
added at 170° C and exploded spontaneously at 178° C. 
The aluminum mixture was stable up to 265° C. 

Example 3 

Another composition was prepared consisting of 31.2 
percent by weight of sodium perchlorate, l 1.1% water, 
3.3% sodium nitrate, and 14.4% ethylene glycol, as the 
liquid menstruum, and 0.1% guar gum thickener, plus 
40 percent of particulate PETN obtained from a source 
in Sweden. The solution without the PETN was explo 
sive per se. This slurry, including PETN, had a calcu 
lated energy, Q, of 1,085 cal/g and a density of 1.78 
g/cc. PETN as used here was made to a particle size of 
approximately 90 percent between —35 and +100 
mesh. Attempts to make the same formulation but with 
a ?ner PETN, of which 40 percent would pass a 325 
mesh sieve failed, apparently because the mix became 
too viscous and became a semi-gel at --40° C. The solu 
tion per se required an initiator more powerful than a 
No. 6 blasting cap to detonate it in a 3 inches diameter 
column at 30° C. 
Under some conditions, it appears that other explo 

sives than PETN can be used, such as RDX or TNT. It 
was found in experiments, however, that finely divided 
RDX was less satisfactory than PETN at very low tem 
peratures. It is expected that TNT, which is less sensi 
tive would be even less satisfactory. 

EXAMPLE 4 

Another composition was made up of 22 percent by 
weight of sodium perchlorate, 17% water, 3% sodium 
nitrate, 8% ethylene glycol, all in solution, to which 
were added 0.2% of guar gum thickener, and 50 per 
cent by weight of ?nely divided PETN obtained from 
U.S. manufacturer. This slurry failed to shoot at 20° C 
in 95-inch columns with both N0. 6 and No. 8 caps. in 
a l-inch column it failed with a No. 6 cap but ?red sat 
isfactorily with a No. 8 cap. The explosion made a sub 
stantial dent in a 115-inch steel plate. This slurry had a 
density of 1.77 g/cc and was very viscous at 20° C. 

EXAMPLE 5 

Using 60 percent of the same liquid composition as 
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that of Example 1, which had an oxygen balance per se 
of —l.3, with 40 percent by weight of ?nely ground 
PETN (about 40 percent of which passed through a 
325 mesh Tyler screen), the resulting composition was 
mobile enough to ?ow slowly, i.e. could be pushed out 
of a squeeze bottle, but it was almost too dry to call a 
slurry, at 20° C. At ——40° C it set up solid. It detonated 
with a No. 6 cap in a 35-inch column. Using 50 percent 
of the same liquid and 50 percent by weight of the same 
PETN, the composition was much too dry to be consid 
ered a slurry. A mixture of 65 percent of the solution 
and 35 percent fine PETN was somewhat more ?uid 
than the 60-40 mix but still quite putty-like in consis 
tency. It had a density of 1.81 g/cc. This PETN con 
tained 40 percent ?ne enough to pass a 325 mesh Tyler 
screen. The 65-35 mix detonated in Vz-inch diameter 
at —25° C. When 5 percent of paint grade aluminum 
was added, the mixture was too dry to ?ow and would 
not detonate with a cap. This illustrates the point that 
the compositions with both the oxidizer and the fuel 
largely or entirely in solution can be more sensitive 
than drier mixes. Ordinarily, the drier slurries are easier 
to detonate than wet ones. 

EXAMPLE 6 

A composition was made up of the following ingredi 
ents, percentage by weight: 

Sodium perchlorate 19% 
Water 15.0 
Sodium nitrate 2.6 
Ethylene glycol 3.4 
Boric acid 0.05 
Guar gum 0.2 
Fine aluminum 10.0 
PETN - fine ground 50.0 

This was too dry at 20° C to be called a slurry. It had 
a density of 1.82 g/cc at 20° C and detonated in a 
lré-inch column, with a No. 6 blasting cap, making a 
dent in a %-inch thick steel plate. It detonated also at 
20° C in a %—ll'lCl'l column, with a similar No. 6 blasting 
cap. The PETN used here wa a medium ?ne ground 
product from Trojan Powder Co. of which 40 percent 
passed a 325 mesh sieve. 

EXAMPLE 7 

Another composition was preared consisting of 33.3 
percent by weight of sodium perchlorate, 3.5 percent 
sodium nitrate, 11.8% water, 15.4% ethylene glycol, 
1% guar gum thickener, and 33 and 2 percent respec 
tively of the fine and ultra?ne aluminums described in 
Example 2. This mix, with an oxygen balance of —33.4 
percent, had a density of 1.65 g/cc and a detonation ve 
locity of 5,390 m/sec. 

EXAMPLE 8 

Another composition was prepared with a solution 
containing 47 parts by weight of sodium perchlorate, 5 
parts of sodium nitrate, b 24 parts water and 21 parts 
ethylene glycol. To this solution was added 1 part of a 
guar gum thickener and small quantities of gas produc 
ing agents to aerate the slurry and reduce its density. 
The properites of the initial solution and the solution 
after being thickened and gassed are compared below: 

Solution 
with Thickener 

Solution Alone and Gassing 
Agents 

Density (g/cc) L54 1.25 
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8 
Critical 
Diameter 
(inches) 3 (minimum) 0.75 
Detonation 
Velocity 
(m/sec) less than 2500 4800 
Minimum 
Booster 30 grams No. 6 Blasting Cap 

Pentolite 

While the foregoing examples deal largely with so 
dium perchlorate and sodium nitrate based explosives, 
i.e. where sodium perchlorate is the major oxidizer 
used in he solution, other perchlorates and nitrates can 
be substituted in part or even in full. 
Calcium nitrate, though less sensitive in most cases 

than the perchlorates, is a particularly desirable ingre 
dient in liquid explosives which contain methyl alcohol. 
Calcium nitrate has good solubility in water, in methyl 
alcohol, ethyl alcohol, and in ethylene glycol, even at 
low temperatures. Alone, or in combination with so 
dium perchlorate, it has a low eutectic solubility point. 
In proportions as high as 70 to 75 percent of the total 
solution, commercial grades of calcium nitrate, which 
contain 14 to 16 percent water of crystallization and 
normally contain a few percent of ammonium nitrate, 
have better (i.e. lower) fudge points than more dilute 
solutions of ammonium nitrate combined with sodium 
nitrate. See U.S. Pat. No. 3,249,476. Data are given in 
Table l. 

TAB LE I 

AN SN CN* Fudge pt. Density 

*CN, calcium nitrate from Norway, containing 5% by weight of am 
monium nitrate (AN) and 16% water of crystallization. 

Obviously, calcium nitrate has desirable properties 
where it is desired to keep the oxidizer in solution (low 
fudge point) as required by the present invention. 
Calcium perchlorate as oxidizer or as a part of it, and 

methyl or ethyl alcohol, as the liquid fuel, or part of it, 
appear to have merit because they both are highly solu 
ble in water and have good reactivity. 
From the foregoing, a preferred explosive composi 

tion will be seen to include both fuel and oxidizer in the 
solution, and preferably all or substantially all of the 
oxidizer is in the dissolved state. This component com 
prises from as little as 20 to about as much as 60 per 
cent by weight of oxidizer, and preferably includes at 
least one perchlorate selected from the group which 
consists of ammonium perchlorate, alkali metal per 
chlorates, and alkaline earth metal perchlorates. The 
perchlorate is the major oxidizer component but it is 
combined together with a small amount of at least one 
other powerful oxidizer salt, preferably a nitrate se 
lected from the group which consists of ammonium, al 
kali metal and alkaline earth metal nitrates. The salts 
should be selected to give a low eutectic solubility or 
“fudge” point temperature-wise so that they will not 
salt out of the composition to any large degree at the 
temperature of use. 
The liquid may comprise 0 to 25 percent of water and 

5 to 30 percent of fuel; usually ethylene glycol is pre 
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ferred but it can sometimes be replaced or supple 
mented by one of the simple alcohols. A combination 
of about 0 to 20 percent of water and a little more gly 
col or other organic solvent, say 15 to 25 percent is par 
ticularly desirable to make the explosive solution per 
se. The organic liquid chosen should have at least rea 
sonably good combustion value, 7,000 btu. per pound 
or greater. Diethylene glycol has a value of about 
7,600, methyl alcohol about 9,500, and ethyl alchol 
about 13,600 btu., but the former is usually preferred 
for this invention. 
To maintain its integrity, in presence or absence of 

water, even when no insolubles are added, this liquid 
preferably y is thickened at least moderately by incor 
poration of a small amount of a thickener. Guar gum 
in proportions of 0.10 to 1.0 percent by weight is par 
ticularly suitable. Starches may be used in larger quan 
tities. Cellulosic gums and their derivatives are re 
quired in some cases. Examples of such gums are 
methyl cellulose and hydroxyethylcellulose. The gum 
or starch preferably is cross-linked by use of a cross 
linking agent such as borax or an alkali metal dichro 
mate. This not only guards against undue water intru 
sion from extraneous sources; it helps to hold sus 
pended fuel or self-explosive particles against segrega 
tion. It also enables the liquid phase to trap and hold 
tiny bubbles of air or other gas which are needed for in 
creasing sensitivity. Such air or other gas may be intro 
duced by mixing or beating the thickened liquid per se 
or by stirring particulate solids into the liquid men 
struum. Particles of fuels and/or self-explosives, such as 
aluminum and/or particulate PETN, RDX, TNT, and 
the like, may be added. The liquid mass per se is a po 
tent explosive, and is substantially oxygen-balanced, 
without these particulate fuels or self-explosives. In this 
respect it is quite distinct from the prior art slurries. 
When particulate non-explosive fuels are used, those 

preferred comprise aluminum, sulfur, and carbona 
ceous solids such as ground coal or gilsonite. Preferred 
self-explosives are PETN, RDX, Composition B, 
EDNA (ethylenediaminedinitrate), or TNT. These 
should be chosen and used in proportions suitable to 
impart the desired sensitivity and to hold the oxygen 
balance within reasonable limits, in any case between 
—50 and +10 percent. For ?nely divided aluminum, 
proportions up to 45 percent of the total composition, 
by weight, may be used. Proportions of 20 to 40 per 
cent are preferred when maximum power is needed. 
Part of this aluminum may be paint grade ?ne ?aked 
aluminum; proportions of l to 2 contribute to sensitiv 
ity. Sensitive self-explosives such as PETN may be used 
in proportions up to 65 percent by weight of the total 
slurry. Obviously mixtures of PETN, RDX, Composi 
tion B, TNT, and aluminum, or any two or more of 
these may be used. Since the liquid phase per se is fairly 
well oxygen-balanced, the particulate materials should 
bring at least part of their own oxygen (as with self 
explosives) or should be reactive with water (as is alu 
minum under favorable conditions when water is pres 
ent), or solid oxidizer should be present in the particu-. 
late or suspended phase. This may be the principal oxi 
dizer (perchlorate) partly precipitated from the liquid 
or added separately, or it may be a separate oxidizer 
salt such as AN, SN, calcium nitrate, etc., added sepa 
rately. As already noted, use of a small amount of one 
or more of these salts is often preferred because it low 
ers the “fudge” point. 
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10 
The compositions of this invention are particularly 

versatile. They can be “tailor-made” both to the de 
sired sensitivity and the desired power by appropriate 
selection of components by type and proportions. This 
has not been true of the prior art slurries which, in gen 
eral, are much less sensitive and less subject to sensitiv 
ity control. The liquid components that are high in dis 
solved sodium perchlorate or other perchlorate, and 
high also in ethylene glycol or other organic fuel molec 
ularly adjacent to each other, are quite sensitive per se. 
By adding substantial proportions of finely ground self 
explosives of the more sensitive type, which are reason 
ably in oxygen balance per se, such as PETN, still more 
highly sensitive products are obtained. These can prop 
agate a detonation wave in a very slender column, e.g. 
a column as small as 1/&-inch or less in diameter or mean 

cross-section. 
Where such high sensitive explosives are not needed, 

the content of self-explosive, such as PETN, may be re 
duced, or eliminated. Alternatively, this particular self 
explosive may be replaced fully or in part by one or 
more of the other self-explosives named above and/or 
by aluminum powder. 

In many cases, addition of a small amount of very 
finely divided aluminum, especially the flaked paint 
grade, is desirable because of its high fuel or energy 
value. It contributes very substantially to high sensitiv 
ity, even in well balanced liquid compositions. It is de 
sirable, also, for the mechanical handling properties it 
imparts to the composition. It helps to lubricate the 
flow of the composition through conduits and ori?ces 
as when it is dispensed through valves, pumps, hoses 
and other ?ow devices. 
Two further examples were made. The ?rst con 

tained 73.5% calcium perchlorate and 26.5% methyl 
alcohol. This solution per se had a density of 1.54 g/cc 
and was detonated in a 0.75-inch diameter column with 
a 9-gram Pentolite booster. The second contained 60% 
lithium perchlorate and 40% forrnamide. This solution 
per se had the density of 1.57 g/cc and was detonated 
in a l-inch diameter column with a 9-gram Pentolite 
booster. 

It will be obvious that the above and other modi?ca 
tions, which will suggest themselves to those skilled in 
the art, can be made within the spirit and purpose of 
the invention. 
What is claimed is: 
l. A sensitive blasting composition comprising a sub 

stantially oxygen-balanced liquid mass which is detona 
ble per se and which includes 0 to 25 percent by weight 
water and 5 to 30 percent by weight of a water 
compatible organic liquid having fuel value of 7,000 
British Thermal Units per pound or greater selected 
from the group consisting of diols; methyl, ethyl or pro 
pyl alcohols; aldehydes; ketones; amines; amides and 
alcohol-amines and mixtures of two or more of these 
and having completely dissolved therein an oxidizer 
salt, said salt comprising at least a major proportion of 
a perchlorate selected from the group which consists of 
ammonium, alkali metal, and alkaline earth metal per 
chlorates, in which liquid said perchlorate ‘remains 
completely dissolved and hence in molecular contact 
with said water-compatible organic fuel at the tempera 
ture of preparation and also at the temperature of use, 
said liquid mass containing tiny entrapped gas bubbles, 
said composition having a bulk density of at least 1.0 
grams per cubic centimeter. 
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2. Composition according to claim 1 which also con 
tains a small amount of an inorganic nitrate oxidizing 
salt which is substantially dissolved both at manufac 
ture and use in said liquid mass to lower its crystalliza 
tion or fudge point. 

3. Composition according to claim 1 which also com 
prises a ?nely divided solid fuel suspended in said liquid 
mass and a thickener for said liquid to substantially in 
crease its viscosity and to stabilize said finely divided 
suspended fuel against segregation from said liquid 
mass. 

4. Composition according to claim 3 in which the 
solid fuel comprises finely divided metallic aluminum 
up to 45 percent by weight of the total composition. 

5. Composition according to claim 3 in which the 
solid fuel comprises a finely divided self-explosive. 

6. Composition according to claim 5 in which the 
self-explosive is pentaerythritol tetranitrate. 

7. Composition according to cairn l which also com 
prises a finely divided solid fuel suspended in and insol 
uble in said liquid mass in proportions up to 65 percent 
by weight of the total. 

8. Composition according to claim 1 which com 
prises 20 to 60 percent by weight of sodium perchlo 
rate, an alcohol, a thickener sufficient to stabilize sus 
pended particles against segregation from said liquid 
mass, and enough solid suspended particulate fuel to 
keep overall oxygen balance within limits of —50 to 
+10 percent. 

9. Composition according to claim 8 which has its 
density lowered sufficiently by incorporation of addi 
tional quantities of air bubbles to increase its sensitiv 
ity. 

l0. Composition according to claim 8 wherein the 
solid fuel is a self-explosive in proportions up to 65 per 
cent by weight of the total composition. 

11. Composition according to claim 10 in which the 
self-explosive is pentaerythritol tetranitrate. 

l2. Composition according to claim 1 in which the 
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sodium perchlorate, up to 10 percent of sodium nitrate 
and a thickener. 

l3. Composition according to claim 12 in which the 
thickener is a cross-linked gum. 

l4. Composition according to claim 1 which has its 45 

50 

55 

65 

12 
density lowered by an amount of about 0.1 to 0.3 g/cc. 
by including a dispersed gas therein. 

15. Composition according to claim 14 which in 
cludes a thickener for the liquid. 

[6. Composition according to claim 1 wherein said 
oxidizing salt comprises calcium perchlorate and the 
organic liquid comprises methanol. 

17. Composition according to claim 1 which com~ 
prises formamide as an organic liquid. 

18. Composition according to claim 1 which com 
prises a major proportion of a perchlorate and a minor 
proportion of a nitrate as the oxidizing salt, said com 
position containing sufficient widely dispersed gas en 
trapped therein to lower its density about 0.1 to 0.3 
grams per cubic centimeter. 

l9. Composition according to claim I in which said 
oxidizing salt is calcium perchlorate. 

20. Composition according to claim 1 where said or 
ganic liquid fuel is methanol. 

21. A sensitive blasting composition comprising a 
substantially oxygen-balanced liquid mass which is det 
onable per se and which includes 0 to 25 percent water 
and 5 to 30 percent of a water-compatible organic liq 
uid having fuel value of 7,000 British Thermal Units 
per pound or greater selected from the group consisting 
of diols; methyl, ethyl or propyl alcohols; aldehydes; 
ketones; amines; amides and alcohol-amines and mix 
tures of two or more of these and having dissolved 
therein an inorganic oxidizing salt, said salt comprising 
a nitrate selected from the group of alkali metal and al» 
kaline earth metal nitrates, said water-compatible or 
ganic liquid having sufficient solvency such that said 
nitrate remains completely in solution and hence in 
molecular contact with said organlc liquid at the tem 
perature of manufacture and also at the temperature of 
use, said liquid mass containing numerous tiny gas bub 
bles dispersed therein. 

22. Composition according to claim 21 in which said 
organic liquid is methanol. 

23. Composition according to claim 21 in which said 
inorganic oxidizer salt is calcium nitrate. 

24. Composition according to claim 21 wherein the 
organic liquid fuel is ethylene glycol. 

* * * * * 
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