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The present invention is concerned with improvements 
in or relating to gelatine blasting explosives containing a 
major proportion of crystalline salts and if desired other 
solid ingredients distributed through a lesser proportion 
of a viscous solution or jelly of nitrocellulose in a solvent 
comprising at least one explosive liquid nitric ester and 
more especially at least one explosive liquid nitric ester 
and an aromatic nitro compound. 

Since the nitroglycerine is one of the most expensive 
constituents in gelatine blasting explosives, whenever the 
blasting performance of the explosive permits, it is the 
practice to include a high proportion of crystalline salts, 
especially ammonium nitrate or other power producing 
salts in the composition, and other salts such as flame 
quenching salts, oxidising salts, and plant tissue materials 
are frequently present also, but the extent to which the 
proportion of the nitroglycerine in the explosive compo 
sition can be minimised has hitherto been limited in prac 
tice more by the difficulty of maintaining a suitably plas 
tic consistency sufficient for the extrusion of the compo 
sition for cartridging purposes than by the diminution in 
sensitiveness to initiation of the explosive, and obviously 
the higher the proportion of the salts and other solid in 
gredients the more important it is to maintain sufficient 
plasticity to enable the explosive to be extruded. To a 
certain extent economy in nitroglycerine can also be ef 
fected by partially replacing it by a liquid aromatic nitro 
compound, in particular a liquid nitrotoluene. 

In British specification No. 586,224, which corre 
sponds to U. S. Patent No. 2,454,643, there has been pro 
posed a method of improving the plasticity of blasting ex 
plosives comprising a preponderating proportion of freely 
water-soluble salts distributed in a less proportion of a 
viscous solution or jelly of nitrocellulose in a solvent 
comprising at least one explosive liquid nitric ester by 
incorporating the water-soluble salts into the viscous solu 
tion or jelly in the presence of free moisture and of at 
least one compound of polyethylene glycol ether structure 
having in its molecule at least 8 carbon atoms joined to 
gether and also at least 2 ethenoxy groups joined together. 
The amount of the aforesaid compound of polyethylene 
glycol ether structure used is stated to be from 0.02 to 
0.5% of the weight of the whole composition. Al 
though the inclusion of the aforesaid compounds enables 
the percentage of nitroglycerine to be substantially re 
duced it has now been found that it is not possible to 
make this reduction when aromatic nitro compounds 
such as liquid nitrotoluene are present. 

In British specification No. 596,279, which corresponds 
to U. S. Patent No. 2,545,270, there has been proposed a 
method of improving the plasticity of blasting explosives 
comprising a preponderating proportion of freely water 
soluble salts distributed in a less proportion of a viscous 
solution or jelly of nitrocellulose in a solvent comprising 
a liquid explosive nitric ester by incorporating the water 
soluble salts into the said viscous solution or jelly in the 
presence of free moisture and of at least one nitro-aryl 
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glycerol mono-ether or nitro-aryl-glycidyl mono-ether 
soluble in the explosive nitric ester and that has an aryl 
group containing 1 or 2 nitro groups for a single ring com 
pound or between 1 and 3 nitro groups for a naphthyl 
compound, whether with or without lower alkyl substitu 
tion in the aromatic portion, the aforesaid ether being ca 
pable of assisting emulsification in the explosive liquid 
nitric ester of a saturated aqueous solution of the freely 
Water-soluble salt that has to be present in the greatest 
proportion by volume. The aforesaid nitro-aryl-glyceryl 
mono-ethers or nitro-aryl-glycidyl mono-ethers likewise 
appear to be much less effective when aromatic nitro com 
pounds are present. 

According to the present invention the method for the 
production of blasting explosives of the kind comprising 
a preponderating proportion of crystalline salts distributed 
in a lesser proportion of a viscous solution or jelly of nitro 
cellulose in a solvent comprising a liquid explosive nitric 
ester comprises forming a mixture of said crystalline salts 
and said viscous solution or jelly in the presence of a tri 
ester of ortho-phosphoric acid wherein one esterifying 
radical is a para-tertiary-octyl-aryl group and the other 
two esterifying radicals are alkyl groups each containing 
up to 12 carbon atoms. 
The said para-tertiary-octyl-aryl group is preferably a 

para-tertiary-octyl-phenyl group or nuclearly substituted 
alkyl derivative thereof, preferably a methyl derivative. 

Examples of para-tertiary-octyl-aryl dialkyl esters of 
phosphoric acid effective for the purposes of the invention 
include 

Para-tertiary-octyl-phenyl di-methyl phosphate 
Para-tertiary-octyl-phenyl di-ethyl phosphate 
Para-tertiary-octyl-phenyl di-n-propyl phosphate 
Para-tertiary-octyl-phenyl di-n-butyl phosphate 
Para-tertiary-octyl-phenyl di-n-amyl phosphate 
Para-tertiary-octyl-phenyl di-n-octyl phosphate 
Para-tertiary-octyl-phenyl di-n-nonyl phosphate 
Para-tertiary-octyl-phenyl di-n-lauryl phosphate 
Para-tertiary-octyl-phenyl di-isopropyl phosphate 
Para-tertiary-octyl-phenyl di-isobutyl phosphate 
Para-tertiary-octyl-phenyl di-sec.-octyl phosphate 
Para-tertiary-octyl-phenyl monomethyl monoethyl phos 

phate 
The amount of the aforesaid triester of phosphoric 

acid employed may advantageously be in practice from 
0.15 to 0.5% of the weight of the whole explosive com 
position. 
The aforesaid esters of phosphoric acid are powerful 

Surface active agents and it is found that by their use the 
percentage of nitroglycerine in the explosive composition 
may be quite substantially reduced even when a nitro 
aromatic compound is present in the liquid explosive sol 
vent for the nitrocellulose without adversely affecting the 
extrudability of the composition. 

In putting the invention into effect the aforesaid ester 
of phosphoric acid may be conveniently added to the 
aromatic nitro compound and the latter may then be 
dissolved in the nitroglycerine whereupon the nitrocellu 
lose may be mixed with the resulting explosive liquid an 
the remainder of the ingredients introduced in knowh 
ac. 

The required surface active tri active esters of phos 
phoric acid may be obtained from para-tertiary-octyl-aryl 
phosphoryl dichloride by reaction with a monohydric 
aliphatic alcohol in a quantity sufficient to react with 
both chlorine atoms or with a quantity sufficient to react 
with one chlorine atom and thereafter with another of 
said alcohols in a quantity sufficient to react with the 
other chlorine atom. Reference is made to co-pending 
applications, Serial Number 225,054, filed May 7, 1951, 
and Serial Number 276,684, filed March 14, 1952, both 
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assigned to a common assignee, wherein is set forth 
method for obtaining the required surface active triesters 
of phosphoric acid as noted heretofore. 

Attention is also directed to co-pending application, 
Serial Number 235,908, filed July 9, 1951, common 
assignee. Example 1 of this application sets forth a para 
tertiary-octyl-phenoxy-phosphoryl dichloride and indicates 
that the same has a boiling point of 142 C. at 0.8 mm. 
pressure and a boiling point of 190-192 C. at 10 mm. 
pressure. 
The reaction is preferably carried out in the absence 

of moisture at raised temperature and results in the 
evolution of hydrogen chloride. In some cases better 
yields are obtained by effecting the reaction in presence 
of a tertiary nitrogen base as an acceptor for hydrogen 
chloride at ordinary or only slightly raised temperatures. 
Pyridine may be used for this purpose. 
The aromatic nitro compound may be, for example, 

orthonitrotoluene or a mixture of nitrotoluenes or dinitro 
toluenes that will not crystallise out from solution in 
the liquid explosive nitric ester, for example a dinitro 
toluene oil. The liquid explosive nitric ester may if 
desired include in admixture with trinitroglycerol other 
liquid explosive nitric esters, for example, ethylene glycol 
dinitrate, as is commonly the case in the manufacture 
of low-freezing explosives. 
The invention is illustrated by the following examples 

in which the parts and percentages are by weight. 
Example 1 

0.20 part para-tertiary-octyl-phenyl di-ethyl phosphate 
are mixed with 3 parts ortho-nitrotoluene and the resulting 
liquid is dissolved in 21 parts of a nitrated mixture of 
glycerol and ethylene glycol in the proportions 80-20. 
1.1 parts of nitrocellulose are mixed with the resulting 
liquid and when gelatinisation is substantially completed 
there is incorporated a mixture of the following ingredi 
ents in known manner: 

Parts 
Ammonium nitrate -------------------------- 56.9 
Sodium nitrate------------------------------- 12.0 
Oat husk meal ------------------------------ 2.0 
Waxed Woodmeal ---------------------------- 0.5 
Woodmeal ---------------------------------- 1.0 
Sulphur ------------------------------------ 2.0 
Starch -------------------------------------- 0.5 
Chalk -------------------------------------- 0.3 

The ingredients are mixed in a McRoberts mixer. The 
product is a gelatine explosive that can be extruded sat 
isfactorily through an ordinary cartridging machine as 
used for cartridging explosives. 
When in a comparative trial the para-tertiary-octyl 

phenyl di-ethyl phosphoric ester is omitted from the com 
position it is found that this resulting composition has 
no plastic properties and cannot be extruded through a 
cartridging machine as aforesaid. 
The addition of at least one compound of polyethylene 

glycol ether structure having in its molecule at least 8 
carbon atoms joined together and also at least 2 ethanoxy 
groups joined together in accordance with the method 
of British specification No. 586,224, U. S. Patent No. 
2,454,643, or the addition of at least one nitro-aryl glycerol 
mono-ether or nitro-aryl glycidyl mono-ether in accord 
ance with the method of British specification No. 596,279, 
U. S. Patent No. 2,545,270 does not confer plastic and 
extrusion properties. 

In order to give plastic properties to this composition 
it is necessary to add for instance 5 parts of the said 
nitrated mixture of glycerol and ethylene glycol and 1 
part of the said ortho-nitrotoluene. 

Example 2 
The para-tertiary-octyl-phenyl di-ethyl phosphate in 

cluded in the composition produced in accordance with 
Example 1 is replaced by 0.2 part of para-tertiary-octyl 
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phenyl-di-isopropyl phosphate. The resulting composi 
tion has the same plastic and extrusion properties as the 
composition of Example 1. 
The explosive compositions of Examples 1 and 2 also 

have Substantially the same consistency and the same 
sensitivity to initiation and capability for transmitting 
their initiation with cartridges separated in file (as deter 
mined by a double cartridge test) as the following com 
position free from phosphoric esters and containing 30 
parts of a liquid mixture consisting of 26 parts of a ni 
trated mixture of glycerine and ethylene glycol in the ratio 
of 80:20 and 4 parts ortho-nitrotoluene. 

Parts 
Nitrated mixture of glycerine and ethylene glycol 

in the ratio 80-20-------------------------- 26 
Ortho-nitrotoluene --------------------------- 4 
Nitrocellulose ------------------------------- 1.1 
Ammonium nitrate -------------------------- 47.6 
Sodium nitrate ------------------------------- 16.0 
Woodmeal ---------------------------------- 2.5 
Sulphur ------------------------------------ 2.0 
Starch -------------------------------------- 0.5 
Chalk -------------------------------------- 0.3 

Insofar as this explosive composition is concerned it 
will be readily appreciated that it is not possible when 
not including the para-tertiary-octyl-aryl dialkyl phos 
phate in the compositions of the invention of Examples 
1 and 2 simply to modify these compositions by employing 
30 parts of said liquid mixture and proportionately less 
of the other ingredients as the composition has to be 
oxygen balanced and the proportion of said liquid mix 
ture to be absorbed for the desired plasticity and ex 
trudability to be obtained has to be arranged in large 
measure in accordance with the solids of the composition 
by choosing the particular one or more types of meal 
which have to be present. 
The nitrocellulose used in Examples 1 and 2 is the 

variety known as blasting soluble nitrocellulose which is 
the product of nitration of purified cotton cops by the 
pot process to a nitrogen content of 11.95 to 12.2%. 
The product is at least 95% soluble in ether alcohol solu 
tion and has a viscosity of 100-1300 CGS. units in solu 
tion of 3 grams in 100 millilitres acetone (95% at 20° C). 
What we claim is: 
1. A method for the production of blasting explosives 

of the kind comprising a preponderating proportion of 
freely water-soluble inorganic nitrates distributed in a 
lesser proportion of a viscous solution of nitrocellulose in 
a solvent comprising a liquid explosive nitric ester which 
comprises forming a mixture of said freely water-soluble 
incrganic nitrates and said viscous solution in the pres 
ence of tri-ester of ortho-phosphoric acid having the gen 
eral formula: 

ER 
CB3 O 

R2 R1 

wherein R and R1 are alkyl radicals containing up to 12 
carbon atoms and R2 is a radical selected from the group 
consisting of hydrogen and alkyl radicals. 

2. A method as claimed in claim 1 wherein said solvent 
includes an aromatic nitro compound. 

3. A method as claimed in claim 2 wherein the aro 
matic nitro compound is ortho-nitrotoluene. - 

4. A method as claimed in claim 2 wherein the aro 
matic nitro compound is di-nitrotoluene oil. 

5. A method as claimed in claim 1 wherein R2 is a hy 
drogen. 

6. A method as claimed in claim 1 wherein R2 is an 
alkyl radical. 

7. A method as claimed in claim 6 wherein the said 
alkyl radical is a methyl group. 

8. A method as claimed in claim 1 wherein the amount 

----ar-rarary 
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of the aforesaid triester of phosphoric acid is from 0.15 
to 0.5% of the weight of the whole explosive composi 
tion. 

9. A method as claimed in claim 1 wherein the afore 
said ester of phosphoric acid is added to the aromatic 
nitro compound, the latter is dissolved in the liquid ex 
plosive nitric ester, the nitrocellulose is mixed with the 
resulting explosive liquid and the freely water-soluble in 
organic nitrates and any other ingredients are then added. 

10. Blasting explosives of the kind comprising a pre 
ponderating proportion of freely water-soluble inorganic 
nitrates distributed in a lesser proportion of a viscous 
solution of nitrocellulose in a solvent comprising a liquid 
explosive nitric ester which explosives include a tri-ester 
of ortho-phosphoric acid having the general formula: 

R 
CH CH3 

Hic-d-CH-0 O 
ÖH, ÖH, R 

O 

5 

O 
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wherein R and R1 are alkyl radicals containing up to 12 
carbon atoms and R2 is a radical selected from the group 
consisting of hydrogen and alkyl radicals. 

11. Blasting explosives as claimed in claim 10 which in 
clude an aromatic nitro compound. 

12. Blasting explosives as claimed in claim 10 wherein 
the quantity of the aforesaid triester of phosphoric acid 
is between 0.15 and 0.5% of the weight of the whole of 
the explosive composition. 

13. Blasting explosives as claimed in claim 10 wherein 
R2 is hydrogen. 
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