United States Patent Office

3,361,601
Patented Jan, 2, 1868

1

3,361,601
GELLED AQUEOUS NITRIC ACID
COMPOSITIONS
Joseph D. Chrisp, Claymont, Del., assigner to E, I du

Pont de Nemours and Cowpany, Wilmington, Del., a 5

corporation of Delaware
No Drawing, Filed Avg. 30, 1966, Ser. No. 575,986
27 Claims, (CI. 145—19)

ABSTRACT CF THE DISCLOSURE

Aqueous nitric acid-based explosives gelled by the in
situ polymerization of a mixture of mono- and polyethyl-
enically unsaturated polymers soluble and stable in the
system.

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of copending
application Ser. No. 504,169, filed Oct. 23, 1965, now
abandoned, which, in turn, is a continuation-in-part of
copending application Ser. No. 486,223, filed Sept. 9,
1965, now abandoned.

DISCLOSURE

Liquid nitric acid finds nse in the metallurgical, ferti-
lizer, explosive, and general chemical process industries,
where it serves principally in the preparation of inorganic
nitrate salts or as a nitrating or oxidizing agent. However,
use of the liquid acid as a chemical reactant or as an acid-
ulating agent has always required special protection of
both personnel and material, inasmuch as the inherent
corrosiveness normally characteristic of a strong acid is
accompanied in the case of nitric acid by particularly
strong oxidizing capacity. These protective consideraticns
also apply in the case of chemical propellants and ex-
plosives in which the oxidizing power of nitric acid is har-
nessed by reacting it under controlled conditions with one
or more fuels.

The potential of liquid nitric acid as sole or principal
oxidizing component in such high-energy compositions
apparently was first clearly recognized by Dr. Hermann
Sprengel in the early 1870%s. In a paper in 1873 in the
Journal of the Chemical Society (London), 26, 756-807,
he noted that of all the then commonly available oxidizing
agents, nitric acid contained the highest percentage of
available oxygen. However, Sprengel also recognized the
difficulties inherent in using the liquid acid as an oxidizing
component for such charges. In British Patent 2642 of
1871, in which he initially proposed explosive composi-
tions composed of liquid oxidizing agent, specifically nitric
acid, in combination with one or more liquid or solid
“combustible substances,” i.e., fuels, a preferred method
set forth for preparing such explosives was mixing of the
oxidizer and fuel components immediately prior to use.

Since the time of sprengel’s initial work on this type of
charge, which often is referred to by his name, a num-
ber of attempts have been made to introduce modifica-
tions permitting easier and safer handling of such charges.
For example, several variations directed particularly to-
ward use of more economical and, in some cases, safer
fuels and toward improvements in packaging and dis-
pensing of the charges have been introduced, especially
under the impetus of World Wars I and I1, during which
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charges of the Sprengel type were of increased interest
for military use.

However, in spite of these modificaitons, explosives con-
taining liquid nitric acid have never received widespread
acceptance, either for military purposes or in the civil ex-
plosives market. A principal reason for this lack of ac-
Cceptance is not difficult to ascertain. Liquid nitric acid is
harmful to man, as well as to other animal and plant life,
and injury or damage can result not only from contact
with the liquid acid but also from exposure to the “fumes”
(nitrogen oxides) that can evolve from the lignid acid
under some conditions. Corrosiveness of the acid to many
materials of construction likewise has been a problem, at
least until relatively recently, in that the imperative for
reliably leak-free storage, mixing and fransfer facilities
has often been associated with excesses in weight and in
costs of making and using such equipment.

A less immediately obvious, but no less significant, dis-
advantage of some of the explosives containing liquid
nitric acid is their sensitivity to detonation by impact, or
high “shock sensitivity.” Even when carefully prepared to
avoid highly incompatible components and excessive heats
of mixing, certain explosives of this type also have been
known to “fume off” during formulation. Following
Sprengel’s procedure of mixing the liquid acid and fuel
at the time and site of use, including mixing in the blast
hole in the case of use of the charges as blasting explo-
sives, can minimize the more serious consequences of these
problems but simultaneously may generate new ones. For
example, in loading of the charges into blast holes con-
taining appreciable amounts of water, sealing or packag-
ing material that is watertight and will remain 80, even af-
ter several days’ or weeks’ exposure, is generally neces-
sary. Otherwise, ingress of water can lead not only to de«
sensitization so that the charges cannot be detonated, but
also to decomposition reactions associated with the high
heat of dilution of nitric acid in water. Even in so-called
“dry holes,” losses of liquid components through sub-
terrancan fissures or simmilar faults and reaction of the
nitric acid with some minerals, €.8., carbonate-containing
formations, can create problems.

Since maintenance of the liquid nitric acid and the fuel
components in separated state until the time of use has
not proved entirely satisfactory, either in terms of equip-
ment and packaging requirements or in terms of the re-
sults achieved, other methods directed particularly toward
immobilizing and/or dessensitizing the nitric acid-contain-
ing axplosives have been tried. For example, certain min-
eral substances of high absorptive capacity, such as kie-
selguhr and other diatomaceous earths, clays of various
types and, more recently, colloidal silicas, have been pro-
posed for use in nitric acid-containing explosives. These
materials tend to thicken and Immobilize the liquid ex-
plosives, or their liquid constituents, can in some cases
impart a desirable reduction in sensitivity to detonation
by impact, and may also help to provide at least tempo-
rary homogeneity in charges composed of nonmiscible
components. However, such additives are inert, or sub-
stantially so, with respect to contributing to the total
power of an explosive and hence are less than ideal con-
stituents. Also they do not yield cohesive compositions of
a wide range of consistencies.

More recently, a number of high-molecular-weight or-
ganic compounds, particularly certain linear polymers of
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the vinyl type, have been found to swell in explosives con-
taining liquid nitric acid and hence to impart a “thicken-
ing” effect. Unlike the inorganic modifiers referred to
above, such organic thickeners do coniribute to total ex-
plosive strength and power. Like the inorganic agents,
they also can aid in providing homogeneity in compesi-
tions prepared from immiscible compenents, especially in
the as-made state. However, neither of these types of ad-
ditives is inherently capable of giving products of high vis-
cosity, cohesiveness or flexibility. Water resistance, a de-
sirable characteristic especially in explosives to be used
in wet, or potentially wet, locations, also is not markedly
improved by their use. Furthermore, what thickening and
stabilizing action is initially imparted by the linear poly-
mer additives often is lost, in whole or in part, inasmuch
as certain of these additives tend to undergo degradation
in the presence of nitric acid.

This invention provides a simple and effective means
for obtaining medified aqueous nitric acid which is easier
and safer to handle than that known heretofore and
which has controlled free acidity and excellent stability.
These and other properties of the improved nitric acid
of this invention make the products of this invention
particularly suitable as propellants, etching compositions,
in chemical syntheses, as an acidifying agent in mineral-
ogical processes, and in other uses where aqueous nitric
acid is now employed. In addition, physical properties
such as cohesiveness, controlled flexibility and consistency
and the ability to maintain dispersion of solids therein
as well as their explosive properties make compositions
of this invention, particularly those containing conven-
tional fuels, sensitizers, etc., outstanding and low cost
explosives adaptable, for example, for formulation in
fixed plant facilities as well as mobile and other on-site
equipment.

The improvement of this invention comprises co-
polymerizing, in aqueous nitric acid of about from 5
to 89%, and preferably 30 to 98% strength, a mixture
of mono- and polyethylenically unsaturated monomers
soluble and stable in the system, said mixture comprising:

(a) About from 1 to 20%, and preferably 2 to 15%,
by weight based on the aqueous nitric acid (i.e., the total
weight of water and acid) of monomer selected from at
least one of the group consisting of (1) monomers hav-
ing the formula:

CHy=

M-~

where X is
0 0
Ii I I
—CN, —C—0OR, —C—N—R or —C—OM

M is alkali or alkaline earth metal or an ammonium
group and the R’s are the same or different and each
independently selected from the group consisting of hy-
drogen, lower alkyl, cycloalkyl, hydroxyalkyl, or cyano-
alkyl radicals of 1 to 8, and preferably 1 to 4, carbon
atoms, and (2) monovinyl pyridines and

(b) About from 1 to 30%, and preferably 2 to 10%,
by weight, based on (a), of monomer polymerizable
therewith having at least two terminal unsaturated
methylene (CHy=) groups.

Preferably, the pelyfunctional monomer (b) is selected
from the group consisting of (1) monemers having the
formula [Al,Y and (2) divinyl benzenes, wherein A is
selected from

o

i I
|
CHz=C—(~—, CHm=C—CHs— and CH=CIH -~

the R’s independently being selected from the group set
forth above with regard to monomer componeni (a)
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and the same or different from the particular R’s in (a);
nis 2 to 5, inclusive, and preferably 2 or 3; and Y is
a bridging radical, preferably free of benzenoid unsatura-
tion and of 3 to 20 atoms in addiiion to hydrogen, to
which a plurality of the unsaturated moieties in (b) are
bonded by oxygen or nitrogen atoms in Y; provided,
however, that when the polyfunctional monomer corm-
ponent (b) consists essentially of at least one divinyl
benzene, the moncfunctional monomer (a) consists
essentially of at least one monovinylpyridine. Preferably,
the aforesaid bridging radical Y corsists of carbon and
hydrogen atoms zlome or together with ether oxygen
linked to the indicated unsaturated moieties through
terminal

H
—0~—, —N--, or —N/

wherein —N< is a member of a heterocyclic ring, the
shortest chain in Y adjoining each of said moieties and
including said terminal atoms being about from 3 to
14 atoms long. The main requirement of ¥ is that it be
stable in the system and not insolubilize (b). Composi-
tions of this invention containing aqueous nitric acid of
high strength, particularly those over 80% strength, pref-
erably contain up to 0%, and preferably 5 to 30%
by weight, based on the agucous nitric acid, of dissolved
salt of acid having an ionization constant in water of at
least 108, The preferred explosive compositicns of this
invention also usuaily contain fuels, sensitizers and other
additives siable in the system including those convention-
ally used with Sprengel-type explosives. The aforemen-
tioned dissolved salts normally are dissolved in the
aqueous nitric acid prior to polymerization. Other addi-
tives, including the additives for explosives, can be in-
corporated in the nitric acid prior to polymerization, or
particularly in the case of additives of marginal stability
or those having an inhibiting effect on polymerization,
incorporated in the gel products after polymerization.
However, in any case, the polymerization occurs in situ,
that is, in the aqueous nitric acid component of the com-
position.

The expression “soluble in the nitric acid” and similar
terms, as used herein, refer to components having ap-
preciable solubility at ambient temperature (20-25° C.)
in the particular strength of nitric acid being employed,
ie., a solubility of at least about 10% by weight, and
preferably appreciably greater, e.g., 50 to 100%. Further-
more, the monoethylenically unsaturated monomer
should not preferentially form, in aqueous nitric acid,
homopolymers which are removed, e.g., by precipitation,
from the aqueous nitric acid mediom or agglomerate
into flocculates or “lumps.” Copolymerization forms a
crosslinked structure which is a gel rather than a solid
precipitate. This gelled structure swells in the aqueous
nitric acid, holding the aqueous mitric acid, and is of
substantially constant composition throughout. The
gelled crosslinked structure contains a fairly low ratio
of polymer solids to liquid phase, e.g., less than about
1:5, this ratio being roughly equal to the weight ratio of
the monomers to the liquid phase, in contrast to precipi-
tates or agglomerates in which there is a relatively high
ratio of polymer solids to liquid phase.

Reference to stability in nitric acid unless otherwise
indicated refers to the absence of significant degradation
of the monomers, or their copolymerization preducts, in
the particular strength of aqueous nitric acid involved.
Since prolonged stability often is of special significance
in the instant gelled compositions, stability in nitric acid
unless otherwise specified refers particularly to the
absence of appreciable degradation in copolymer-con-
taining samples when they are subjected to an accelerated
thermal stability test that involves heating of the material
in question in pitric acid of the specified strength at a
temperature of 50° C. (122° F.) for a period of at least
8 to 12 hours.
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Strength as used with reference to nitric acid eXpresses
in percent the relationship between the weight of 100%
(“dry”) nitric acid and the weight of nitric acid-plus-
water in a particular acid. The aqueous nitric acid used
in the compositions of this invention generally will have
a strength of about from 5 10 99%. Most effective utiliza-
tion of the gell compositions and their inherent properties
is usually achieved, however, when the strength of the
nitric acid employed is at least about 30%, particularly
about from 40 to 98%, and these laiter strength ranges
will ordinarily be preferred. As will be described more
fully hereinafter, certain specific strengths, or ranges of
strength, within these broadly specified ranges can be
especially suitable for particular applications of the gelled
nitric acid compositions, for example, in the formula-
tion of explosives and/or for use with particular copelym-
erization products.

Preferably, to effect gel formation at the lower con-
centrations of monomers and initiators and at ambient
(room) temperature, the concentration of impurities such
as metallic ions, e.g., of iron, chromium and nickel, which
can be attributed to metal containers used to store the
aqueous nitric acid, should not exceed about 5 p.p.m.,
since the presence of such impurities tends to inhibit
polymerization. This is particularly desirable for acids of
greater than about 75 to 80% strength.

Examples of monoethylenjcally unsaturated monomers
which can be used in this invention are vinyl pyridines
such as 4-vinylpyridine and 2-methyl-5-vinylpyridine and
acrylic monomers including nitriles such as acrylonitrile,
methacrylonitrile, and a-butylacrylonitrile; acids such as
acrylic acid, methacrylic acid, «-ethyl acrylic acid and «-
propyl acrylic acid; esters such as methyi acrylate, methyl
methacrylate, ethyl acrylate, n-butyl methacrylate and n-
hexyl acrylate; amides such as acrylamide, methacryl-
amide, a-ethyl acrylamide, N-methyl acrylamide and N,N-
dimethyl acrylamide; cycloalkyl substituted acrylics, e.g.,
cyclohexyl methacrylate; salts such as sodium or am-
monium acrylate or alkyl ammonium acrylates; hydroxy-
alkyl acrylates, e.g., 2-hydroxyethyl acrylate or 2-hydroxy-
propyl acrylate; cyanoaikyl acrylics such as a-cyanoethyl-
acrylonitrile; and mixtures of two or more of the afore-
mentioned monomers. Acrylic and methacrylic acid and
maierials hydrolyzable thereto are particularly preferred
because of the low cost and rapid polymerization in the
process of this invention; of these acrylics, acrylic acid,
acrylonitrile and acrylamide are of optimum efficiency.
Although as previously indicated lower concentrations of
monosthylenically unsaturated monomers can be used,
usually the concentration ranges from 2 to 20% and,
especially 3 to 15%.

Representative pelyunsaturated monomers that can be
used in this invention include one or more of:

N,N’-methylenebisacrylamide
H, C=CH—%—NH—C HszHAﬁ) —CH=CH,

N,N’-methylenebismethacrylamide
H20=(|J~—~(”3~NH—CH2—NH—-?—C=CHz
CH; O O CH;
trimethylencbisacrylamide
HzC:CH-(”3~NH— (C Hz)z—NH—'C~CH=CH2
0]
hexamethylenebisacrylamide
HC=CH— ﬁ)—NH——(CHg) s—NH—(ﬂ?—CH:CHz
o]

decamethylenebisacrylamide
H2C'=CH—?'7—NH—(CH2) 1o—NH—ﬁ)—CH=CH2

[¢) (o]
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N,N’,N’’-triacrylylhexahydro-s-triazine
O=(IJ—CH=CH3

/N\
Hz(ll‘ ('ZHz

H;C=CH~C—N N--C—CH=CH,
c”> \C/ i
Hy
ethylene glycol dimethacrylate
IIzC:C—O—O—CHz—CHz~O—O—C=CHz
H; O g (I)Hs

tetramethylene glycol dimethaerylate
HzC:('J—h}—O—(CH2)4—O—C—-—([3=CI~I2
CH; O CH;

trimethylolpropane trimethacrylate
(H2C=IO —C~0CH)5~C—CHy—CH;
CH; O

Other polyfunctional monomers include acrylic and
methacrylic acid esters, including mixed esters of polyols
such as glycerine, sorbitol, mannito], erythritol, penta-
erythritol, diethylene glycol and triethylene glycol; cyclo-
alkyl and hydroxyalkyl esters, e.g., ethylenebiscyclohexyl-
acrylate and ethylenebishydroxyethylacrylate, and cyano-
alkyl acrylics such as ethylenebiscyanoethylacrylate; poly-
allyl compounds such as diallyl ether, diallyl adipate, di-
allyl maleate, diallyl ether of pentaerythritol, diallyl
amine, and N,N’-diallyladipamide; compounds with mixed
groups such as allyl acrylate, allyl methacrylate, vinyl
acrylate and vinyl methacrylate; and divinylbenzenes,
particularly divinyl benzene per se. Of the aforementioned
polyfunctional monomers, those having a bridging radical
Y bearing terminal ether oxygen or amido

H
(—N—, or —N/
N

where —N< is part of a heterocyclic ring) nitrogen
joined by an aliphatic chain of 1 or more alkylidene
radicals

RI

e

Ilz'll
where R” and R” are selected from hydrogen, alkyl, cyclo-
alkyl, aryl, or aralkyl radicals are preferred because of
their optimum stability. Of these preferred polyfunctional
monomers acrylic monomers including  N,N’,N"’-tri-
acrylylthexahydro-s-triazine, trimethylolpropane trimeth-
acrylate, ethylene glycol dimethacrylate, N,N*-methylene-
bismethacrylamide and, especially, N,N’-methylenebis-
acrylamide are particularly preferred. Alkylidenebisacryl-
amides wherein Y comprises a bifunctional alkylidene
chain comprising 4 to 12, and usually 6 to 10, carbons
with terminal amido functions are preferred polyfunc-
tional monomers since gelled products produced there-
from have outstanding storage stability. Of these hexa-
methylenebisacrylamide and decamethylenebisacrylamide
are particularly preferred. Divinylbenzenes are suitable
for crosslinking the monovinyl pyridines.

Particularly when the geiled nitric acid of this inven-
tion is to be used as an explosive composition, the mono-
mers employed for in situ copolymerization need not be
highly purified. For example, acrylamides and methacryl-
amides obtained by the hydrolysis of the corresponding
niiriles in the presence of concentrated mineral acid, e.g.,
sulfuric acid, can be used directly without purification.
Also, if desired, at least a portion of the polyunsaturated
monomer, e.g., methylenebisacrylamide, can be formed
in the same crude hydrolysis mixture for example by add-
ing an aldehyde such as formaldehyde thereto in pro-
portion stoichiometrically necessary to yield the desired
quantity of polyunsaturated monomer.,
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The choice of particular monomer components, as well
as the concentrations of these components used to prepare
the gelled compositions of the invention, both are influ-
enced by the strength of the pitric acid and frequently
also by the intended end-use of the resulting gelled com-
position. Generally speaking, the concentration of mono-
mers increases with acid strength and desired gel con-
sistency, while the mono and polyfunctional components
are so selected that they have rcughly similar polymeriza-~
tion rates under the reaction conditions. The aqueous
nitric acid is converted from a liquid or water-like con-
sistency to a gel characterized by the presence of an aque-
ous acid phase and a solid phase substantially uniformly
distributed or dispersed therein, The gels are substantiaily
homogeneous down to substantially coiloidal dimensions
and additionally resist finite shear forces. Thus, the co-
polymerization products form a continuocus or semicon-
finuwous matrix in the gelled compositions of the inven-
tion, at least a portion of the continuity in this matrix
structure being provided by crosslinking of polymer chains
by the aforementioned polyethylenically unsaturated mon-
omer components which, owing to their polyfunctionality,
are capable of reacting at two or more sites in the moie-
cule. The proportions of liquid and solid phases have
been found to be widely variable, so that a broad spec-
trum of product consistencies is readily obtainable, e.g.,
soft jellies, moderately stiff or very stiff gelatin-like masses
that frequently are resilient, elastic, and even rigid shap-
able products. In addition, as will be shown more fully
hereinafter, the consistency and other physical and me-
chanical characteristics of the gel products of this in-
vention can be changed considerably through inclusion
of a variety of other dissolved and/or dispersed compo-
nents, in addition to the mitric acid and copolymer con-
stituents. For satisfactory gel formation, the concentra-
tion of the aforedescribed monoethylenically unsaturated
monomer or mopomers used in forming the copolym-
erization products generally will constitute at least 1%
and usually about 2% or more by weight of the aqueous
nitric acid, although in a few cases somewhat lower con-
centrations can be effective. Higher minimum concentra-
tions likewise can be desirable, depending particularly on
the strength of the nitric acid, the particular monomer
or monomers employed, and the presence or absence of
additional dissolved or suspended components in the
gelled compositions. On the other hand, the concentra-
fion of the monoethylenically unsaturated monomer(s)
will usually not exceed about 20% by weight of the aque-
ous acid, since even where solubility considerations per-
mit higher concentrations of these materials, the resulting
gelled compositions are not materially improved thereby.

Compared to the monoethylenically unsaturated mono-
mers, only relatively minor proportions of the above-
described polyethylenically unsaturated monomer com-
ponents have been found necessary to form gelled prod-
ucts possessing desirable consistencies and satisfactory
stabilities. About from 1 to 30% by weight of the poly-
unsaturated monomer, with reference to the monoeth-
ylenically unsaturated component or components, will
usually be used, although again the exact concentration
will be influenced not only by the factors previously
enumerated as affecting the amounts of monoethylenically
unsaturated monomers used but also by the particular
polyethylenically unsaturated monomer chosen. In gen-
eral, the polyunsaturated monomers containing the car-
boxamido groups

(=N-C-)

o)
tend to be more effective at the lower concentrations of

the specified range than do those containing the carboxylic
ester groups

(—0—C—)
(0]
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The particular polyfunctional monomer used depends to
some extent on the monofunctional monomer used. The
polyfunctional monomer should polymerize sufficiently
rapidly with respect to the monofunctional monomer so
that, e.g., homopolymerization of the monofunctional
monomer does not run substantially to completion before
copolymerization begins. Thus, for example, if a vinyl
pyridine is used, the polyfunctional monomer can be a
divinylbenzene, while the aforementioned monomers of
formula [Al,Y can be used with a much wider spectrum
of monofunctional monomers including both acrylics and
vinyl pyridines.

At high acid strengths, particularly above 80%, it also
can be desirable to have a dissolved salt present in the
aqueous nitric acid used to form the gelled compositions
of this invention. The addition of dissolved salt can also
be desirable at acid strengths less than about 80% with
the monofunctional nitrile monomers. To provide the
necessary solubility in the nitric acid, such additive will
ordinarily be chosen from salis of acids having a first
jonization constant, measured in water at approximately
20° C., of not less than about 1075, As with the remain-
ing components of the gelled compositions, the added salts
should be stable in the aqueous acid, i.e., not undergo
oxidation or reduciion readily. They further should not
have any deleterious effects on, ie., not materially in-
hibit, the formation of the copolymerization products.
The ammonium, alkali metal, and alkaline earth metal
salts of acetic, mitric, sulfuric, chloric, perchloric and
phosphoric acids, including both neutral and acidic salts
in the case of the polyfunctional acids, generally satisfy
these criteria and hence constitute a particularly suitable
group of salts. Among these, the ammonium and potas-
sium salts, e.g., NHNO; KNOj, MHOAc, KOAc,
(NH4)2504, NH4HSO4, K2804, NI‘IéCng, NI‘I4C104, and
K.HPO,, where “OAc” is acetate anion, have good solu-
bility and effectiveness over a wide range of nitric acid
strengths and usually are preferred.

The close interrelationship of the foregoing variables
can be seen more clearly in terms of particular monomer
combinations and specific strengths of nitric acid. For
example, when acrylonitrile is used as the sole mono-
ethylenically unsaturated monomer, it is particularly
effective for gelling nitric acid having strengths of about
from 50 to 80%. Preferred concentrations of the acryloni-
trile under these conditions generally are about from 5 to
20% by weight of the aqueous acid, especially when em-
ployed in combination with about from 7 to 25% by
weight, based on the acrylonitrile, of one of the previously
described polyunsaturated monomers. However, superior
gel formation, particularly in the upper portion of the
specified nitric acid strength range, ie., at strengths of
about from 65 to 80%, can be achieved when the nitric
acid contains one of the aforementioned dissolved salts,
preferably in a concentration of about from 5 to 50% by
weight., At the same time, the dissolved salt permits satis-
factory gel formation from lower concentrations of the
monomers, both mono- and polyunsaturated, than gen-
erally is possible in the absence of such salt.

On the other hand, when acrylamide is used as the sole
monoethylenically unsaturated monomer, the strength of
the nitric acid usually varies more widely, since this mono-
mer is capable of giving preferred gels in nitric acid hav-
ing strengths of about from 5 to 999 . This amide mono-

5 mer generally will be employed in concentrations of about

from 3 to 10% by weight of the aqueous nitric acid,
together with about from 3 to 15% by weight, based on
the acrylamide, of polyunsaturated monomer. Gel forma-
tion also is usually improved in these acrylamide-contain-
ing systems, especially at nitric acid strengths of about
80% or above, by the presence of dissolved salt in the
nitric acid. Dissolved salt concentrations of about from
2 to 50% by weight of the nitric acid are usually em-
ployed. Again, the salt additive has a favorable ability
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to lower the concentrations of monomers, both mono-
and polyacrylic, effective for gel formation.

Acrylic acid, methacrylic acid, and esters of these two
acids are all similar to acrylamide in terms of effective
concentrations of the mono- and polyunsaturated mono-
mers and also in terms of salt addition. Systems containing
these latter monomers find particular use in gelling nitric
acid having a strength of about from 50 to 99%.

Still further variations in component proportions and
properties of the gelled products are possible through use
of mixtures of at least two of the aforementioned mono-
ethylenically unsaturated monomers. Acrylonitrile can be
combined with acrylamide or acrylic acid, for example. In
such mixtures, most effective utilization of the monomers
and the gelled products and their properties generally is
achieved when the acrylonitrile constitutes a maximum
of about 80% by weight of the total monoethylenicailly
unsaturated monomer mixture. Under these conditiorns, the
nitric acid strength is about from 50 to 75%, the con-
centration of monoethylenically unsaturated monomer
about from 4 to 15% by weight of the agueous nitric acid,
and the concentration of the polvunsaturated monomer
component cn the order of about from 5 to 15% by
weight of the total moncethylenic monomers. Other com-
binations of monoethylenically unsaturated monomers
found particularly effective under similer conditions in
preparing the gelled nitric acid compositions of this in-
vention include mixtures of acrylonitrile and methacrylic
acid, mixtures of acrylamide and acrylic acid, mixtures of
acrylamide and methacrylic acid, and mixtures of acrylic
acid and methyl acrylate.

In addition to the aforementioned constituents, the
reaction mixtures used in preparing the compositions of
this invention also contain one or more promoters or
initiators which are soluble at least to the extent of 0.1%,
and preferably to substantially greater extent, in aguecus
nitric acid and not substantially consumed or inactivated
before polymerization, e.g., not consumed or inactivated
after about 30 minutes at polymerization conditions. Pro-
moters meeting the above criteria include sodium, potas-
sium and ammonium salts of inorganic per acids such as
persulfates, perborates and pervanadates; hydrcgen per-
oxide, particularly in combination with ferrous ion;
cobaltic ion (Cot3) alone or in combination with hydra-
zine or persulfate; and organic peroxide and azo catalysts
such as azobis(isobutylnitrile), «,«’-azob’s(a,y-dimethyi-
v-methoxyvaleronitrile, tertiary butyl hydrogen peroxide,
methylvinyl etherhydrogen percxide, and peracetic acid.
Incrganic redox couples, combinations of reducing and
oxidizing agents, are preferred. With some promoters such
as the aforementioned organic azo and peroxide catalysis
as well as with the cobaltic ion alone and the ferrous ion-
hydrogen peroxide couple, it is preferable to use weaker
acids particularly of less than 50% strength.

Redox systems that utilize a source of persulfate ion
(5,0¢7%) as one component have been found especially
suitable in these respects throughout the range of acid
strengths. The persulfate ions, which are introduced into
the niiric acid as a soluble persulfate salt, e.g., an am-
menium or alkali metal salt, can be used aione with the
nitric acid as a redox ccuple to promote the copolymeriza-
tion reaction.

An added reducing agent can alsc be used in forming
the polymerization catalyst or promoter system. Reducing
agents found to be especially suitable in having the re-
quired solubility, activity and stability in nitric acid in-
ciude certain nitrogen bases, especially hydrazine, hy-
droxylamine, and carbchydrazide. These reactants can be
introduced as the free bases, as hydrates, or as soluble
salts of inorganic or organic acids, preferably free of
halogen. Among the mentioned reducing agents, hydrazine
is especially effective and is preferred, particularly when
used in combination with persulfate and copper ions.
Optimum utilization of added reducing agent is generally
realized in aqueous nitric acid of strengths up to about
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85%, the reactants usually being less effective at higher
acid strengths. .

Generally higher rates of polymerization are achieved
when the polymerization system also includes a minor
amount of metal jon, usually transition meta] ion. Group
1B metal ions, especially silver and copper ions, are par-
ticularly effective for this purpose. These metal ions also
are introduced as soluble inorganic or organic salts, e.g.,
as the nitrates, sulfates, or acetates. (Halogen-containing
salts, especially those containing chlorine, should generally
be avoided inasmuch as they tend to retard or inhibit the
copolymerization reaction.) Other preferred persulfate
couples are HyO0r—[S;0172, Co+%—[S,0,1-2, and
Fet2—[8,0412

In general, the total amount of promoters varies some-
what with the particular promoter and monomers and
increases, at least at low concentrations, with the desired
speed of polymerization and concentration of monomer,
but usually falls within the range of about from 0.1 to 30%
based on the total weight of monomers to be polymerized.
The optimum concentration of the wreferred persulfate
ions, based on total monomers, both mono- and poly-
ethylenically unsaturated, can vary considerably, depend-
ing on the particular polymerization system, including the
presence or absence of additional promoter components,
but ordinarily will be abeut from 0.1 to 15 weight percent
of the combined monemers. Even higher concentrations
are without deleterious effect, but offer no advantages in
terms of polymerization rates or product quality. In gen-
eral, it is preferred to employ about from 0.5 to 10%
by weight of persulfate ions, based on the total monomers.

Silver ion, when used as a promoter, generally is effec-
tive in ratios of about from 0.1/1 to 5/1, with reference
to the weight of persuifate, and weight ratics of about
from 0.3/1 to 3/1 are wusually preferred. Copper ion
in combination with hydrazine on the other hand, is
most active as a polymerization promoter at much lower
ratios, viz, abeut 0.005/1 to 0.5/1, based on persuifate
ion, and preferably is employed in concentrations provid-
ing a copper-tc-persulfate ion weight ratio of about from
0.01/1 to 0.3/1. Relatively slow polymerizations are
achieved with silver ion as a promoter, compared to those
wher copper ion and hydrazine are used. Thus, consider-
able variation in rates of gelation can be obtained through
choice of a particular metal ion as well as its concentration.

The added reducing agent, when used, will generally be
present in a weight ratio, based on persulfate, of about
from 0.01/1 to 2/1, and preferably from about 0.01/1
to 0.5/1.

Preparation of the gelled nitric acid compositions of this
invention can be accomplished by simple mixing of the
nitric acid, optionally containing dissolved salt, with the
mono- and polyethylenically unsaturated monomers, fol-
lowed by addition of the polymerization-promoting com-
ponent or components. In a few cases, solution of the mon-
omers in the nitric acid can be facilitated by first dissclving
them in a small amount of water; such water is of course
taken into consideration in determining the desired final
acid strength. The mixing and polymerization steps ordi-
narily are conducted at ambient temperatures (20-25°
C.), but temperatures down to the freezing point of the
mixture can also be used without deleterious effects ex-
cept for a lower rate of reaction. Temperatures above
about 40 to 50° C., on the other hand, should ordinarily
be avoided during the polymerizations, in that they tend
to inhibit gelation even when the resulting gelled com-
positions, once formed, are capable of withstanding tem-
peratures at or above this level. When preparing gelled
compositions using low monomer concentrations, e.g., less
than about 3% total monomer, the reaction mixture is
preferably maintained at lower temperatures, e.g., at about
10-15° C.

The rate of polymerization and, in some instances, prod-
uet comsistency can also be affected by the presence of
nitrogen oxides and oxygen, either in dissolved form or as
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the gases, as well as by the presence of large amounts,
in the monomers, of compounds conventionally used to in-
hibit free-radical polymerizations of the same. Compen-
sation for these variations can be provided, when neces-
say, by increasing slightly the concentrations of the mono-

ers and/or of the polymerization promoters. An al-
ternative and generally more economical procedure, how-
ever, is to reduce the concentrations of these polymeriza-
tion-retarding components prior to the polymerizaticn.
In the case of the nitrogen oxides and oxygen, this can
be accomplished by sparging the nitric acid with an inert
gas, e.g., nitrogen or carbon dioxide, and then preferably
maintaining it under an inert gas atmosphere until the
polymerization reaction is complete.

The rate of gelling and the viscosity of the gelled com-
positions of this invention can be varied according to
the needs of a particular application. In general, the rate
of gelling and the viscosity of the gel can be increased by
increasing the strength of the acid, by increasing the
percentage of monoethylenically unsaturated monomer in
the system, by increasing the relative proportion of the
polyethylenically unsaturated monomer used for a given
quantity of the monosthylenically unsaturated monomer,
and/or by increasing, within limits, the quantity of pclym-
erization promoter, such as persuifate and/or hydrazine
employed in the system. The addition of a dissolved salt,
typically ammonium nitrate, to the system usually in-
creases the viscosity of the final gelied products, and, as
is discussed above, is usually preferred for use in geiling
nitric acid of greater than about 80% strength.

The compositions of this invention have greater homo-
geneity, resistance to disintegration or leaching by water,
and stability, ie., resistance to degradation and settling
out of components, than compositions which are merely
thickened. This greater homogeneity, stability and water-
resistance is particularly advantageous when the gelled
nitric acid ccmpositions, which can contain added fuels
and sensitizers, are to be used as explosives particularly
in wet locations, since disintegration and leaching of a
composition by water, if such occurs, can lead to failures
to detonate or to propagate a detonation throughout the
length of an explosive column. If the explosive structure
degrades, i.e., by virtue of disintegration of the gel struc-
ture, subsequent segregaticn of components, particularly
undissolved (solid) fuels and sensitizers, as discussed
hereinafter, can occur under the force of gravity, and the
components in a borehole, whether in a container or car-
tridge, shucked therefrem, or simply pumped into a bore-
hole will become so heterogeneous that complete failure
of detonation or propagation of detonation through the
entire length of the column of explosive charge will occur.

As indicated hereinbefore, the gelled nitric acid compo-
sitions can be employed for a variety of applications in
which liquid aqueous nitric acid is ordinarily employed,
e.g., as an oxidizing or nitrating agent in chemical synthe-
sis, as an acidifying agent in mineralogical and other proc-
esses, in preparing nitrate salts, and in like operations. The
gelled nitric acid compositions find particular merit in
such applications when delayed action is desirable or re-
quired, inasmuch as the gels tend to release the acid
slowly. However, the gelled nitric acid compositions of
this invention have been found to have particular utility
as explosives, and as described more fully hereinafter,
they are readily formulated to meet the specific require-
ments of such use.

As can readily be seen from Example 97, the gelled
nitric acid systems are markedly superior to any of the
thickened nitric acids proposed in the prior art, for ex-
ample, compositions thickened by polymethyl methac-
rylates of molecular weights within the range of 50,000~
500,000, or copolymers of methylvinylether and maleic
anhydride (e.g., mol wt.~1.25X106). The compositions
of this invention are characterized by viscosities within
the range of about from 100,000 to over 20 million cps.,
preferably 200,000 to 5 miliion cps., values about 10,000
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times greater than those compositions based on the thick-
ened nitric acid heretofore known. In addition to improve-
ment in consistency and solids dispersion as compared
with the prior art, it should be noted the compositions
of this invention can be formulated more rapidly than
prior art thickened compositions since, as shown by Ex-
ample 97, they do not require long dissolution times and,
in general, particularly with the preferred compositions,
attain substantially full viscosity in a manner of seconds
or minutes. That the monomers used in this invention
even polymerize in the highly acidic (pH< 1) nitric acid
environment is, per se, quite unexpected. Inherent safety,
though, e.g., freedom from spilling, splashing and leaking
together with reduced fuming, is another distinguishing
characteristic of the products of this invention.

Several of the gelled nitric acid compositions described
above are jnherently satisfactory as detonating explosives
with further additives, i.e., they can be detonated with
moderate-strength primers in diameters of 6 inches or less
inder moderate conditions of confinement, such as pro-
vided by a borehole or a container of moderate wall thick-
ness. However, preferably for explosive applications, the
compositions of this invention also contain one or more
fuels and/or nom-explosive sensitizers which are com-
patible with (stable in) the nitric acid of the strength used
in preparing the gels. Examples of nen-explosive fuels are
the mono- and dinitro aromatic hydrocarbons, such as
nitrobenzene, o-monouitrotoluene and dinitrotcluene;
liquid and solid hydrocarbons and hydrocarbon fractions,
particularly refined petroleum and mineral oils and the
aromatic hydrocarbons, such as benzene, toluene, and the
xylenes; carbohydrates, including various cellulose and
starch products, e.g., cornstarch, potato starch, wood and
paper pulps and sugar; siliceous fuels, including silicon
self and mixtures and alloys of silicon with heavy metals,
e.g., ferrosilicon; and sulfur. Light metal fuels such as alu-
minum also are poteniially useful in some of the gelled
compositions, provided that they are, or can be made,
sufficiently resistant to attack by the nitric acid. The gel
copolymer per se acts as a fuel and except as otherwise
indicated is included in calculating the amount of non-
explosive fuel and oxygen balance. Ordinarily, the gels for
use as explosive compositions will be formulated to have
an oxygen balance of about from —25 to +10%. Sur-
factants can be employed to insure complete dispersion
of some fuels, e.g., the petroleum and mineral oils, in the
explosive composition.

In addition to the non-explosive fuels and/or sensitizers
named above the explosive compositions of this invention
can, if desired, contain an additive of the art-recognized
self-explosive type, provided that such additive is stable in
the strengths of nitric acid used in preparing the gels.
TNT, for examples, exhibits a high degree of stability in
all strengths of aqueous nitric acid and hence is a particu-~
larly useful additive of the “self-explosive” type. Examples
of other “self-explosive” components which can be used
11.1 the gelled nitric acid based compaositions of this inven-
tion are RDX, nitrocellulose, smokeless power, and other
organic nitramines, nitrates and nitrocompounds. For rea-
sons of economy and compatibility, TNT is preferred for
use in the compositions of this invention. The TINT or its
mixtures (e.g., with ammonium or sodium nitrate) can be
introduced into the compositions in the form of crystals,
grains, pellets, flakes, or other particulate form which
allows ready dispersion thereof. In general, up to 85%,
and preferably up to 40%, by weight of self-explosive
additive based on weight of the composition is used.

In further addition to the fuels and/or sensitizers dis-
cussed above, the explosive compositions of this invention
can contain up to about 85%, and preferably 5 to 50%,
based on the total weight of composition, of an inorganic
oxidizing salt, particularly an inorganic nitrate salt such
as ammonium or sodium nitrate. The presence of such salt
assists in the in situ polymerization of some of the nitric
acid compositions, particularly of compositions based on
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nitric acid of greater than about 80% strength and, also,
contributes to the explosive energy of the formulation. At
least part of the salt, when used, will be dissolved in the
system; however, some of the salt can be undissolved pro-
viding that it is uniformly distributed throughout the
gelled nitric acid matrix.

Stable, gelled nitric acid compositions found especially
economical and efficient as detonating explosives com-
prise a uniform blend of:

(a) About from 25 to 95% by weight of aqueous
nitric acid having a strength of from about 40 to 99%,
and preferably 60 to 97%;

(b) About from 5 to 30% of a non-explosive fuel,
preferably selected from siliceous fuels, light metals, liquid
and solid hydrocarbons, carbohydrates, sulfur, mono- and
dinitro aromatic hydrocarbons, and mixtures of such fuels
and/or sensitizers;

(c) 0 to about 40%
ticularly TNT:

(d) 0 to about 50% of an inorganic oxidizing salt,
typically, an inorganic nitrate; and

(e) An in situ copolymerization product of

(1) About from 1 to 20% and preferably 2 to -10%,
based on the weight of aqueous nitric acid, of at least one
monoethylenically unsaturated monomer, as defined
above, which preferably is acrylamide, acrylonitrile, meth-
acrylonitrile, acrylic acid, methacrylic acid, methyl acry-
late, methacrylamide or a mixture of two or more of these
monoethylenically unsaturated monomers of this group,
and

(2) About from 1 to 20% and preferably 2 to 15%
by weight based on component (1) of a polyethylenically
unsaturated monomer, which preferably is N,N’-meth-
ylenebisacrylamide, N,N’ - hexamethylenebisacrylamide,
N,N’-dec‘amethylenebi‘sacrylamide, N, N’ N”-triacrylhexa-
hydro-s-triazine, trimethylolpropane trimethacrylate, or
ethylene glycol dimethacrylate.

In addition to the aforementioned oxygen balance of
~~25 to +10%, optimum explosive properties also have
been found to be achieved when these gels contain a maxi-
mum of about 40% by weight of water, on a total compo-
sition basis.

In general, the gelled nitric acid-based blasting com-
positions of this invention are prepared by blending of
the ingredients, e.g., in a rotary type mixer such as a
“Lightnin” AG-100 mixer, keeping in mind the same gen-
eral considerations for the control of the process as were
discussed above. As mentioned, it is generally preferred to
sparge the nitric acid with an inert gas such as nitrogen
or carbon dioxide, e.g., for about 15 minutes, before it is
incorporated with other components of the composition
and to maintain the components while being blended
under an inert atmosphere until polymerization is com-
plete. Particularly when making large volume mixes, e.g.,
greater than about 25 to 50 Ibs,, it is desirable to provide
a means to remove heat of polymerization or other sec-
ondary effects. In practice, sufficient cooling is usually
provided by placing the vessel in which the components
are being blended or mixed in 2 bath of cooling water,
typically at about 15 to 20° C., the volume of water sur-
rounding the vessel being approximately at least twice the
volume of the composition to be prepared in the vessel.
Alternatively, cooling can be provided by pumping
coolant around the vessel. Usually, the sparged nitric acid
is introduced into the cooled mixing vessel first and the
other ingredients added individually thereto while the con-
tents of the vessel are being agitated. Polymerization pro-
moters, including reductants such as hydrazine, hydroxyl-
amine, or carbohydrazide, are usually the last ingredients
added. Agitation is usnally continued until after the com-
position is gelled, particularly when the added fuels or
sensitizers -are solids such as for example, ferrosilicon,
sulfur, aluminum, silicon, or starch, which must be dis-
tributed uniformly throughout the gel matrix. Where fuels
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or other additives of marginal stability or additives which
inhibit polymerization are to be incorporated in the com-
positions, all ingredients except such additives can be
mixed and gelled as previously described, then such addi-
tives blended with the finished gel.

As indicated above, for explosive applications pre-
ferred ranges of nitric acid strength are from about 60%
(corresponding to a maximum water content of about
40% ) to 97%. In general, the unit or bulk strength of an
explosive composition based on gelled nitric acid increases
with increasing strength of the nitric acid gelled. Accord-
ingly gels of nitric acid of 85% strength or higher are
usnally employed where high bulk strength is a requisite,
e.g., in the bottom of a borehole. The bulk or unit strength
of an explosive composition, its relative ease of initiation,
and its minimum critical diameter can also be regulated
to a large degree by the type and quantity of fuel and/or
sensitizer employed. In general, a solid fuel such as ferro.
silicon, sulfur or siliceous fuels is used to increase the bulk
strength of a composition. Organic nitro compounds, typi-
cally mononitrotoluene, or dinitrotoluene or, in particular
a self-explosive composition, especially TNT, are incor-
porated to provide compositions which are easily initiated,
e.g., by a relatively small primer or by a blasting cap, in
some cases, in small diameters. In many cases, a combina-
tion of fuels will be employed within the range of prcpor-
tions indicated to give a composition having the desired
physical and explosive properties.

Preferred gelling systems for explosive compositions
comprise as the monoethylenically unsaturated monomer
acrylonitrile or acrylamide, either used alone or in admix-
ture with acrylic or methacrylic acid, The polyethyleni-
cally unsaturated monomer preferred is N, N’-methylene-
bisacrylamide, N,N'-hexamethylenebisacrylamide, M,N’-
decamethylenebisacrylamide, trimethylolpropane trimeth-
acrylate, or ethylene glycol dimethacrylate, In addition to
being readily available at reasonable cost, these composi-
tions are particularly effective in providing firm cohesive
gels having viscosities within the desired range of 100,000
to 5 million cps., high surface tension as evidenced by
lack of stickiness or tackiness, ready workability, flexi-
bility, water resistance, and other desirable physical char-
atteristics in the as-made state. Further, biasting agents
including these preferred gelling systems retain their ini-
tial physical and explosive properties during storage after
production. The preferred gelling systems also allow rela-
tively wide latitude in the consistency of the explosive
preduct made, to fit the needs of a particular type of
blasting.

The compositions of this invention can be packaged
in containers compatible with the gelled nitric acid, e.g.,
of polyethylene, polypropylene, or aluminum, and stored
until time of use without deterioration, “gassing” or sepa-
ration of components. Sometimes, at the time of use the
explosive compositions are stripped from their containers
and loaded directly into the borehole. Such a “shucking”
operation is possible with the non-tacky flexible gels of
this invention. Even when freed from the container these
compositions retain a high degree of resistance to disinte-
gration and leaching by water which may be present in
the borehole or which may enter the borehole after the
compositions are loaded, Alternatively, the compositions
can be prepared at the site of use and pumped or dumped
directly into the borehole, which can be lined with a
material such as polyethylene, which is both water-im-
pervious and compatible with the gelled nitric acid. When
such is the case, it is usually desirable that all compo-
nents of the composition be liquid for ease of mixing and
pumping the composition. Usually, the compositions to
be pumped will be less viscous than those to be shucked
from their containers and accordingly will comprise some-
what less of the copolymer.

The explosive initiation system used with the gelled
nitric acid-based explosive compositions of this inven-
tion naturally will be one which is compatible with nitric
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acid. To this end, the detonators, i.e., blasting caps, or 5 S
boosters used in the assembly (explosive train), will pref- 8 EE
erably have shells of a metal such as aluminum or stain- o B
less steel or of, or coated by, a plastic such as polyethyl- .‘g’ g 5155 g
ene, polytetrafluorocthylene, polyoxymethylene, or poly- 5 & =8 .'EEE 5 ggﬁ.
propylene. Detonating fuse or electric lead wires extend- g EEEPLE - gi“'g
ing to the cap and exposed to the geiled nitric acid com- a :Ei;?ﬂé E%E 953’.
positions will usually be provided with a protective coat- ‘g B3B3 5 ?DEE dadd £ 3525?3 El .;EE;E‘E
ing such as polyethylene, polytetrafiuoroethylene, poly- 2 EE%@ SUHEEEE ERLEEEE ‘ééi?ﬁo
oxymethylene (“Delrin™), or pelypropylene, which is re- & g% 53%222222 2Z:E§§§f‘;2§§
sistant to attack by nitric acid. The primer charge used 10 E ;g’gggsggggg ggégigggggﬁi
with the charge can be a pressed pellet, e.g.,, of TINT or e ?nig‘éwmé”“’;ﬁ e RS BN
RDX, or a geiled nitric acid based explosive composition £8% aESEE:E: EEEEE EEECEE
made suitably sensitive to actuation, e.g., by “Primacord,” . _ Balsiiaa RRREE ERERA>RERZES
by the incorporation of such ingredients as grained TNT 15 - EEREEEERERE R RN
or by the use of acid of higher strength. Such primer ; PREEE i REERE
charges of geiled nitric acid compositions typically will g SRR ERE R R R
be in a cartridge of a high-strength plastic such as poly- e A R R IREREREE
ethylene or polypropylene, which is also compatible with R AR R P
nitric acid. =3 iaad S lidd i iiiiidg b
In the following examples which illustrate this inven- 20 22 £8233 5% 133888 P 221 ES
tion, paris, percentages and ratios are by weight unless 8| g3 Sy T YR oot gty
L o p e s | 82 LYY HB BR VEEBBB L imD o3
otherwise indicated. In the following examples, the terms |~ 22800 05 100000 | D0 100
noted below mean the following: £l B P EEHHH A E NG
Firm-—Viscosity of about from 1 million to 3 million o5 = eSS iigd.‘ﬁdhcid.o;éddd.ciﬁicici
centipoise (cps.) measured with a TE spindle at 1.0 r.p.m. 3 expesfe et Eagi%ﬁéégéggééQST;é
on 2 Brookfield Synchro-lectric Viscometer, Model RVT, BZZAL ZAGRLAALIVOCALSREL
with helipath attachment. T E PO ®m® COXBINOOONONVOVDOSD
Medium firm—Viscosity of about from 400,000 to 1 g | wead NE S S S F S ed el
million cps. ucing the same conditions of measurement on  3g %Z%
the Viscometer. ReA
Very firm—Viscosity of about from 3 million to 10 i R R R A R AR
million cps. as measured with TF! spindle at 0.5 2 i o bbb
r.p.m.! on the Brookfield Synchro-lectric Viscometer. 23 P b AR RN
“Cheese-like gels”—Viscosity of about from 10 million 35 525 ; P R R B '
to 20 million cps. with some conditions of measurement e : &1 of - OSN&',’_&?L@ 5 0?1 i
as for “very firm” gels. - S : 8% 1 ISHRSSESRTS 1
“Wealk gels”—Viscosities generally less than about 400,- 2 %E ' Zs %525%Q§§é% P
000 cps. generally 200,000 to 400,000 cps. 2 Z RERR-RRR ok SRR
Examples 1 to 76 below illustrate compositions of this 40 £ T T
invention containing various strengths of nitric acid, salt- . b SRR RN :
containing and salt-free systems, use of various mono- & P P b i :
and polyunsaturated components and several promoter 5 ' H : ' : , R :
systems. 2 a RERERRREREREE
Examples 1 to 76 45 ’g? - : - 1 ' . : i | E
S i H I Vi
Gelled aqueocus nitric acid compositions of this inven- éé § : : s T
tion are prepared from the materials noted in Table I <3 ; ' : EEEERERRE
First the nitric acid is sparged with nitrogen to remove i P EERREE R RN
nitrogen oxides and oxygen. The mono- and polyunsatu- 50 5 Db O,;L%C,:t\f-%x\fr%édéc;o:dcfo:gd !
rated monomer, together with salt, where noied, are then al @ LEERS SHGEERSRARRRAS G HR
dissolved in the aqueous nitric acid. Next, the promoter g1 = 44444 dd39545952452335333
system indicated is added and mixing continued at a tem- R i bt e EEEEEE EREEEE)
perature of about 20 to 30° C., except where otherwise 5y mAsAs ERARRARRS AR A AR
indicated, e.g., for low monomer concentrations such as 55 s REE EEREEEEE RN
in Examples 61-63, mixing is continued at temperatures = R AR ER RS i
of about 15° C., until pclymerization is substantially com- 2 P AR RN
plete. In the case of compositions containing dissolved gS R RERE R R
salts and those of nitric acid of greater than 80% strength, gé R EEEEREEEEE P
the reaction temperature is held within about from 15 to 60 = P AR ES
20° C. In the promoter systems (S;05)2 is added as 25 R EEREREEREE RN if:
ammonium persulfate, Cu+2 as copper (II) sulfate penta- gg Sl R R R
hydrate, hydrazine as hydrazine monohydrate (0.5 molar g B33E8 WS il e
concentration) and Agt as silver nitrate. All polymeriza- 2 FRERE 5533292229323322
tions are carried out under a nitrogen blanket. Gelation 65 P 5OVBO oééééééééééééégg
time refers to the interval between the additicn of the last e s SR AL AN I
component of the promoter system to the nitric acid and E o
the first appearance of gelled copolymerizaion product Zﬁ,ﬁ PRRER SRRERIEBEEESBEIRRR
in the reaction mass. Except where otherwise noted, none w g3
of the gel products shows visible indication of deteriora- 70 Za™
tion at ambient temperatures (ca. 20-25° C.) over times T T T T o T T T T
of 1 to 7 days, the maximum periods of observation. 28 EREE RS R
- £E Propdopiriaiiiioba i aiiid
! Change in spindle and r.p.m. necessary to obtain accurate 52 : l ! E ‘ E i i E '. E : . : . : . x : : . :
readings. 75 Aelmvn GrKaBRaBNEEERERRAR
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(10% by weight of acrylamide) in the presence of pro-
moter systems as indicated in Table IIL

19

Similar results are obtained when the compositions are
gelled by the in situ polymerization in nitric acid of so-

TABLE III
Acid
Exzample | Strength, Promoter Material, Percent Used Gel Product Description
Percent
L S 20 | (NTH4)25:08, 6% of monomers Te(NH.)2(804)2.6H0, | Firm gel in 2 sec.
10% of 830572,
-1 F— 40 |ooo- do..... - J . Firm gel formed instantane-
ously.
50 foaoes QO e eecmmmm e ammmammmmom— s = Medium firm gel in 11 sec.

30 | H:03, 2% of monomers Fe(NH)2(S04)3.6H20, 30% of | Medium firm gel formed
instantaneously.

Firm gel in 3.5 min.

203.
40 a,a’—azobis(a,'y-dimethyl-'y-methoxyvaleronitrile), 3%
of monomers.

<> . 40 | Peracetic acid, 1.2% of monomers Fo(NH)2(804)2. | Weak gel in 8 min.
6H.0, 50% of peracetic acid.

42 T 40 | tert-Butythydrogen peroxide, 3% _of monomers Firm gel essentially instan-
Fe(NH)2(S04)3:.6H20, 20% of peroxide. taneously.

LT S 50 | Cobaltic sulfate (hydrous) 5-10% of monomers (Co*3, | Firm gel in 15 min.
0.8-1.6% of monomers).

|5 T 70 | Cobaltic suliate (hydrous) 2.5-5% of monomers (Co*3, | Firm gel in 1 min.
0.4-0.8% of monomers) (NoHs.H3z0, 4% of cobaltic
sulfate) (NoHi/Co3, .005-.01).

96, ommenm 70 | Cobaltic sulfate (hydrous) 6.2% of monomers Co*3, Tirm gel in 80 sec.

1.5% of monomers (NH4)28:0s, 70% of cobaltic
sulfate.

dium, potassium and ammonium acrylates, cyclohexyl
methacrylate, «-cyanoethyl acrylonitrile, or 2-hydroxy
ethylacrylate, each with N,N’—methylenebisacrylamide in
the general amounts and by the procedure shown above.
In a like manner, similar results are also obtained when
the promoter for the in-situ polymerization comprises
perborate and pervanadate ions.

Examples 77-86

Gelled nitric acid compositions are prepared by the
method described above for Examples 1-76, each com-
position being gelled to a weak gel by the in situ polym-
erization in 70% nitric acid, of acrylamide with the cross-
linking monomer indicated in Table 11, using a promoter
system comprising [S:0s172, hydrazine, and Cu*2. Sam-
ples of the gels formed are stored at room temperature
(nominally 25° C.) and at 45° C. For accelerated test
purposes gels are deliberately formed using low concen-
trations of monomer so that the decomposition charac-
teristics of the gel can be determined more rapidly. The
characteristics of each gel after storage are summarized
in Table IL Although the gels decompose in time, as
formed they are useful for the purposes described here-
inbefore. As seen from the attached table, gel life is
markedly prolonged when bisacrylamides having a long
alkylidene chain, preferably of 6 to 10 carbons, between
the functional groups is used. Gel life can be extended
also by using more of the polymerizable monomers, al-
though at equivalent concentrations the aforementioned
improvement still pertains.
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The following example compares in situ polymerized
compositions of this invention with aqueous nitric acid
compositions thickened with prepolymerized vinyl
polymers.

Example 97

In 240 parts of nitrogen-sparged 70% nitric acid are
dissolved 7.5 parts of acrylamide (3% based on the
aqgueous nitric acid) and 0.5 part of N,N’-methylenebis-
acrylamide. Next, promoter consisting of 0.1 part of
(NH,) 95503. 0.1 part of CuS0,-5H,0 and 0.006 part of
N,H,-H,O are added and mixing and polymerization
continued under a nitrogen blanket at about 20 o 25° C.
A firm gel is obtained in about 165 sec. After 30 minutes
and 24 hours, respectively, the viscosity of the gel is
500,000 cps. and 400,000 cps. as measured on a Brook-
field Synchro-lectric Viscometer, Model RVT, with a heli-
path attachment using a TE spindle at 5.0 r.p.m. (at 1.0
r.p.s. the viscosities are 1,400,000 and 1,100,000 cps.,
respectively).

As a comparison, attempts are made to prepare three
thickened 70% aqueous mitric acid compositions by
stirring 250 parts of the aqueous acid with 7.5 parts each
of a copolymer of methyl vinyl ether and maleic anhy-
dride, having a molecular weight of about 1,250,000
(“Gantrez” AN 169), a homopolymer of methyl meth-
acrylate having a molecular weight of about 400,000
(“Lucite” ©2008). The methyl vinyl ether-maleic an-
acrylate having a molecular weight of about 50,000
(“Lucite” 2008®). The methyl vinyl ether-maleic an-

TABLE II
Acryl-
Example amide, Polyunsaturated Monomer, percent Storage Characteristics of Gel
Number ;geﬁc&rg of Acrylamide Temperature After Storage
© 3

3 | Methylenebisacrylamide, 4.6- .- _.oaoav Liquid in 13 days.

2 | Methylenebisacrylamide, 7. Liquid in 3 days.

2 | Methylenebisacrylamide, 7.- Liquid in 18 hr.

3 | Trimethylenebisacrylamide, Liquid in 14 days.

2 | Trimethylenebisacrylamide, 8..- Weak gel in 3 days.

3 | Hexamethylenebisacrylamide, 6.6----- Liguid in 20 days.

9 | Hexamethylenebisacrylamide, 10.___.. _{ Medium firm gel in 3 days.
2 | Hexamethylenebisacrylamide, 10....-. Liquid in 4.5 days.

2 | Decamethylenebisacrylamide, 12.5_._. Tirm gel in 3 days.

3 | Decamethylenebisacrylamide, 6. .- Liquid in 4 days.

Examples 87-96

Gelled nitric acid compositions are prepared by the
method described above for Examples 1-75, each com-
position being gelled by the in situ polymerization in
nitric acid of the strength indicated in Table III of acryl-
amide (7% based on weight of ag. HNO;) and MBAA

76

hydride copolymer dissolved in about 45 minutes to yield
a thin syrupy liquid having a viscosity of about 120 cps.
measured as described above but using a TA spindle at
5.0 r.p.m. The 400,000 mol. wt. polymethyl methacrylate
does not dissolve even after two hours stirring. The
50,000 mol. wt. polymethyl methacrylate dissolved in
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about 30 minutes to vield a product with no apparent
thickening having a viscosity of less than 100 cps. meas-
ured with a TA spindle at 5.0 r.p.m.
The following examples exemplify gelled nitric acid
compositions particularly designed for use as explosives.

Examples 98 to 103

Six explosive compositions are prepared by in situ
polymerization of the formulation summarized in Table
IV, each composition being based on the gelation of 70%
strength aqueous HNO; by the copolymerization product
of acrylamide (AA) and N,N’-methylenebisacrylamide
(MBAA) effected in the presence of the redox system in-
troduced in the form of (NH,),S,05 and AgNQ;. Various
fuels and sensitizers as shown in Table IV are incorporated
in the formulations. These compositions are prepared by
the mixing and polymerization procedures outlined above.
The compositions are prepared by first thoroughly
dispersing all ingredients except the promoters in the
aqueous nitric acid, then adding the promoters (8,042
and Ag*) and finally continuing mixing at a temperature
of about 20 to 25° C. for about 10 to 20 minutes, during
which time the polymerization runs substantially to com-
pletion. The nitric acid is sparged with nitrogen to remove
dissolved oxygen and nitrogen oxides and the combining
of ingredients conducted under a blanket of nitrogen to
exclude atmospheric oxygen. A nitrogen blanket is main-
tained over the mix by bleeding nitrogen into a polyethyl-
ene bag inverted over the mix pot, the mixer shaft going
through the bag.

The percentages and ratios reported in the tables below
are on a weight basis; the parts of each ingredient com-
ponents are reported on the basis of parts by weight of
the total composition. Values for the monoethylenically
unsaturated monomer, i.e., acrylamide, are given both in
terms of weight of the monomer, in terms of the total
weight of composition, and in terms of percent by weight
of the monomer based on the aqueous nitric acid in the

22
Examples 104 and 105

Explosive compositions are prepared and tested as de-
scribed for Examples 98 to 103; however these cOmposi-
tions are gelled in situ by the copolymerization of ac-
rylonitrile (ACRN) and N,N’-methylenebisacrylamide in
the presence of AgNQ; and (NH,):S;05. The formula-
tions and their physical and explosive characteristics are
summarized in Table V.

10 TABLE V

Bxample. ..o 104 105
ACRN (acrylonitrile) ... 9.7 7.0
15 MBAA: .7 1.1 0.8
70% HNOs_ ... ... 79.8 76.6
NOS. 0.3 0.3
(NH)9890g. oo T 0.5 0.4
tareh ... 14.9
Nitrobenzene_ . _________ 8.6 | ..
ACRN, percent of HNO; 12,2 9.1
20 MBAA, percent of ACR 11 11
Velocity (m.fsec.) . ..._.__ 6, 640 3,390
Diameter (in.)___________ 1.8 3
Density (g.fec.) . oo ___ 1.3 1.8
Oxygen Balance, percent.__. —~3.5 —0.2

Physical Appearance.. ... 7" (2 @

25 1N, N’-methylenebisacrylamide.

2 Cheese like gel.
3 Firm gel.

Example 106

30 A firm, gelled explosive composition is prepared hav-

ing the formulation shown in tabular form below by the
general procedure shown in Examples 98 to 103. As can
be noted, the monounsaturated monomer of the gelation
system is the combination of acrylamide and methyl acry-

35 late and the polyunsaturated monomer is again N,N’-

methylenebisacrylamide (MBAA).
TABLE VI

system. Similarly, values for the polyethylenically un- = Monounsaturated Monomer ... ___________ 3.9
saturated monomer N,N’-methylenebisacrylamide are ex- 40 Methyl acrylate —. . 2.8
pressed both in terms of parts by weight of the total com- Acrylamide O 1.1
position and in terms of percent by weight of the poly- MBAA . - 03
unsaturated monomer based on the weight of the mono- 70% HNOg oo 29.0
ethylenically unsaturated monomer. AgNO; _____ —— - 03
The gelled formulations are loaded into 2- and 3-inch 45 (NH¢)2S,04 ——— - 0.6
diameter by 15-inch long glass containers. The density Mineral oil (“Bayol” F) oo 6.0
of each charge and detonation velocities are determined NHNO, 50.0
by conventional means. In each case, detonation of the NaNOs 10.0
charge is effected by a 100-gram RDX pellet booster which Monounsaturated monomers, percent of HNO; __ 134
Is actuated by a conventional Du Pont E-94 blasting cap. 50 MBAA, percent of monounsaturated monomer __ 7.7
The formulations and results of the tests are summarized Velocity (m./sec.) oo 2670
in Table IV. All of the formulations are firm or medium Oxygf:n balance, percent ___________ — +0.1
firm, non-tacky gels. Density e 14
TABLE IV
Example. | 98 99 100 101 102 103
F°‘%’*7}f§i§’.“ ﬁNoa ..... 73.2 73.2| 89.2| 79.0| 47.8
Acrylamide.. __ 5.6 5.6 4.5 4.7 4.5
MBAA.___. 0.4 0.4 0.3 0.3 0.3
AgNOs.__ ] 0.4 0.4 0.4 0.4 0.4
(NH)39:05. .. 0.1 0.1 0.1 0.1 0.1
26° DNT! - 0.3 PR T8 SN (R
Mineral Oii 2 6.5 6.9
EAN O AU M 24| 100 [..___._
NHNI; 1.2 | 30.0
NaNOg..ooo 770 - 10.0
Sltarc_h _________ o e - -
A% %nslf?'.f)fr_c?f.?..??l ______ 77 79| 69| 94 5.3
M iy Doreent of aoryl- n1) e7| 4l erl 1
3 - —0. . .0 | ~2, .
xcf)eﬁgiet';,B na‘zl;?snecce_’_f)f e - 6,140-6,860 | 3,680 | 3,790 | 4,700 | 5,640
Diameter, in....... - 2 2 3 3 3
Density. -, JTITTTTTTTT 1.4 15 1.3 1.3 1.4

1 DNT—dinitrotoluene (26° transition point). .
- 2¢¢ Bayol”-F-oil, commercially available from Esso Refining Co.
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Examples 107 to 109

Gelled explosive compositions are prepared by the gen-
eral procedure shown in Examples 98 to 103 except that
in Example 107 the components are mixed and imme-
diately charged to the borehole before gelation has pro-
ceeded to any substantial extent. The in situ copolymeriza-
tion of acrylamide and N,N’-methylenebisacrylamide is
effected in the presence (NHy)28:0s, NoH, - H:0, added
as a solution of ca. 0.5 molar concentration, and
CuSO,-5H,0. Three different types of formulations are
prepared:

TABLE VII

DR %008 ¢) G TR ISP R P 107 108 109

Acrylamide 6.7 5.1 5.6
MBAA_ ___... 0.3 0.3 0.2
CuS04.5H20 . 0.2 0.1 0.1
(NH 28208 e e e sen 0.3 0.2 0.3
68.3% HNOg oo .- 75.8 51.3 77.4
26° dinitrotoluene...- - 16.7 13.0 5.0
FerrosiliCOm o oo omeecccecammmme e[ cme e 30.0 {<ecuan-
Mineral 01l (“Bayol” 52) - .o 6.4
Stareh_ ..o iaoan J DN P, 5.0
NeHLHO e 0.01 0.01 0.03
AA, percent of HNOs.... - 8.8 9.9 7.2
MBAA, percent of AA_. 4.5 5.9 3.6
Remarks . cecececcccccmcaeeeeaea Q) O] ®)

1 Formulation gelled in situ in borehole.
2 Solids suspended in gel.
3 Qils suspended in gel.

The formulations are loaded into 2V2-inch-diameter
holes, 12 feet deep, in a limestone formation. The bottom
of the borehole contains a primer unit comprising a
plastic shell housing a ¥2-pound liguid explosive booster
composition comprising 28% DNT (26°) and 72%
HNO,; (70% strength) which is actuated by a 12-pound
charge of pressed TNT initiated by a No. 6 blasting cap
having an aluminum shell. After setting the priming
charge unit into the borehole, a 4-mil thick liner of poly-
ethylene is lowered into the borehole to contain the main
explosive charge. The handling and loading of each
charge of the types is described below.

Example 107—The ungelled mix is poured into the
borehole liner and allowed to set to a “loose” gel. When
actuated by the primer, the charge detonates completely
and effectively.

Example 108—This gelled composition, which contains
a high loading of an insensitive solid fuel (ferrosilicon),
is hard and “cheese-like.” The charge detonates at 5100
m./sec., with noticeably more violence than the first
formulation.

Example 109—This gelled composition is completely
homogeneous and has handling properties such that a
large charge (17.4 pounds) can be loaded into the bore-
bole in a few (3) minutes. The charge detonates com-
pletely at about 4980 m./sec.

Examples 110-113

Gelled explosive compositions of the formulations
tabulated below are prepared and tested basically as de-
scribed for Examples 98 to 103, the mixing vessels being
submerged in (ice) water at 17-20° C. In these composi-
tions, the gelling system is the copolymerization product
of acrylamide and N,N’-methylenebisacrylamide prepared
in situ in the presence of a (NH4)z S:0g, N,H,-H,0
added as a solution of about 0.5 molar concentration, and
CuS0,-5H,0. As can be seen, the water content of the
composition varies from about 40%, which usually is the
maximum allowable to assure reliable propagation of
detonation by the composition in 6-inch diameter, to 1%
as represented in the formulation comprising HNO; of
97% strength. All compositions set up to form cohesive
gels within about 3 to 10 minutes.
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TABLE VIII

FXAMPIE o mom e 110 111 112 113
97% TINO3 56.7 F4.8 |occeoofumnaaan

770 FINOS-caecoccmmmemmmccmmmmmmm oo mem e 65.3 63.0
AN o W PR E PRSP 13.4 16.5
Acrylamide. oo 6.7 6.3 6.2 6.0
MBAA. - oecem e 0.7 0.7 02 0.2
CuS0.5H0 ooeo 0.03} 0.03 0.2 0.2
(NTL4)28208 1.0 1.0 0.4 0.4
B PYE 102 Yo TP PRSP EEL S 0.03 0.03
Oil.._.__. 8.0 6.6 |oeencefrmmmnne
[ o < TR TP UN P 4.6} 14.3 13.7
NHyNOg ... 26.9 | 26.0 |cocoooifeaoooas
Acid Strength.____.. ... . 97 97 56, 2 53.7
Total Water in compn._..._.. - 1 1 34.5 36.8
Acrylamide, percent of INQO; 11.8) 1.5} 1L0O 1.1
MBAA, percent of acrylamide_. o108 11 3.2 3.3
Detonation Velocity, mM./S8C e cearauonn- 4,310 | 4,530 | 4,880 | 4,706

1 In addition to that in ag. HNOs.
Example 114

A firm, gelled explosive composition of this invention
indicated below is prepared by the procedure described
for BExamples 72 to 77. The composition is maintained at
about 24° C. during formulation by immersing the mix-
ing vessel in ice water. After formulation the composition
is maintained at about 21° C. The in situ polymerization
of the acrylamide and N,N’-methylenebisacrylamide is ef-
fected in the presence of (NH4)2S:0g and CuS0,-5H,0.
When actuated in a 6-inch diameter column by a 50 g.
RDX pellet, the composition detonates completely with
considerable brisance, digging a hole in the earth beneath
the charge.

97% HNO; oo 50.
Acrylamide oo 3.
MBAA e 0.5
NHNO3 oo 26.05
Sulfur . e 20.
(NH) 58508 —omemmmmmmmmmm e o e 0.4
CuS04 5HsO oo 0.05
100.00

Example 115

A mixture of crude acrylamide sulfate and crude meth-
ylenebisacrylamide sulfate is formed in the same reaction
mixture as follows. Sulfuric acid (471 parts) is charged to
a three-necked flask and water (86.5 parts) added drop-
wise, the temperature rising to 100° C. during the addi-
tion. Copper (0.2 part) is added as polymerization in-
hibitor. The contents of the flask are cooled to 18° C. and
12.0 parts of a 37% formaldehyde solution (4.4 parts)
added. Acrylonitrile then is added dropwise until 246
parts is present. During this addition the temperature of
the reaction mixture rises to 45° C. After the addition of
acrylonitrile is completed, heat is applied until the tem-
perature of the reaction mixture is 120° C. and main-
tained at this temperature for 10 minutes.

Eighteen (18) parts of the crude reaction product,
which comprises 7.02 parts acrylamide and 0.05 part
methylenebisacrylamide, is then used to gel 180 parts of
ntirogen sparged 75% nitric acid, The promoter consists
of 0.15 part CUSO4'5H20, 0.40 part (NH4)2S208, and
0.016 part of NoH,-H;0 and gelation is effected at 20°
C. A firm gel is obtained in 4 minutes.

The crude product is also used to form explosive com-

positions comprising, by weight,

75% nitric acid co oo e 82.2
COrnstarch — oo e e 2.4
Hydrocarbon distillate (“Deo-Base” (0115 J—— 8.2
Acrylamide oo~ - — 3.0
Methylenebisacrylamide —wocemmmommmm e 0.1
HySOp oo e 3.7
CuSO4 SHpO oo e e 0.07
(NH.) 29508 —ocm e m e 0.18
N2H4‘H20 .............. 0.01
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The composition forms a firm gel in 1034 minutes at
20° C. When detonated in 5- and 6-inch-diameter at 32°
¥, in 5-inch-diameter the detonation velocity is 4620
m./sec. and in 6-inch diameter, 5290 m./sec.

Examples 116 and 117

Explosive compositions of the formulations shown be-
low are prepared by the procedures described for Exam-
ples 98 to 103. The formnlation of Example 116 is pre-
pared from pure acrylamide; Example 117 is identical to
that of Example 116 except that the crude product ob-
tained by hydrolysis of acrylonitrile in the presence of
H,S04 at 100> C. is used instead of the pure acrylamide,
in amounts equivalent to the acrylamide used in Example
116. The compositions are tested as described above. No
appreciable difference in gel time or explosive character-
istics is observed in the two formulations,

115 116
Acrylamide. . 3.8 |
MBAA 0.08 0,09
Crude Hydrolysis Product. : 17.8
75% HNOQ; 83.2 79.2
Hydrocarbon distillate (“Deo-Base” [031) NN 10.7 10,2
Starch 2.5 2,4
CuS04.5H10._ 0.04 0.1
(NH;)38205_... 0.20 0.2
85% NaH: H0_ 0.01 0.01
Gel Time (min.) _ 9-11 9-12
Detonation Velocity at 82° F. (M./56€.) e 5,770 | 2 5,640-5,900

1 Equivalent to 8.3% acrylamide.
2 From & tests.

I claim:

1. A process for making gelled nitric acid which com-
prises copolymerizing, in aqueous nitric acid of about
from 5 to 99% strength, a mixture of mono- and poly-
ethylenically unsaturated monomers, soluble and stable
in the system, said mixture comprising:

(a) about from 1 to 20% by weight, based on the
aqueous nitric acid, of monomer selected from at
least one of the group consisting of (1) monomers
having the formula:

R

CHz=é

and (2) monovinyl pyridines
and
(b) about from 1 to 30% by weight, based on (a), of
monomer polymerizable therewith having at least
two terminal unsaturated methylene groups,
wherein X is selected from the group consisting of

—CN, COOR, —COIlI—R and —y}—o—M
M is alkali or alkaline-earth metal or an ammonium
group: and the R’s are independently selected from the
group consisting of hydrogen, lower alkyl, cycloalkyl,
hydroxyalkyl, and cyanoalkyl of 1 to 8 carbons.

2. A process of claim 1 wherein (b) is at least one of
the group consisting of (1) polyethylically unsaturated
monomers of the formula [A],Y and (2) divinyl ben-
zenes, wherein the A’s are independently selected from
the group consisting of

o]
® CH;:(]J—'é—, @i CHz—(I3—CHz—- and (ili) CHy=CH—
at least one A being (i) or (li);nis2to 5 inclusive; and
Y is a bridging radical to which a plurality of said un-
saturated mojeties in (b) are bonded by oxygen or nitro-
gen in Y; provided that when (b) consists essentially of
(b) (2), the monofunctional monomer (a) consists es-

sentially of (a)(2).
3. A process of claim 2 wherein the monofunctional
monomer component of (a) is selected from (a)(1) and
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26 o
polyfunctional monomer component (b) is selected from
monomers of the formula

R O

(CHz=('3—g~)nY

4. A process of claim 3 wherein said nitric acid is of
least 30% strength.

5. A process of claim 4 wherein the polymerization
mixture additionally contains up to about 60% by weight,
based on the aqueous nitric acid, of salt having a first
ionization constant in water of at least 10—S,

6. A process of claim 4 wherein the R’s bonded to the
a-carbon in the unsaturated moieties in the said mono-
mers (a) and (b) are selected from the group consisting
of hydrogen and methyl.

7. A process of claim 6 wherein said monomer compo-
nent (a) is a mixture of acrylonitrile and acrylic acid.

8. A process of claim 6 wherein (a) is acrylamide and
(b) is

0] o]
CHy=CH— (@ ~—N—(CHz)m—N— ,é—-‘CH=CHz

wherein m is 1 to 12, inclusive.

9. A process of claim 6 wherein the polymerization
mixture contains a redox promoter couple,

19. A process of claim 9 wherein said promoter com-
prises persulfate.

11. A process of claim 10 wherein the polymerization
mixture additionally contains at least one of the group
consisting of hydrazine, hydroxylamine and carbohy-
drazide as auxiliary promoter.

12. A process of claim 10 wherein said polymerization
mixture additionally contains group 1(B) metal ions.

13. A process of claim 4 for making water-bearing ex-
plosives which comprises adding to the reaction mixture
prior to said in situ polymerization about from 5 to 30%,
based on the total weight of the composition, of non-
explosive fuel, including monomer components (a)
and (b).

14. A process of claim 13
is promoted with persulfate.

15. A process of claim 14 wherein said polymerization
is additionally promoted with at least one of the group
consisting of hydrazine, Cu+2 and Agtl,

16. Stable gelled nitric acid comprising a mixture of
about 5 to 99% strength aqueous nitric acid and in situ-
polymerized copolymer of

(a) about from 1 to 20% by weight based on the aque-

ous nitric acid of monomer selected from at least
one of the group consisting of (1) monomers having
the formula:

wherein said polymerization

R
CH2=(.'1
%

and (2) monovinylpyridines
and
(b) about from 1 to 30% by weight, based on (a),
of monomer polymerizable therewith having at least
two terminal unsaturated methylene groups,
wherein X is selected from the group consisting of

R
[
—CN, COOR, —CON—R, and -(%—O—M

M is alkali or alkaline-earth metal or an ammonium group
and the R’s are independently selected from the group
consisting of hydrogen, lower alkyl, cycloalkyl, hydroxy-
alkyl and cyanoalkyl of 1 to § carbons.

17. A product of claim 16 wherein (b) is at least one
of the group consisting of (1) polyethylenically unsaturat-
ed monomers of the formula [ALY and (2) divinyl ben-
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zenes, wherein the A’s are independently selected from the
group consisting of

R

@ CHz-—(lJ—-(”L @) CHz:(ll—-CHz— and (i) CH=CH—

at least one A being (i) or (ii); nis 2 to 5, inclusive; and
Y is a bridging radical to which a plurality of said un-
saturated moieties in (b) are bonded by oxygen or nitro-
gen in Y; provided that when (b) consists essentially of
(b)(2), the monofunctional monomer (a) consists essen-
tially of (a)(2).

18. A product of claim 17 wherein the monofunctional
component (a) is selected from (a)(1) and the poly-
functional monomer component (b) is selected from
monomers of the formula

(CHz=(l}—|Cl}—) oY
19. A gelled nitric acid based composition of claim 18
which comprises up to 85% of TNT and up to 95% of
aqueous nitric acid having a strength of about 40 to 99%.
20. A gelled nitric acid-based composition of claim 18,
said composition being an explosive and comprising a
uniform blend of:

(a) about from 25 to 95% by weight of aqueous mnitric
acid having a strength of about from 40 to 99%;

(b) about from 5 to 30% by weight of non-explosive
fuel selected from the group consisting of siliceous
compounds, light metals, hydrocarbons, sulfur, mono-
and dinitro aromatic hydrocarbons, and

(c) in situ copolymerization product of (1) about from
1 to 20% based on the weight of (a) of at least one

of the group consisting of acrylamide, methacryl-

10

15

20

30

28

amide, acrylonitrile, methacrylonitrile, acrylic acid,
methacrylic acid, methyl acrylate and methy! meth-
acrylate and (2) about from 1 to 20%, based on the
weight of (1), of at least one of the group consisting
of N,N’ - methylenebisacrylamide, N,N’ - hexameth-
ylenebisacrylamide, N,N’ - decamethylenebisacryl-
amide, N,N’,N"" - triacrylylhexahydro - s - triazine,
trimethylol propane trimethacrylate and ethylene
glycol dimethacrylate.
21. An explosive of claim 20
40% by weight of TNT.
32. An explosive of claim 20 containing up to about
50% by weight of inorganic oxidizing salt.
23. An explosive of claim 29 having an oxygen balance
of about from —25 to +10.
24. An explosive of claim 20 wherein the in site polym-
erization product is a copolymer of acrylonitrile.
25. An explosive of claim 28 wherein said copolym-
erization product is a copolymer of acrylamide and mono-
mer of the formula

containing up to about

o

CHz=CH—(ILJ—N—(CHz)m—-N—g—CH=CH:
wherein m is 1 to 12, inclusive.
26. An explosive of claim 25 wherein m is 6 to 10,
inclusive.
27. An explosive of claim 25 wherein said copolym-
erization product is a copolymer of acrylamide and N,N’-
methylenebisacrylamide.

No references cited.
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