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The present invention relates to a new and 
improved blasting explosive, and more particul 
larly to a slow-acting explosive of improved water 
resistance. 
In the blasting of shatterable materials such 

as shale, soft lime stone, and the like, the ex 
plosive to be employed should possess two prop 
erties which have hitherto been regarded as 
mutually exclusive. In the first place, the ex 
plosive to be used should have a relatively low 
rate of pressure development in order to mini 
mize the shattering effect of the explosion on 
the material blasted down. In the second place, 
the explosive should have a high water-resist 
ance, since water is frequently encountered in 
the bore holes in this type of blasting Operation. 

Heretofore no slow-acting explosive of high 
water-resistance has been available. Indeed, it 
appeared to be impossible to obtain this combi 
nation of properties in the same dynamite. On 
the one hand, gelatin dynamites were available 
which possessed satisfactory Water-resistance, 
but explosives of this character Were much too 
rapid as regards rate of pressure development. 
On the other hand, explosives containing rela 
tively coarse ammonium nitrate Were available 
which produced the desired heaving rather than 
shattering effect, but the Water-resistance of this 
type of dynamite was very unsatisfactory. 

Several attempts were made to improve the 
water-resistance of the latter type of explosive 
containing coarse ammonium nitrate. Thus, for 
example, colloided nitroglycerin Was employed in 
the composition with a view to protecting the 
individual particles of the coarse ammonium 
nitrate with a Water-impervious covering. The 
results, however, were totally unsatisfactory. The 
porous nature of the coarse ammonium nitrate 
required for the low rate of pressure develop 
ment appeared to render it impossible to obtain 
the desired degree of Water-resistance in a slow 
acting explosive. 
The object of the present invention is a new 

and improved water-resistant explosive composi 
tion. A further object is a water-resistant ex 
plosive having a relatively low rate of pressure 
development. A still further object is a water 
resistant ammonium nitrate dynamite suitable 
for the blasting of shatterable materials. Other 

objects will appear as the invention is herein 
after more fully disclosed. 
We have found that these objects may be ac 

complished by taking advantage of some hitherto 
unexpected properties resulting from the blend 
ing of the solid ingredients of an ammonium ni 
trate dynamite. 
We have found that a dynamite having a high 

degree of water-resistance may be obtained by 
incorporating a colloided liquid nitric ester with 
a composition comprising, in part, a relatively 
large proportion of coarse ammonium nitrate, 
the other solid ingredients of said composition 
being in a finely divided state. This composition 
comprises a blend of relatively fine and relatively 
coarse particles, the finer particles being dis 
tributed in the interstices formed by the coarser 
particles and filling a substantial proportion of 
the voids therebetween. Incorporated with this 
explosive is a small percentage of a water-inSolu 
ble soap. The resulting explosive has a Water 
resistance which is very markedly superior to 
any slow-acting explosive heretofore known in 
the art. 
In the co-pending applications of Kirst and 

Woodbury, Serial No. 759,765 filed December 29, 
1934 and Serial No. 759,766 filed December 29, 
1934 the process of blending coarse and fine 
ammonium nitrate in several explosive composi 
tions comprising the resultant blends is described. 
These inventions are concerned primarily With 
the effect of blending on the density of the result 
ing explosive. The present invention, on the 
other hand, is concerned with the remarkable in 
provement in the water-resistance achieved by 
the use of a blend of the coarse and fine Solid 
ingredients thereof, when incorporated with a, 
water-insoluble soap and colloided liquid nitric 
ester. 
In accordance with our invention, the explo 

sive comprises three essential ingredients, name 
ly: (1) a dope comprising a relatively large pro 
portion of blended ammonium nitrate as herein 
after more fully described; (2) a water-insoluble 
soap; and (3) a small percentage of a colloided 
liquid nitric ester. 
The ammonium nitrate may consist entirely 

of relatively coarse particles if desired, or of a 
prepared blend of the coarse and fine grades. 
To produce the slow heaving action, however, a 
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2 
substantial amount of the ammonium nitrate 
should be coarse in order to insure a low rate of 

In any event the coarse 
ammonium nitrate should be blanded with the re 
maining solid ingredients of the dope, and to ob 
tain the best results at least 30% of the total 
solid ingredients should be present in a rela 
tively fine state of division. The composition 
is blended until the fine particles fill Substan 
tially all the voids between the coarse ammonium 
nitrate particles. This may be accomplished, if 
desired, during incorporation by adding the coarse 
and fine particles of which the balance dope is 
to be made, together with the Water-insoluble 
soap to the colloided liquid nitric ester, and in 
corporating the ingredients in the usual Inanner. 
As illustrative of the preferred ranges Within 

which the various ingredients of Our explosive 
may be used, reference is made to Table I. 

Tobie 

Per cent 
Tiquid nitric ester---------------- 5 to 25 
Nitrocellulose -------------------. 0.1 to 0.5 
Ammonium nitrate--------------- 35 to 85 
Sodium nitrate------------------- O to 40 
Water-insoluble soap.------------- 0.01 to 2 
Carbonaceous combustible -------- O to 15 

In the foregoing table the carbonaceous mate 
rials may consist of oat hulls, corn meal, bran, 
expanded cereal products, ground coal, Wood pulp, 
cottonseed hulls, rice hulls, ivory nut meal, starch, 
flour, and the like, or any mixtures thereof. 
Antacids such as calcium carbonate, magnesium 
carbonate, magnesium oxide, and the like; nitro 
bodies such as dinitrotoluene, trinitrotoluene, 
nitronaphthalene, and the like; and other in 
gredients may be added to the composition if de 
sired. A substantial proportion of the annonium 
nitrate specified in the foregoing table should 
consist of relatively coarse particles. Preferably 
a substantial proportion of the ammonium ni 
trate should consist of particles which paSS, for 
example, through a 10-mesh screen but are held 
on a 35-mesh screen. . It is also desirable that 
at least 30% of the remaining solid ingredients 
should pass a 100-mesh screen. The coarse am 
monium nitrate, together With the other ingredi 
ents of the dope, including the finer ingredients 
and the water-insoluble soap, is added to the 
colloided nitric ester, and incorporated in the 
Sual Islanner. 
In order to illustrate the details of our inven 

tion more clearly, reference is made to Table II, 
containing a number of typical dynamite Compo 
sitions in accordance with our invention. This 
is done solely by way of illustration and is, there 
fore, not to be regarded as a limitation on the 
scope of our invention which has many important 
embodiments other than those hereinafter more 
fully disclosed. 

Table if 

A. B C D 

Percent Percent Percent Percent 
Nitroglycerin-------------------- 8.0 2.0 2.0 18.0 
Nitrocotton------. 0.2 0, 2 0.2 0.2 
Ammonium nitrate 84,0 38, 4 800 68.0 
Calcium stearate--- 0, 0, 4 0. 0.1 
Sodium nitrate------------------ 0, 0 85.9 -------- 5.0 
Absorbents, antacids, nitrobod 

ies, etc.------------------------ 7.7 13, 1 7.7 8.7 

00, 100, O O.O 0.0 

2,24,202 
In the above table the ammonium nitrate em 

ployed comprises in all cases a relatively large 
proportion of the coarse variety, for example, 
material which passes through a 10-mesh screen, 
but is held on a 35-mesh screen. In Example A, 
half of the ammonium nitrate employed COm 
prises the relatively coarse variety, the remainder 
being sufficiently fine to pass a 65-mesh screen. 
In Example B, all the ammonium nitrate is of 
the coarse variety, the voids between the particles 
being filled substantially completely by the so 
dium nitrate which is sufficiently fine to paSS a. 
65-mesh screen. In Example C, two-thirds of 
the ammonium nitrate consists of the coarse 
variety. In Example D, three-fourths of the 
ammonium nitrate consists of the coarse variety. 
In Examples B, C, and D the remainder of the 
ammonium nitrate, as well as the other Solid 
ingredients of the composition, is in a state of 
fine division in order substantially completely to 
fill the voids between the coarse particles of the 
annonium nitrate. 
In all the above examples the coarse and fine 

ingredients together with the Water-insoluble 
soap and the other ingredients of the dope, are 
added to and incorporated With the nitroglycer 
in-nitrocotton colloid. The resulting explosive 
in each case has a relatively high density, a low 
rate of pressure development, and a remarkably 
high water-resistance. 

In order to illustrate the influence Of the War 
ious factors in the explosive according to our 
invention, reference is made to Table III. 

Table III 

A. B C D 

Percent Percent Percent Percent 
Nitroglycerin----------- 2.0 12.0 2.0 2. 
Coarse annonium nitrate- 80.0 40.0 40... O 48. 
Fine ammonium nitrate-------------- 40.0 40.0 32. 
Calcium Stearate.---------- 0.1 --------- 0. 0. 
Nitrocotton---------------- 0.2 0.2 ---------- 0.2 
Carbonaceous absorbent--- 7.2 7.3 7,4 7.2 
Chalk--------------------- 0.5 0.5 0.5 0.5 

m - 

100.0 100.0 100.0 100.0 
Water-resistance-(hours)-- 4: . OK 64- OK-6 

(failed) (faiied) 

AS can be Seen from the foregoing table, Com 
position D according to our invention has a 
Water-resistance far greater than compositions 
A, B, or C in Which one of the essential elements 
of the present invention is omitted, in A, the 
fine salts are omitted; in B, the insoluble soap is 
left out; while in C, the nitrocotton is omitted. 
As a result, the water-resistance of all these pow 
ders is poor. However, When the three essential 
ingredients of our invention are present, as in D, 
the powder is Satisfactory even after 16 hours 
submersion in Water. 
The effect of the amount of nitroglycerin pres 

ent in the explosive is illustrated in Table IV. 
Table IV 

A. 

Percent Perce Perce 
Nitroglycerin.---------------------- 14. O 
Nitrocotton.-------------...- 0.2 
Coarse annonium nitrate--- i Fine ammonium nitrate-- Calcium stearate.--------- 

C 

2 

2 

3. 

4. 

4. 

5. 
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From this table it is apparent that the amount 

of nitroglycerin preset is a relatively unimpor 
tant factor in the Water-resistance of the ex 
plosive. 
The effect of the relative proportion of coarse 

and fine Solid ingredients is shown in able W. 
table y 

A. B C D E 

Percegas Perce Percent Percent Percent 
Nitroglycerit... 12.0 2. 2. 12.0 2.0 
Nitrocotton.---- 0.2 0.2 0.2 0.2 0.2 
Coarse annoni- w 
um nitrate---- 80.0 56.0 48.0 40.0 32.0 

Fine annoni 
tlm nitrate------------ 24.0 32.0 49.0 48.0 

(Carbonaceous ...' - 
combustible.-- 7.23 7.23 7.23 7.23 7.23 

Calcium stearate ... 07 ... 07 07 97 07 
Chalk----------- 0.5 0.5 0.5 0.5 0.5 

100.0 100.0 10G. 0 100.0 100.0 
Water-resistance 

OK-12 OK-6 (hours).------- P-4 OK-12 0K-16 

Froin this table it is apparent that Satisfactory 
results are obtained only if the Solid ingredients 
comprise greater than 30% 'fines.' 
By the term "water-resistance' as hereinbefore 

employed in the description of our invention, We 
refer to the property of the composition to resist 
the effect of Water in which the cartridge is in 
inersed. In each case the figure represents the 
time in hours during which the various dynamites 
were innersed and at the end of which time no 
failures to detonate were obtained in four at 
tempts, the detonation being brought about by 
a coachercia blasting cap. . . 

In the foregoing detailed description of our 
Evention, it is apparent that Inary variations 
may be made without departing from the spirit 
and scope thereof. Thuis, for example, ethylene 
glycol dini&rate or any of the common explosive 
oils or mixtures thereof may be enployed in place 
of nitroglycerin specified in the examples. Bike 
Wise, while calcium stearate is preferred, other 
water-insoluble soaps may be employed, for ex 
ample, the oleates, steairates, palmitates, ricin 
oleates, resinates and the like of calcium, mag 
nesium, iron, zinc, tin and other metals. Other 
Wariations Will be apparent to any one skilled in 
the art. We, therefore, intend to be limited only 
in accordance with the following patent claims: 
We claim: 
1. A Water-resistant, semi-gelatinous ann 

nonium nitrate dynamite containing at least 
one liquid explosive nitric ester colloided by 
raneans of nitrocellulose, a water-insoluble soap, 
and a composition comprising a relatively large 
proportion of coarse ammonium nitrate, said 
composition comprising a blend of relatively fine 
and relatively coarse particles, the finer particles 
being distributed in the interstices formed by the 
coarser particles, the total solid ingredients of 
said composition comprising greater than 30% 
fines. 

2. A water-resistant, semi-gelatinous am 
monium nitrate dynamite containing at least one 
liquid explosive nitric ester colloided by means 
of nitrocellulose, a water-insoluble soap, and a 
composition comprising a substantial proportion 

3 
of relatively coarse ammonium nitrate, the re 
maining solid ingredients of said composition be 
ing in a relatively fine state of division and fill 
ing a substantial proportion of the voids between 
said coarse particles of ammonium nitrate, the 
total solid ingredients of Said composition coin 
prising greater than 30% fines. 

3. The composition of claim 2, in which said ex 
plosive nitric ester comprises nitroglycerin col 
loided by means of nitrocellulose. 

4. A water-resistant, semi-gelatinous ana 
nonium nitrate dynamite characterized by rea 

tively high density and relatively low rate of pres 
sure development, containing at least one liquid 
explosive nitric ester colloided by means of nitro 
cellulose, a water-insoluble soap, and a coinpo 
sition comprising a substantial proportion of relate 
tively coarse annonium nitrate, the remaining 
solid ingredients of said composition being in 2, 
relatively fine state of division and distributed in 
the interstices formed by the coarser particles, the 
total solid ingredients of said composition con 
prising greater than 30% fines. 

5. The composition of claim 4, in which said 
liquid nitric ester comprises nitroglycerin co 
loided by means of nitrocellulose. 

6. A Water-resistant, semi-gelatinous ann 
monium nitrate dynamite characterized by rela 
tively high density and relatively low rate of 
pressure development, comprising 8 to 20% of at 
least one liquid explosive nitric ester colloided 
by means of nitrocellulose, not more than 2% 
of a water-insoluble soap, 40 to 85% relatively 
coarse annonium nitrate, and not more than 
40% relatively fine sodium nitrate, said ine 
sodium nitrate being blended with said coarse 
annonium nitrate aid filling a substantial pro 
portion of the voids between said coarse particles, 
the total solid ingredients of said composition 
comprising greater than 30% fines. 

... the composition of claim 6, in which said 
liquid explosive nitric ester comprises nitro 
glycerin and said Water-insoluble soap comprises 
calcium Stearate. 

8. A water-resistant, Semi-gelatinous aim 
monium nitrate dynamite characterized by rela 
tively high density and relatively low rate of 
pressure development, comprising approximately 
2% of at least one liquid explosive nitric ester, 
0.2% nitrocellulose, 80% ammonium nitrate, 
6.3% carbonaceous combustible, 0.1% calcium. 
stearate, and 9% antacid, said ammonium ni 
trate consisting of a blend of a Substantial pro 
portion of relatively coarse particles and a small 
proportion of relatively fine particles, the fine 
particles being distributed in the interstices 
formed by the coarser particles, the total solid 
ingredients of said composition comprising 
greater than 30% fines. 

9. The composition of claim 8, in which said 
liquid explosive nitric ester comprises nitro 
glycerin. 

10. The composition of claim 8, in which said 
liquid explosive nitric ester comprises a mix 
ture of nitroglycerin and ethylene-glycol-di 
nitrate. 

HAROO A. LEWIS. 
FREDR, WSON. 
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