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Thisinvention relates generallyto explosives and more 
particularly to a novel and improved waterproof am 
monium nitrate cartridge. 
Ammonium nitrate is hygroscopic andreadily dissolves 

inwater. Duringmanufacture,storage and shipment,am 
monium nitrate has a tendency to absorb moisture and, 
consequently,becomes less sensitive to detonation because 
of its increased moisture content. Moreover,when am 
monium nitrate explosives are used in wet bore holes, 
theyrapidly absorb waterandinsome cases becomeliquid 
with an attendant reduction in sensitivity. 
Ordinarily,ammonium nitrate explosives arepacked in 

cardboard containers. Many attempts have been made to 
Waterproof the paper cartridge by coating it with wax 
or by providing it with a liner of rubber or a synthetic 
resinous material. It has also been proposed to pack the 
explosive in plastic bags,such as bags formed from a 
film of regenerated cellulose. Such containers are ex 
pensive,add bulk to the cartridge,and are easily broken 
during handling thus destroying the waterproof charac 
teristic of the cartridge. Moreover,the ammonium nitrate 
is packed in Such containers in loose granularform and 
it is sometimes very dificult to propagate the explosive 
throughout the length of the cartridge. 

It is,therefore,an object of this invention to provide 
an improved ammonium nitrate cartridge. Another ob 
ject of the invention is to provide a novel waterproof 
ammonium nitrate cartridge having an improved sen 
sitivityto detonation Stillanotherobjectoftheinvention 
is to provide an ammonium nitrate cartridge adapted to 
be assembled into a rigid column of a series of cartridges 
in end to end abutting relationship. A further object of 
the invention isto provide a process for makingawater 
proofammonium nitrate cartridge havingimprovedrigid 
ity and improved explosive characteristics. 
Other objects will become apparentfrom the following 

deScription when taken in connection with the accom 
panying drawingin which: 

Figure 1 is a longitudinal Sectionalview of an embodi 
ment of the cartridge provided by this invention;and 

Figure 2 is an enlarged view of a portion of the car 
tridge ofFigure1. 
The foregoing objects are accomplishedin accordance 

with this invention,generaly speaking,by providing a 
cohesive block of ammonium nitrate explosive having a 
density of at least about 1.1 grams per cubic centimeter 
and preferably from about1.1 grams to about 1.5grams 
per cubic centimeter. In orderto provide a cartridge hav 
ing optimum water resistance,the cartridge is enclosed 
in an adherent,pliant,snuglyfittingprotective coating of 
a waterproofing film. The ammonium nitrate granules 
used for forming the cohesive block must have particles 
of a Suitable binder clinging to the surface in order to 
provide a block ofexplosive thatwillnotcrumble or break 
up in ordinary handling. The granules must,also,have 
from about 3 to about 7 percent sensitizer clingingto the 
Surface thereofin order to produce an ammonium nitrate 
explosive having a Sensitivity Such that an explosion will 
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2 
be propagatedthroughoutthe lengthofthe cohesive block? 
In practicing the invention,from about 80 percent to 
about 96percent by Weight ammonium nitrate having a 
granulation such thatit passes through a 12 mesh stand 
ard Tyler Screen is mixed with from about 3 to about 7 
percent of a Sensitizer and from about 1 to about 3 per 
cent binder until the particles of the sensitizer and binder 
are distributed substantially uniformlythroughout theam 
monium nitrate mass and clingto the surface of thegran 
ules. Sodium nitrate,potassium nitrate or other suit 
able material may be mixed with the ammonium nitrate 
When it is desired to produce an ammonium nitrate ex 
plosive having a strength equivalent to that of the Iower 
Strength dynamite such as,for example,a dynamite hav 
inga Strength of60percent ofthatofpure nitroglycerine, 
as determined in the Ballistic Mortartest,These mate 
rials are used Where the ammonium nitrate is within the 
range of from about 80 percent to about 96 percent of 
the total cohesive block and wil be used in amounts of 
not more than about 16percent. The granulation of the 
ammonium nitrate and other materials should not be sub 
Stantiallygreater than 12 mesh andis preferably20 mesh 
or leSS,The mixing is achieved by stirring the three 
materials together while at an elevated temperature and, 
if trinitrotoluene is used as the sensitizer,the tempera 
ture is somewhat above the melting point of the tri 
nitrotoluene. Mixing at a temperature within the range 
of about 80° C. to about 95° C. has been found par 
ticularly advantageous,The best results are obtained in 
preSSing the resulting explosive by subjectingit to a pres 
Sure of about 200 pounds per square inch or more while 
the mixtureis at atemperature of about 80°C.to about 
95° C. It was found that a block compressed to this 
density and not coated with a resinous material,unlike 
previously available ammonium nitrate cartridges,could 
be placed under water for as long at 35 minutes before 
Suficient water was absorbed to soften the block. By 
coating the block with the adherent film of waterproof 
ing material the waterproofing characteristic of the block 
is even further enhanced and,furthermore,the resulting 
block is more resistant to the absorption of moisture 
Vapor from the air. 
The cohesive block of ammonium nitrate explosive 

having a density of from about 1.1 to about1.5 grams 
per cubic centimeter is also substantially resistant to 
moisture vapor absorption without any protective coat 
ing,In order for the protective coating to materialy 
improve the moisture vapor and waterproofing char 
acteristics of the block,it must form a pliable adherent 
film on the Surface of the block without appreciable mi 
gration of the coating into the cohesive block. A coat 
ing in the neighborhood of from about 0.008 to 0.015 
inch in thickness has been found particularly wellsuited 
for the purpose. The protective coatingis preferably a 
film of resinous material but it may also be a film of 
Wax Such as parafin,a lacquer,varnish,drying oil such 
as,for example,China-wood oil,oiticica oil,linseed oil, 
or other Suitable waterproofing material that will forma 
continuous film over the surface of the block,The coat 
ing may be applied by any Suitable means such as by 
dipping the cohesive block into a solution of the water 
proofing material or by Sprayingor by brushingthe block 
therewith. The resinous film may be obtained by coat 
ing the cohesive block of ammonium nitrate explosive 
With a Solution of from about 10 to about 15 percent 
nitrocelulose,from about 10 to about 15 percent poly 
Vinyl acetate-polyvinyl chloride copolymer and about3 
to about 6 percent plasticizer for the nitrocellulose dis 
Solved in from 70 to 80 percent volatile solvent,The 
plasticizer may be diethyl phthalate,dibutyl phthalate, 
tricresyl phosphate or any other suitable plasticizer for 
nitrocelulose,The Wolatie solvent must be of such a 
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composition that the coatingwill dryveryslowly without 
fracturing,but at the same time it must be suficiently 
volatile that the coating will dry without material pene 
tration of the cohesive block,The coatingfills the inter 
stices between thegranules onthe surface ofthe block but 
must not migrate to any Substantial extentinto the block. 
A mixture of about 2parts ethylacetate and 1 part ben 
zene has been found particularly well suited forthe pur 
pose but other volatile Solvents having a vapor pressure 
substantially equivalent to that of such a mixture may be 
utilized. Other Solvents for nitrocellulose which are Suit 
able for the purpose include methylethyl ketone,acetone 
and the like combined with Suitable diluents Such as ben 
zene,toluene,mineral spirits and the like to adjust the 
vapor pressure of the liquid phase of the lacquer within 
the range required to bring about the proper dryingtime. 
Other resins,such as,for example,a polyamide,ethyl 
cellulose,cellulose acetate,or the like,properly plas 
ticized and dissolved in Solvents which will evaporate 
from the film after the coating is applied to the surface 
of the block without appreciable penetration of the block, 
may be utilized. 
As indicated hereinbefore the ammonium nitrate ex 

plosive composition must contain a binder in order to 
produce a cohesive block that will not crumble,that is 
Substantially waterproofitSelf and is suitable for further 
waterproofing by coatingit withan adherent resinous film 
orotherwaterproofingmaterial. Examples ofsuch binders 
include starch,dextrin,synthetic hydrophilic gums methyl 
celulose and the like. Such binders whenin contactwith 
water begin to swell and fill any interstices between the 
ammonium nitrategranules on the surface ofthe cohesive 
block and tend to prevent furtherabsorption of moisture. 

In order better to describe and further clarify the in 
vention,the following is a detailed description of one 
embodiment with reference to theaccompanying drawing. 
A cohesive block 1 of about 92 parts granular am 

monium nitrate,about7parts trinitrotoluene and about 1 
part Starch compressed to a density of about 1.2 grams 
per cubic centimeteris illustrated in Figure 1. Block1 
is coated with a film 2 of about 48 parts nitrocellulose, 
about 48 parts polyvinyl acetatechloride copolymer and 
about4parts diethylphthalate,Awell 3 is centrally lo 
cated in the top of block 1 and has a coating of the 
resinous film. The resinous film is about 0.010 inch 
thick. 

In preparing a cartridge of the type illustrated in the 
drawing about 92 parts granular ammonium nitrate is 
mixed with about7parts trinitrotoluene andabout1 part 
Starch in any Suitable vessel equipped with an agitator. 
A Baker-Perkins mixer having rotating agitator blades 
has been found particularly well suited for the purpose 
but mixing may be achievedin any other suitable appara 
tus such as a ball mill,tumbling barreland the like,The 
mass is mixed at a temperature above the melting point 
of trinitrotoluene. The three materials are agitated to 
gether until the particles of trinitrotoluene and binderare 
Substantially uniformly dispersed throughout the mixture 
and clingto the Surface ofthe ammonium nitrategranules. 
The massis then compressed while stillwarm and prefer 
ably while in the range of about 80° to 95° C. under 
a preSSure of about200 pounds per squareinch orat any 
other pressure suitable for compressing the mass to a 
density of from about 1.1 to about1.3grams per cubic 
centimeter. The mass is compressed in a suitable die, 
and means may be provided for forming a wellin one 
end of the block such aswel3,ilustratedin the drawing, 
adapted to house a plastic cap. 
The cohesive block is coated with suficient solution 

of about 12 parts nitrocellulose,about 12 parts poly 
vinylacetate-polyvinyl chloride and4parts diethy1phtha 
!ate dissolvedinabout50partsethylacetateand22parts 
benzene to produce a film of about 0.010 inch thickness 
after the Solvent has been removed. The cartridgeisthen 
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4 
and until a pliable,tough,dry film is produced on the 
cartridge,The resulting cartridge is completely enclosed 
in an adherent waterproof film which does not migrate 
into the cohesive block but tightly encloses the Same. As 
illustrated,in Figure 2,the film fills any interstices on 
the surface of the block forming a series of rather short 
protuberances which tend to anchor the coating to the 
block. 
Whenitis desired to use aplurality of the cartridges in 

Seriesinendto endabuttingrelationship,a booster charge 
may be placed between the cartridges to insure propaga 
tion throughout the column,although this is not ordi 
narily required because the length of explosive of col 
umn per unit weight of explosive is much less than a 
column of similarweight loosely packed cartridges. Any 
suitable booster charge,such as one composed of tetryl, 
trinitrotoluene or the like,may be utized. Cartridges 
in which a booster charge is embedded in the well 3 
are also contemplated,Sensitizers for the ammonium 
nitrate suchas,for example,powdered aluminum,asphalt, 
kerosene,powdered magnesium,dinitrotoluene,pentalry 
thitoltetranitrate,tetryl,cyclonite,and the like,may be 
utilized in Some embodiments,if desired,instead of tri 
nitrotoluene orin mixtures therewith. 

Because of the density of the cohesive block and be 
cause of the presence of the binder on the ammonium 
nitrate granules,the block is Substantially resistant to 
moisture even without the protective coating So the car 
tridge retains substantial moistureproofness even if the 
coatingis accidentally fractured during handling. Since 
the film is relatively pliable and fits snugly about the 
block,however,fracture of the film due to abrasion is 
unlikely and will occur very infrequently with normal 
handling. Since the coatingis adherent and tightly en 
closes the cohesive block forming a more or less unitary 
structure,the cartridges may be assembled into a rigid 
column of a Series of explosive cartridges which is par 
ticularly advantageous for charging deep,wet bore holes. 
The cohesive block of ammonium nitrate explosive oc 

cupies less space per unit of weight than the heretofore 
1oosely packed cartridges which is advantageous because 
the cartridges occupy less Space in the bore hole,Con 
Sequently,fewer holes are required when larger quantities 
of explosive are used per shot and because of the shorter 
column of explosive,less primingis required. It is also 
possible to concentrate a larger quantity of explosive in 
the bottom of the hole where it will be most efective, 
The cohesive block ofammonium nitrate explosive may 

be provided with a cavitated end in order to furtherim 
prove the propagation of the explosion from one block 
to the other when a columnis formed from a series of 
the blockS. The cavitated blocks permit takingadvantage 
of the well-known "Munroe efect° or,in other words, 
permit direction of the explosive efectin the form of an 
explosivejet from one block to the other. The shape of 
the concave surface may varyfrom conicalto hemispheri 
cal or hemispheroidal shape or any other shape suitable 
for producing an explosivejet for detonating an adjacent 
block of explosive. By providing the cavitated dense co 
hesive block less Primacord or other initiating explosive 
will be required to insure propagation of the explosive 
throughout a column of the ammonium nitrate blocks. 

Although an embodiment ofthe invention has been de 
Scribed in considerable detail for the purpose ofillustra 
tion,itis to be understood that such detail is solely for 
the purpoSe of ilustration and that many modifications 
may be made by those skilledin the art without departing 
from the Spirit and Scope of the invention except asitis 
limited by the appended claims. 

I claim: 
1·A Self-contained explosive cartridge havingtwo sub 

Stantially paralel ends and comprising a cohesive con 
Solidated explosive charge consistingessentialy offrom 
about 90 percent to about 96percent by weight granular 
ammonium nitrate havingfrom about 3percent to about 




