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Th13 mventlon relates to e}cploswe composatlons and

" more partlculerly to detonatable mixtures of ammonium
~nitrate and calcium nitrate with a- hydrocarbon

-1t has been known for about a century that ammomum

_ _ 3 189 768
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- by weight of hydrocarbon per 100 parts by weight of
- ‘the nitrate mixture, but optimally about 5.5 parts, and
- for which I have found hquld hydrocarbon oﬂs such as
. diesel 0il to be best. | '

As remarked, it has been knovm for. maey yeare that '
ammonium niturate is detonetable when sensitized with

‘a carbonaceous material, but this is not true of calcium

- nitrate, and calcium mitrate has always been considered,

10

mtrate ‘may be detonated when - mrxed with: a~ small

‘In recent years, a
1 of a.mmomum nifrate known
lerc1e11y avauleble, and it has

as prills has become com:

~ been found that this form of ammonium nitrate is par-
- ticularly well—adapted to explosrve uses by the ‘simple.
admixture of a hydrocarbon such as diesel oil. Since

B the prills are not solid crystals but aggrega.tons of mi-
crocrystals, the hqmd hydrocarbon is able to be taken

~er explosive power than the
o ;trons of the type described and heretofore known,
- .- Another object of the invention is:to provrde a-novel

- _CO*IIIIJ‘D&JIOII which permits. lower cost by the ‘inclusion
- of calciiim mitrate, while at the same tlroe mcreasmn' mh |

- up by the ammonium nitrate prill and to pcnetr ate ' it,
~ furnishing a p:arucularly intimate -admixture of hydro-

carbon sensitizer and ammomum ‘nitrate. Mixtures of
this sort are detonated with various pnmer charges, the

ey be par‘tlcu-
Iarly in comparison to the earlier use of reletlvely ex-
pensive explosives such as dynamite which the ammonium

o . nitrate-oil mrxture hes dlspleced to a great extent never-

' pose 1s sub]eot to substenhal lmprovement |
An object of the present invention is ‘to prowde a

composrtlon based an ammonium mtrete which has great-

steed of decreasing the explosive effect.™

~_Another object of the invention is to- prowde an
- ammonium nitrate type of explosive of substantially great-
45

~ er density than ammonium - nitrate ~while at.the--same:

" time ech1evmg greater rather than lesser explos:we
. power. B | | | o
| - Other ob]ects of the m“ventlon wﬂl eppear as the de—- .

o SGrlp'tlD‘l thereof proceeds.

- Generally speaking and in accordance with an illustra-

thereon, with calcium nitrate prills' within ‘a range of

‘relative proportions by weight which I heve dlscovered |

ammonium, nitrate composi-

20

25
‘most common being’ dynamite, generally in an amount
~very small compared to the amolmt o=f ammomum |
nitrate which is detonated.: - -~ -
Setlsfactory as the known mtures

- mixtures.

: expected from the admrxture of calcium nitrate to am-
‘monium nitrate in the commonly used forms of the; lat-
ter ruey be se en from the followmg 1:&13111&1:1011

15.

and properly so, srmply as a sort of lower-performance '.
diluent for ammonium nitrate when used in detonatable

The usual effects, and indeed those to be

E T_able T |
_ Crater Diameters
‘Composition of Mix D T
B : Coated | Coated | Coated ~
AN Prills | Stengel | QGrained &
: Flake AN { AN
.1{}Dparts AN___-;___.._;____;;.___; rorr vy o
5.8 parts diesel ol ... " 13!5”- - 20" 60"
T0parts AN i e - - -
30 parts ON’_________T_______'_;;_______ i t e 467"
5.8 parts diesel oil ... Lo .| . 1 - .
 In the above teble results are given for three dn Ter-

30

‘anhydrous. -
35

ent types of ammonium nitrate, alone and mixed in a
- 70:30 ratio with prilled calclum nitrate.

As set forth
hereinbelow, this:product is uncoated and substantially
The abbreviations “AN,” “CN” are used
throughout .this specification for AmMMmonium: mtraﬂ:e and

calclum nitrate respectively.

- In the tests the results of Wh_lch are glven 111 Table I,

- 18 inch deep holes were bored in a uniform moist clay
~playa deposit in the Mojave Desert in Bast Central Cali-

40
- 'exoloswe tests of this nature.

fornia, this particular deposn being widely used for

“The. holes. were loaded
with 1500 grams of the exploswe mixture and half a

- stick of dynamite. The holes were thoroughly backfilled
- and tamped, and the dynamite detonated. The crater

P _if.- ‘give extraordinary, unexpected and surprising results,

L together with .a liquid. hydrocerbou oil.

More parficu- -

larly, 1 may use ‘ammoniwm nitrate prﬂlc of the type .

el 1% to about 60% by welght of the- total mixture of cal-

- cium mnitrate and ammonium nitrate.

of the two mitrates I add a sunitable quantity of a hydro-
carbon, Whlch most suutably 15 between 3 and 10 partS"_-' |

. - described -and calcium nitrate prills in a'mixture in which. .
© . 'the calcium. nitrate is present within the range of about

60

“To this mixture

‘cause of thé wuniform nature of the deposrt

-_.calcrum nitrate ‘was adr

| recent ‘development, - |
- an article entitled “Ammonium Nitrate” in Industrial-and
_'Engmeermg Chemlstry, volume 45, - pages - 496—-504'
March 1953. Esseetially, the process con31sts in spraying -
. hot concentrated ammonium nitrate: solution from the |

top of a tower and ellowmg the droplets to descend
| egalnst a countercurrent stream of E}.II' at a lower: tempcra- SR
= :ture formmg sohd partlcles Wthh are essentlelly angq ega- SRS

formed by the blast was measured, and the crater di-

“ameters appear in Table 1. ‘Experience with this deposit

has shown that results are very highly reproducible, be-

This is
espec1ally true for any glven seﬂes of runs m'lde aft one .

50 | '-tlme
tive embodiment of my invention, I mix together ‘am-
monium nitrate prills, free .of the’ cley, ‘diatomaceous

earth” or other mineral ﬁ]ler coating: commonly used

It will be seen from Table I that in all cases where
ixed with ammonium nitrate in -

a30:70. ratio, markedly ‘poorer results were obtained
then with the stralﬂ*ht ammonium npitrate, in keeping with

~ the - reoogmzed ordinary behavior of calcium. mitrate.

Ammomum nitrate. prills, as mentioned are a relatlvely
Their manufacture is described in




tions of microcrystals, which are termed prills, about 4
to 959 of an inch in diameter. The basic process widely

used is described in United States Patent 2,402,192, In-

stead of using gravity to move the droplets of ammonium
nitrate solution through a tower, prilling may also be ac-
complished in a rotating drum, as described in Chemical
and E*lgmeermg News, June 22, 1959, pages 38-39. Am-
monium nitrate is subject to caking, partlcularly in stor-
age, so that it is common practice to coat the prills
formed in the fashion described with an anti-caking agent,
which most commonly consists of 2% to 3% % by weight
of a mineral filler powder such as diatomaceous earth,
attapulgite clay, talc, ground limestone, and the like. As
appears from Table I above, however, coafed prills are
not improved in explosive character by the admixture of

calcium nitrate, but rather just the opposite. Indeed, this

statement applies to the other available forms of ammo-
“mum nitrate as well, as also appears from Table I
It is an essential feature of the present invention that
ammonium nitrate must be used not only in its prill form
but also in tke form of prills which are free of the com-
mon mineral filler coating.. Accordingly, throughout this

pecification and the claims which follow, the term “un-
caated_ prilled ammonium nitrate” is to be understood
as the prills of this substance as produced in a prilling

10

15

20

25

tower or drum or by like means, and free of the usual

2 or 3 or 4% of mineral filler. I have carried out ex-

periments with slightly coated prills, and find that the

ammonium nitrate prills may have up to and including
2% by weight, but no more, of a mineral filler coating,

30

and still be operative in my invention. Any increase in

coating over this amount greatly decreases the efficiency.
Minute quantities of erganic additives which are occa-
sionally used to improve the physical properties of the
prills, such as 149 to 1% of an organic surface active
agent or a wax, do not interfere with the practice of the
invention. Materials of this sort are more or less solu-
ble in the diesel or other hydrocarbon oil which is used
in the practice of my mventlon, and combust along with
the oil. -

- By way of further explanation of Table I and exem-
plary of other forms of ammonium nitrate which do not

work in my invention are the so-called Stengel flake,

made in accordance with Stengel Patent No. 2,568,901,
which as the name implies is in flake form and thus

wholly unlike a prill; and grained ammonium nitrate

which 1s imade by open-pan evaporation and resuits in
granules which are considerably smaller than prills but

do not have the microcrystalline structure of the prills |
The manufacture of ammonium nitrate by graining is

described in the Industrial and Ennmeermg Chemistry
 article already cited, and Stengel ﬂake in IEC 46 622—
632 (1954).

The prilled calcium nitrate whlch I use is substantlally |
anhydrous, the moisture content being considerably Jess.

~ than 1% by weight. So far as T have been able to deter-

30
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monohydrate, which contams 8% or 9% water. As al-
ready stated, in order to practice my invention it is neces-
sary to use prilled calcium nitrate. Where this term is
used hereinafter and in the claims which follow it is to
be understood that the material is substantially anhy-
drous, viz., it has less than 1% moisture, and, like the

prilled ammonium nitrate already described, it has not

more than 2% of non-combustible coating, and, indeed,
in the presently available commercial article, none.

~ The hydrocarbon used in the practice of my invention
may be any commonly available hydrocarbon, such as
petroleum, petroleum fractions; waxes, asphalts, coal tar
hydrocarbons, pinewood hydrocarbons, and the like. The
best I have found to be liquid or readily liquefiable hy-
drocarbon oils, and particularly petroleum hydrocarbon
oll of the types included within the range of kerosene
through light lubricating oil. Im general, hydrocarbons
of higher gravity than kerosene are too volatile for con-
venience in use, although they may still be used, while

- lubricating oils heavier than about SAE 10 are not

only more expensive but take too long to become ab-
sorbed to equilibrium by.the prills. The best hydrocar-
bon oil which I know of is No. 2 diesel oil which is
known as Class 2 Diesel Fuel Oil in the United States

- Military Specifications.

A striking feature of compositions made in accordance

with my invention is that the mixture of ammonium ni-

trate and calcium nitrate is no longer subject to the cak-
ing of the. straight ammonium nitrate. This is especially
surprising in view of the dehquescent property of calcium
nitrate generally

'The surprising results achleved in the practlce of my

invention may be. most readily appreciated by reference
- to the drawing, in which two curves are shown which

show the explosive effectiveness of mixtures made in ac-
cordance with my invention as a function of the percent
calcium nitrate in the mixture of the two. nitrates., The

fisures which are plotted ‘in the drawing appear below
as Table II

Table 11

Crater Diam-
Percent GN in AN-CN | Relative | Crater Diam- | eter (in fect)
Mmture o Bulk | eter (infeet) | Cubed times
o Density |  Cubed ! - Relative
| | Density 2
| R 1,00 | 1,185 1,185
| U 1,00 1,425 1,425
D e e e e e e e 1.01 1, 550 1, 565
10 e 1.03 1,760 | 1, 800
20 e 1. 06 1,950 |. 2,070
B0 e .11 2, 200 2,440
| 1.14 | 1, 950 { 2,225
1) S 1.19 1,330 | 1, 580
B0 - m o e e 1.26 1,000 | 1, 260
00 o 1. 29 180 | 230
0 e oo e 1. 31 125 165

mine, and certainly to the best of my knowledge, it is

not practicable to make a calcium nitrate prill with any

 appreciable water content, = Prilled ' calcium nitrate as

used 1 my imvention is, furthermore, free of any non-

combustible coating, ]ust as has been described in connec-
tion with prilled ammonium nitrate heremabove Prilled
calcium nitrate is an article of commerce and most, if

not all, of the material available in the United States is
1mported from Scandinavia, most 1mportantly from Nor—_ |

60

G5

1 Plotted 1 in drawing as dashecl line
~ 2 Plotted in drawmfr as sohd line.

' In the tests ‘which Were made which are shown in Table
II, uncoated ammonium nitrate prills were mixed in vari-
ous. proportions with prilled calcium nitrate. The per-
centage of calcinm nitrate in the mixture of the two ni-

trates appears in column 1. The second column shows

~ the relative bulk density of the mixture of the nitrates and

way. The commercial article is quite pure, is snow-white

in appearance, and free of clay or like coating and also
free of water. Thus, this material. differs sharply ‘from

70

commercial flake calcium nitrate, f01 example, ‘which
contains a quite substantial amount of water, in fact
B between 25% and 30%. This latter form will not . work
- at all, nor will the labﬂratﬂry-grade of calcmm nltratc

-~ diesel oil, which was held constant at 5.5 parts by weight
of diesel oil per 100 parts of nitrate mixture. The third

column of Table II shows the cube of the crater diameter
in feet whlle the fourth column shows this figure mul-

_- ’uphed by ‘the relatwe bulk den51ty Whlch appears m

column 2.
In commercml blastmg operatmns such as for example

| the open-plt mmmg of coal 1ron ore, and the like, an
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- plosive has a lesser bulk density than another, then it will
 be necessary to drill a larger hole when using the first
- than when using the second, and in consequence the over-

- plosives.

. both ha‘ve the same strength, to weight ratio.

~ carbon used
- with no lessening of effectiveness. |
- general about 5.5 parts of ‘hydrocarbon oil per 160 parts
- ' of the nitrate mixture works very well for all pereentages |
- of calcium nitrate within the inventive range, and this is
best coneentratlon that I. know of.:

- what  surprising result,- because the stoichiometrically -
eqmvalent amount of hydrocarbon oil i increases greatly as-
~-the percentage of calcium nitrate increases, because of the .
- great difference in oxygen balance of the two  nitrates.
The amount of dlesel oil Wthh I have found to be gen-
. €era lly optimum, however, is not necessarily the ‘stoichi-
ometric quantity, but, as mentloned simply about 5.5%.

~ As mentioned, the amount of hydrocarbon oil which
~+ will be found to glve good results in the prachce of my
~invention for various mixtures of prilled ammonium ni-

55 of numerous specific examples it will be evident from

© 7 mixed nitrates. -

"'__'5_:__'__:{".:';of hydroearbon 0il appear in. Table I below. These -
¢ 'results are supplementary to those already gven in Table |
L I abeve all of the mgredwnts hemg the same, and merely 'ﬁ'_-"_e-'f*uhcoated prﬂled ammonium nitrate and .uncoated prilled

__5_ .

the drilling of the holes fo receive the charge. If one ex-

all blasting costs will be greater for the first than for the

3’,180,768

. ,apprecmble part of the cost of the blashng operatmn is

second, even if explosive effectiveness on a weight basis

and cost per unit weight were the same for both ex-
Frequently hard, dense rock formations are en-
countered that require greater shattering action than the
bulkier explosives can develop. "It has been well es-
tablished both by theory and practice that of two explo-
sives having equal strength to weight ratio, the one having
the greater density will develop the greater shattering ef-
fect or “brisance.” This is because the shock wave in the

10

15

denser explosive will have a greater velocity providing

Hereto-
Torts to increase density of ammonium nitrate type

fore e

. explosives have always resulted in decreasing the strength |
. to weight ratio so that any advantage in cramming more
- mass into the drill hole has been virtually nullified by

This 1s particu-

larly true with additives such as calcium nitrate when
mixed with conventionally coated prills.
quence, I have plotted in the drawing both the cube of

the decreased strength to weight ratio.

In conse-

TABLE I
Percent CN | Percent. Fuel { Crater Diam- |
1 in AN-CN | Oil per 100 § eter in .
- Mixture | Parts Mixture Feet and -
L o - Inches
- 10 5. 8 12717 .
10 6,24 120
20 5.5 - 12%"
20 - - 6.98 126
30 b5 130" -
30 - 7,72 13707
40 5.5 1267
40 - 8.46 126"
50 4.5 1077 -
50 5.0 11767
50 8.8 11/0°
- B0 6.0 117"

-~ The result'sjof proceeding in accordance with the inven-

25

the crater diameter for an equal weight of charge in each .

 case, which gives an acurate measure of explosive effec-.
tivr_less; and I have also plotted as a solid line in the draw-
- ing these sa
 density, which comes closer to being a praetlcal measure

e figures. multiplied by the relative bulk

tion have been tested repeatedly by numerous experi-
- ‘ments.

20 action which would explam the surprising results obtained

by the use of calcium nitrate with uncoated prilled am-
-monium nitrate.

‘Nevertheless, T am unable to offer any theory of -

Possibly the mineral filler coating so
commonly employed on prills has some dampening effect,
but that this is far from the entire explanation is made

clear by the fact that a 50-50 mixture of uncoated am-

~monium nitrate prills and potassium nitrate instead of
calcium nitrate, together with 5.8 parts of diesel oil per

| 100 parts of nitrate mixture, fails, to detonate at all.

30

of over-all explosive effectivenéss for the reasons stated,

‘when taking into account the cost of drilling holes. -
- Turning now to Table II and the drawing, it will be -
seen that even small adidtions of calcium nitrate, includ-

~ ing the lowest tested concentration of 1% calcium nitrate
in the mixture, increase the efficiency of the ammonium

- nitrate when senmtlzed with diesel oil.” This is most sur-
- prising, and is completely in contrast to results obtained

~ with other forms of ammonium nltrate as already shown

in Table I. The super—addltrve effect holds over a wide

- range, and reaches a peak at about 30% CN. For per-
centages of calcium -nitrate greater than about 60%, the

~ explosive efficiencies drop off to a Very low Value

40 |
. tainable by combmlng the inventive mixtures discussed

The explanation of the unusual results obtained with the .

inventive compositions must awal’s 1nten31ve and :Eunda--

mental research.
I have found that the lnventwe mixtures deserlbed and

" claimed herein may be advantageously used in combi- -
“nation with the inventive

~in my co-pending application, Serial No. 840,453, filed -

ixtures described and claimed

September 16, 1959, now Patent No. 3,061,488. That

co-pending application discloses mixtures of prilled am-

monium nitrate and sodium nitrate (“SN”) with a hy-
drocarbon oil. As an example of the good results ob-

- herein and the inventive mixtures disclosed in my eferesmd |
| ce-pendmg application, the following test results are

Charges greater than 70% calemm nitrate did not give '

~ any crater at. all and therefore are net pletted in the
" drawing. |

" Another rather surprlsmg effect 1s that the ligquid hydro- |
1ay be varied over a considerable range -
1 have found that in

- trate and prﬂled calcium ‘nitrate within the scepe of my -

“invention have been found to lie w1th111 the range for -
_'?-'-f_wh.lch the lower lim

This again is a some-

--_ﬂwen in which mixtures made up in accerdanee with both

- of my applications were prepared, and then combined and
‘tested in the manner already set forth, for example, as

shown in the table hereinabove (1500 grams changes, as

60 1

throughout). The prilled calcium nitrate in all these tests

- was of 142 to 1¢ inch pellet diameter, this being the com- |

mercial size, and thus was of slightly ﬁner mesh- thaﬂ ‘the

| prllled ammomum mtrate

T able v

- Composition Crater -

| - Diameter

3 parts of: 60 AN, 40 SN,. I'uel 0} SR | I ron

1 patt of: 60 AN, 40 CN, 5.5 foel ofl . 12'8

~. 1 part of: 60 AN, 40 SN, 5.5 fuel oil. ... ... . qorgr
1 part of: 60 AN 40 CN, 5.5fuel oil. oo _oooomee i | 28
1 part of: 60 AN, 40 SN, b.bfuel ol . .. qarar
" 3 parts of: 60 AN, 40 CN, 5.5 fael ol ...~ } 1280
10{} AN 5.5 fuel oil (centrel)_“_ ____________________________ 1097

Wh]le tne mvenhon has been descrrhed w1th the aid -

the disclosure that numerous varlatrens of detail are per-
it is three parts and the upper 11m1t-|“ N

is .ten parts of hydrocarbon’ oil per 100 parts of the

-Some test results for Varymg percentages 70 _.

- muissible within the broad scope of the invention, keepmg“.. ._
~ in mind, however, the experimental ﬁndmgs Whmh I have

ﬂet ferth in the Sp elﬁcatmn

1A detenatable cempesmen cens1st1ng essentrally of

h_.:i_;.:.icalcmm nitrate in a. Welght ratio Wlthlﬂ the range of 40% ..

| 75 'ammeﬂ um- mtrare—-GO% calcmm mtrate and 99% am—-;'ff_”-t:r-"-.*



o

o

monium nifrate~1% calciu
hydrocarbon in a weight ratio of beiween 3 and 10 paris
for each 100 parts of the mixture of the said nitrates.

2. A detonatable composition consisting essentially of

prilled ammonium nitrate, pnlled calcium nitrate, and

non-combustible coating not in excess of about. 2% of

3,180,768

1 nitrate, together with a liquid

5

the welght of Sﬂld prilled nitrate, said nitrates being pres-

ent in a weight ratio within the range of 40% of am-
monium nitrate-60% calcium. nitrate and 99% ammo-
mium nitrate-1% calcium nitrate, together with a liquid
hydrocarbon in a weight ratio of between 3 and 10 parts
for each 100 parts of the mixture of the said nitrates.

3. The compasﬂwn of claim 1 in which the llqmd hy-
drocarbon 1s a petroleum hydrocarbon

4. The composmon of claim 2 in which the 11qu1d hy-
drocarbon 1s a petroleum hydrocarbon |

10

S
hydrocarbon is a petroleum hydrocarbon oil within the
range of kerosene through light lublica'ting oil,

6. The comp051t1011 of claim 2 in which the liquid hy-
drocarbon is a petrolenm hydrocarbon oil within the
range of kerosene through light lubricating oil,
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5. The composition of claim 1 in which the liquid -
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