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ABSTRACT

"Aromatic Hydrocarbon-Based Emulsion Explosive Composition”

An emulsion explosive composition comprising a
discontinuous oxidizer phase and a continuous fuel phase is
provided wherein the fuel phase comprises an aromatic
hydrocarbon compound. The composition essentially contains
as the emulsifying agent a polyisobutylene succinic
anhydride-based compound in admixture with an ester of 1-4
sorbitan and oleic acid. The composition demonstrates high

explosive strength and excellent stability.
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RACKGROUND OF THE.INVENTION

1. Field of the_ Invention 26 09 7

The present inventicn vrelstes to explozive compositions
of the water-in-fuel emulsion type in whirch an agquetus
oxidizer salt sclution is disper=zed as a dizcentinuous phazge
within a continucus phase of =a liquid or liquefishle

carbonaceous fuel.
2. Description. of the Prior Ark
Water-in-fuel emulsion explogives are now well known 1in

the expleosives art and have been demonztratad to he safe,

econcmic z2nd s=imple to wanufacture and to wvield ex~ellent

blasting results. Bluhm, in United States Patent No.
3,447,372, disclosed an emulsion explosive composition
comprising an aqueocus discontinuous phase containing

dissolved oxygen-supplying " aaltse, a carhonaceons fuel
continucus phase, an occluded gas and an emmlgifier. Since
Bluhm, farther discleo=ures have described improvements and

variaticns in water-in-fuel explosives compn3itions.

These include United States Patent MNeo. 3,674,578,
Cattermole et 2al.; United States Patent No 3,7784.522,

Tomic; United Clates Patent No. 2,715,247, Wade; United



States Patent No. 3,875,9R4, Wade; United States Patent No.
4,112,134, Wade; United States Patent No. 4,149,918, V¥sde;
United States Patent No. 4,149,217, Wade: United States
Patent No. 4,14i,767, Sudweeks & Jessup; Cansdian Patent No.
1,096,173, Binet & Seto: United States Patent I'o. 4,111,727,
Clay; United Fftates Patent No. 4,104,092, Mi:llay; United
States Patent HNo. 4,231,821, Sudweeks & Lawrence; llnited
States Patent No. 4,218,272, Brockington; United States

Patent No. 4,138,281, OIney & Wade; and United States Patent

No. 4,218,847, Sudueels & Jesaup . Sterkenberg et al. in
United State=s Patent No. 4,545,829, descrite 2 process for

making an gomatol explrnsive wherein an emulsion of ammonium
nitrate in melted TNT is produced which emulsion is
thereafter casgt into shspes. Ekman et al, in United States
Fatent No. 1,310,364, digsclcae a cap-sensitive, wster-in-
fuel =mulsion  in which the fuesl phase consiazts primarily of
aromatic nitio-compounds. However, the compositions of
Ekman et &l have proven teo be of limited commerical value
because the emulsion formed is short-lived and highly
crystallized ond, hence, soon loses itz stability and

sensitivity, particularly at low temperaturecs.
SUMMARY OF THE INVENTION

The present invention provides a water-in-fuel emulsion

composition vhich compriges:

r’—ﬂgﬂ‘e\N AL ?}
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(a) » ligquid  or liguefiable fuel gelected from the

group censisting of aromatic hydrocarbon compounds forming =a

continuous emulzicn phase;

(b) an =zquecus =

2

lution of one or more inorganice

5 oxidizer salts forming s discontinuous phasz; and

(e en offective amount of =2 PIRSA-tae=d emulzifying

As used hereinsfter, the emuleifying compound used and
described in () above will he referred to as = "PIRSA-based

10 emulsifier”. and iz the reaction product of (i) =a
polyalk(en)yl succinic anhydride which is the addition
product of 3 polymer of a mono-olefin containing 2 to B
carbon atoms, and having va terminal unsatursted grouping
with maleic anhydride, the pnlymer chain arntaining from 30

15 ta 5@@ carbon atoms; and ¢(ii) =a polyol, " a polyamine, &

hydroxyamine, phosphorin gaid, sulphurie acid, or

monochlorogostic acid.

For improved stability, it is desirable to also include
a second emulsifier to create gn emulgifier njxture of said
20 PIBRSA-based =mulsifying agent and & monao-, di- or tri-ester

of 1-4 sorbitan and oleic acid, or mixtures theveof .

r C
BAD ORIGINAL @

t



10

15

20

Loogr,

The scrbitan oleste desoribed hersinabove mey he in the
form of the mono-, di- or tri-esters or m2y by in the form
of sorbitan sesquioleate which comprises & mixturs of the
mono-, di-  ov tri-esters and will be referved tn ag A

"sorbiten mesgioleste”

in

It has been surprisingly discavered tlat +'e nze of the
above-deseoritied emulzifisy or o ennlzifisy nixture when
employed in the preduction of a water in fuel emulsion
explogsive, vherein the fuel comprises arcmati~ hydrocarbon
compounds, ouach  as THT, tolboene and nitre heroepre, rozults
in an  explesive compegition which exhibits  high strength,
substantially improved stability and retained sensitivity
particularly when exposed to shesr snd <c¢hock, even at low
ambient tempsratures. It 13 postulated that when used in an
effective rstico, the sorbitan sesquicleste component of the
emalsifier mixture principally 20ts to 2mml=zify the agueous
and fuel phages snd, theresfter, the PIE%A-haced component
of the emulszificr wmigture penetratezs the micellar structure
and functions to snchor or stabilize the formed emulsion.
The regquirement of long term stability is desirable in the
production <-f a practical explosive preoduct eince, if the
emnlzion dezstabilizes or breaks dowm, m=eful  explosive
properties are  logt asz  the compositions n~ften become non-

detonatable.

' BAD ORIGINAL @
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The awount of emulazifier or emulsifis+ mirfure used 1in
the emulsion explosive of the invention will range from @.5%
to 20% by weight of the total composition, prefershbly, from
@.5% to 1% by weight of the total compoesiticn. The ratio
of the gsorbitan esterv emuleifier to the FIBEA-based
enulsifier in the mizxture may range from 1:1 to 1:20 and is,

preferably, in the range of from 1:1 tn 1:5.

The nrwel wsater-in-fuel emnlsion sxplnosive of  the
present invention utilizing aromatic hydrocsrbdon compounds
as the fuel phase demonstrates & number of =dvantages over
conventinnsal emulsion explozives amploying aliphatic
hydrocarbon 2ils  or waxes 23s the fuel phaz~». The smulzion

ve of the presant invention exhibit~ grost explosive

P

xplos

strength or energy, has stability over long perinds of
storage =ven at low temperatures and demnonsgtratcs recistance
to shock and sheaxr. Yery fine droplet size ig anhieved and,
hence, ~lase contact of the sslt and fuel phases at a asub-
micron level is provided for. Balance for oxvgen demand ig
ea5ily accorpliched and. hence, totsl crmsumption of the
ingredients cccurs dquring detonstion with 1little noxious
fume preduction. The composition has th= =hility to be
tailored in consistency From a soft to a hard sompositinn

depending on prachkaging requirements snd/or wnd nse.



10

DESCRIRTION OF FREFERRED. _EMBQDIHENT:

Thz inventiom i=

An  expsrimental

comprising -

and molten 2.1

component of Ehe fuel

mixture of marhitean

microballoonz ware
resulting eyxplosive
film

cartridges and

properties. The result

mizture of

Example I

phinse,

mario-- Laeats

illuostrated by

S-trinitrotulnene

The

incorporated am

was packaged

Lested for
s are showun

tha fellowing Examples.

exlosive o preparad
zaltz in *he cquecns phose

CTNTY as the  prineipal

solaifiv owploved =am 3
3! Yeodithin. Glegs
an added sencitizer.  The

in 2% mm dismeter plestic
phyzizal ond explosive
in Table I helow.

Indredients

Miv 2 Mix 3

Sorbitan mono-oleate
Lecithin

Slarckwax

THT

Oxidizing ssltas*
Microballoonz-glans

1%.0
€3.5

>e

350 RO
AR A
B4

Uy

M Q @
[0 Mok ]
-3

Density, g/c¢c
Minimum primev
VoD m/sec

Emualsion
did not
form

1.17 1.23
R13¢2>
42035

ﬁ%
BAD ORIGINAL y
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% Oxidizing s=lts: AN 68%, 3H 16%, CR 5%,
Fudge Point 87eC, Water 13%

(1) Containz 0.1 drams 1ead szide and @.7 Zraums PETN hase
charge.

(2) Containz ©.1 grams lead azide and @.5 granc PETN base
charge.

An examination cof Table I shows that an smulsion was
formed only when =2 ronventinnel hydrocarbon fus1 (slacksan?

was incorporated 1in the mixture. A microscopis examination

of the eralsions  of Mix 2 and Mix 2 chowed these
compositions to resemnble conventional mater-in-fuel

enulsions having fine crystals of TNT disperserd threnghout
the mixture. The detonation properties of thagae tun mixes
were generzlly roorver than would be - expected for =@
convention i in-water explosive emulsicon W the ssme fucl

content. .

Exsmple 11

A further

i

eries of three emalzion explozive mixs ware

prepared as inn Example T except that the emalsifier emp loved

i

comprised & combinstion of & PIRSA-based emulgifier (the
resction product of rolyiscbutyl gnecinisc  anhydride and
diethan-lsrine need throughout Exswples TII  to X1y =and
sorbitan sesavioleate. in the preparatiosn process, the

nitroaromatie fuel (THT) &nd the emulsifier mixture Aare

melted in =2 heated mixing bowl and the heoated eaneous

'éoiution of oxidizer salt was slowly added tc the bewl with

f : .
BAD ORIGINAL aa))



slow stirring.
formed and

further five minutes.
aluminum (pcwder )
25 mm  Jdiamcter
physical and explosive

Table II below:

Lhe mixture

were

plastic

was

Thereafter,

added .
Film

properties.

stirved

cartridges

at hishe:
microbzlloons

The explosiv: un:

The

an<

reselis

@Q 09‘7

A clear, transperent emulsion tas insteantly

speed for a
and fuel
pachkaged in
tested for

3re zhown in

JABLE L1
Ingredients Mix 4 Mix 5 Mix ©
PIBSA-based emulszifier 2.9% 2.0% 2.90%
Sorbitan sezsjyuialeate 2.5 g.5 3.5
TNT 12.0 7.0 3.9
Oxidizing galts <10 G1.5 81.5 83.5
Microbslloonz glass 4,7 4.9 4.0
Aluminum - 5.0 190.0
Oxygen balance 0.9 -@.7 -2.4
Emulsion propercv<2:? Excellent Excellent Excellent
Dengity, g/oc 1.19 1.22 1.21
Droplet size p
Average X ?.738 @.797 @.720
% below 1 80.7 61.2 87.5
Minimum primer R§74> R5 RS
VOD m/sec 46801 4504 47987
Shock crystnllized 32 EB(4421) EB(434") EB Detn.
(1) Oxidizing salts: AN 77%, SH 11%, water 12%, Fudge Point
750C
(2) Visual obsgervstion: A clear, transparent, viscouszs body
indicates = fine, stalble emulsion (exccllent)
(37 Shock crystallized: Sanmples cooled to 2020 and
repeatedly struck on o hard surface to induce
crystallization before testing with an electric

blastirg cep (EB).

BAD ORIGINAL @
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(4) Containz €@.1 grams jead aside and G.1 «#rvams FETY bease
charge .

The mixc= in Tabhle II were found to be clay-like in
nature, non zticky to the touch and readily moldable. Their
censitivity toe  breakdewn under shesyr wa=z low, they showed
very f[ine dyeplet size (2.7 - 2.8 p savorage )y, they

5 demongtrated good detcnation properties with minimum priming
and a high veleecity of detonetion (VOD). They remsined
stable in cteovzge for  eirx months st temporablures ranging
fFrom -725°C e  +4BC, were oXxygen balanced even when
containing 12% aluminum fuel and retained annsitivity to

10 electrin bloeciivg r=p initiation even when crystallized by

choclk a+t lon temperature.
Example 111

A furthter =meries of thres emulsion explosives mixes

were pripaycd ag Ae=cribad in Exsmple 1T, Again, the

15 axplosives wers packaged in 25 mm diameter plastic film
cartridges «nd tested for phﬁsical and explosive properties.

The rezultn are shoun in Table 111 bhelow.

BAD ORjGiNA; @)
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TABLE. IITL

Ingredients Mix 7 Mix 8 Mix 9 Mix 10
PIBSA-based

emulsifier 2.9% 2.0% 2.0% 2.8%
Sorbitan

sesquioleate - 9.5 a.5 P.5
TN 12.8 - - 15.0
Toluene - 3.0 - -
Nitrobenzene - - 3.0 -
Oxidizing salts ¢(1> 82.0 8@.5 2@.5 78.5
Microbslloons-glass 4.0 4.9 4.0 4.0
Density, g/cc 1.18 1.17 1.17 1.20
Hardness<(=z> 47 200

Rise in shear

temperature¢?> 9e(C 22°C
Droplet size p

Average X ?.738 1.1 p.971 0.996
% Below 1 88.1 53.0 61.7 56.4
Minimum primer RB<4> R6 R6 RS
VOD m/sec 37356 3898 4123 4610

Shock crystallized EB(3325) EB(3528) EB(3414)

(1) Oxidizing salts: AN 77%, SN 11%, water 12%
(2) Measured by the penetrating cone test

(3) Measured by the "Rolling Pin Test" which ceonsists of a

. roller which passes on a fixed track, a platform of
variable height on which is placed a cartridge of the
explosive to be tested and a thermocourle tempersture
probe and readout. The passage of the roller impasrts s
hear by flattening the cartridge to the specified
clearance and the temperature rise is then recorded.
This test was performed with the ca-sensitive packaged
formulation at temperatures ranging from ambient to -
35¢C. The “rise in shear temperature”, as determined
on the temperature rise versus test temperature curve,
was the test temperature st which the tempersature rise
was 16<C.

(4) Contains 9.1 grams lead azide and @.15 grams PETN base
charge.
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With reference to Table III, it can be seen that Mix 7,
devoid of the sorbitan sesquioleate component, formed an
emulsion which was much more sensitive to shesr (Tie - 9°C)
than those shown in Table II above. In Mix 8, toluene was
employed as the aromatic fuel phase and in Mix 9,
nitrobenzene fuel was used. In Mix 19, a relatively high

volume of TNT was utilized.
Example 1V

A further series of four emulsion explusives mixes were
prepared as described in Example III employing sorbitan
mono-ocleate &as the minor emulsifying component. The
explosives were packaged in 25 mm diameter plastic film
cartridges and were tested for physical =and explosive

properties. The results are shown in Table IV below.

11
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TABLE 1V

Ingredients Mix 11 Mix 12 Mix 13 Hix 14
PIBSA-based

emulsifier 2.9% 2.0% 2.9% -
Sorbitan

mono-oleate d.5 1.9 2.0 1.8
TNT 12.0 12.0 12.8 13.4
Oxidizer salts<i> 81.5 81.0 83.0 79.8
Microballoons-glass 4.9 4.0 1.0 5.0
Density, g/co 1.17 1.17 1.17 Formed
Hardness<=> 150 157 183 but not
stable

Rise in shear

temperature ~21°C -232C -23eC
Droplet size p

Average X 3.81 ?.64 .72

% Below 1 78.5 95.9 892.5
Minimum primer RS R6 R5 Failed EB
VOD km/sec 4.2 4.8 4.9

(1) AN/SN Liquor: 77% AN, 11% SN, 12% Watser

(2) Measured by penetrating cone test.

With reference to Table IV, it is seen that Mix 14,
devoid of any PIBSA-based emulsifier, formed an emulsion
which was unstable. Mix 11, employing @.5% of sorbitan
mono-oleate, formed a stable emulsion which, when examin®d

under the microscope, showed emulsion droplets intermixed

with TNT crystals. Mixes 12 and 13 showed no evidence

of TNT crystsls under microscopic exsminstion.
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Example. ¥V

In order *to determine the useful ranges of PIBSA-based
emulsifier and sorbitan sesquioleate emulsifier which could
be employed with the explosive compositions nof the
invention, = series of ten mixes were prepared in the manner
describsd in Example II, wherein the amount of both
emulsifiers was varied independently. The resulting
emalsions were examined for physicsl and explosive
properties which are recorded in Table V-A anﬁ Table V-B,

below:

13
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TABLE.V-A

Useful Range of PIBSA-based Emulsifier

Ingredients Mix 15 Mix 18 Mix 17 Mix 18 Mix 19

PIBSA-based

emulsifier D.5% 1.0% 2.8% 4.0% 8.0%
Sorbitan
- sesquioleate 2.5 2.5 3.5 2.5 3.5
TNT 12.0 12.0 12.0 12.0 12.9
AR/SN liguor 83.0 8Z.5 81.5 79.5 75.5
Microballoons-

glass 4.0 4.0 4.9 1.9 4.0

Density, g/cc 1.19 1.19 1.19 1.19 1.19
Hardness ¢(1? 25 65 145 1 200 +209
Rise in shear

temperaturec2? BeC -15.5=C ~23°C -28¢C -350C

MP (VOD) km/sec Failed RO(4.1) RS5(4.6) RS5(5.1) R7(4.7)
Droplet size p
Average X ?.65 2.809 @.79  2.82 0.83
% below 1 97.6 79.7 8@.7 95.8 72.4

(1) Hardness is a measure of the physical hardness of the
product measured by penetrating cone test.
Larger numbers = softer product.
(2) The rise in shear temperature is a measure of shear
sensitivity. The 1ower_the temperature, the better.
As can be seen from the results recorded in Table V-A,
the amount of PIBSA-based emulsifier required to form a
stable emulsion must be greater than @.5% of the total
composition and may be as great as 8.8% or more. As the
amount of PIBSA-based emulsifier in the mixture is

increaszsd, the compositions becomes softer and less

sensitive to shear. In all cases, the droplet size is below
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The preferred smount of PIBSA-based emuleifier is from

1p.
P.5% to 12.@% by weight of the total composition.

TABLE..Y=B.

Useful Range.of Sorbitan.Sesauioleate Emulsifier

Ingredients Mix 20 Mix 21 Mix 22 MHix 23 Mix 24
PIBSA-based

emulsifier 2.9% 2.9% 2.9% - 2.9% 2.9%
Sorbitan

sesquioleate - 8.5 1.0 2.0 4.9
TNT 12.0 12.0 12.0 12.9 12.0
AN/SN liquor 82.0 81.5 81.0 80.0 78.0
Microballoons-

glass 4.0 4.0 4.0 4.0 4.0
Density, g/cc 1.19 1.19 1.19 1.19 1.1¢@
Hardness 47 1456 152 175 +200
Rise in shear

temperature -9e(C -23eC -25eC -27.5eC -21eC
MP (VOD) km/sec RB(3.7) R5(4.6) R6(4.8) RE(4.6) R6(4.8)
Droplet size p

Average X 2.74 @9.79 B.65 ?.88 ?.61

% below 1 89.1 8@.7 97.1 69.5 100

From the results recorded in Table V-B, it can he seen

that in the absence of sorbitan sesquioleate (Mix 28), the

composition is highly gsensitive to shear. As the quantity

of the emulsifier is increased, the composition becomes

and less

stable prone to shear and shock crystallization.

The preferred smount of sorbitan sesquioleate emulsifier is

from @.5% to 10.9% by weight of the total composition.

DQC/W

15
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Example. YI

To determine the effectiveness of sorbitan trioleate as
the minor emulsifier in the explosive composition of the
invention, s series of mixes were prepared in the manner
described in Exsmple II. When the composition was devoid of
any PIBSA-bsased emulsifier but contsined 3% Lty weight of
sorbitan trioleate as the sole emulsifier, no emulsion was
formed. Employing  a combination of 2% PIBSA-based
emulsifier and ©.5%7 of sorbitan trinleate, a partially
crystallized emulsion was formed. A cdmbination of 2%
PIBSA-based emulsifier and 2% sorbitan tricleate produced an
excellent, stable emulsion. Results are shown in Table VI,

below.

18



TABLE. VI
Effectiveness of Sorbitan Trioleate Emulsifier
Ingredients Mix A Mix B Mix C Mix D
PIBSA-based
emulsifier - 2.9% 2.8% 2.00%
Sorbitan
Trioleate 3.0 @.5 1.2 2.9
TNT 12.0 12.9 12.@ 12.0
AN/SN liquor 81.0 81.5 81.0 80 .0
Microballoone-
glass 4.9 4.0 4.7 5.0
Emulsion Emulsion Partially Partially Excellent
property did not crystallized crystallized
form

MP VOD km/sec RB6(4.5) RB(4.6) R6(4.8)
Droplet size n

Average X @ .95 @.77 @.91

% Below 1 71.1 88.7 66.4

Example. YIL
To determine the maximum amount of aromatic fuel

components which can  be tolerated in the explosive
composition of the invention, = series of mixes were

prepared as desceribed in  Example Il wherein the amount of

varied from 12% to 25% by weight of

the aromatic fuel was

The results are shown in Table VII,

the total composition.

below:

.9005'7

17
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TABLE. VII
Effect of TNT_Content . on.Emulsion

Ingredients Mix 25 Mix 26 Mix 27 Mix 28
PIBSA--based

emulsifier 2.0% 2.0% 2.0% 2.9%
Sorbitan

seaquioleate 2.5 g.b @.5 g.58
TNT 12.0 15.@ 8. 28.0
AN/SHN liquor 31.5 78.5 73.5 B3.5
Microballoons-

glass 4.9 4.0 4.2 4.0
Density, g/cc 1.13 1.20 1,208 Not stable
Hardness 145 125 147 sweating
Rise in shear

temperature -23eC ~-23.52C -21~C

MP (VOD) km/sec RG(4.6) RE(4.7) RE(4.7)
Droplet size p :

Average X 9.79 .67 2.73
% below 1 80.7 g1.8 88.4

From the results recorded in Table VII, it can be seen
that an amount of aromatic fuel above about 25% by weight of

the total composition leads to an unstable emulsion.

Exanple VIIL

A series of explosive emulsion mixes were prepared by
the method described in Example II using a variety of
aromatic hydrocarbons as the fuel phase. The explosives,
cartridged in 25 mm diameter plastic film packages, were
examined for physical and explosive properties which =sre

tabulated in Table VIII below.
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TABLE.VILIL

Emulsions. with Variety of Fuels

Ingredients Mix 29 Mix 3@ Mix 31 Mix 32 Mix 33 Mix 34

PIB3A-based
emalzifier 2
Sorbitan
sesquioleate @.
Nitrobenzene 3
Chlorobenzene 3.9
Cyclohexane 3.0
Toluene 3.0
Xylene
Anthracene
AN/SN liquor 9@.5 8@.5 9.5 93.5 90.5
Microballoons-
glass 4.0 4.9 4.0 4.0 1.0

[ax
P

2.0% 2.0% 2.0%

[aS)

0% 2.0%
@.5 P.5 3.5 ?.5 2.5

(=R

W
Q[
o0
IS &8 w
Q [@

Density, &/cc 1.17 1.17 1.17 1.17 1.17 1.17

Hardness 192 175 200 - 168 185
Rise in shear ' 1

temperature -270C -22.50C -22°C -24eC -22.5°C
MP (VOD)

km/sec RB(4.1) RB(4.2) RB(4.3) RB(4.1) R6(4.3) R6(4.1)
Droplet

size p  _ ’

Average X @.97 9.90 B.72 1.82 @.72 .72
% below 1

61.7 72.1 91.7 53.0 89.1 89.3

The emulsions recorded in Table VIII were generally
soft in consistency, were Very stsble to sheeck and shear,

had good sensitivity to primer initiation and had sub-micron

droplet size.



0077

20

Exanple 1X

A series of four explosive emulsion mixes were prepared

by the

paraffinic hydrocarbon

hydrocarbon fuels.

diameter

physical and

method described

plastic

explosives properties.

in Example II using conventional

fuels in combination with aromatic

The explosives were cartridged in 25 mm
film examined for

packages and were

The results are shown

in Table IX, below.

TABLE.1X

Ingredients Mix 35 Mix 36 Mix 37 Mix 38
PIBSA-based

emulsifier 2.0% 2.0% 2.0% 2.0%
Sorbitan

sesquioleate 2.5 P.5 3.5 9.5
TNT 12.0 12.0 12.0 12.9
HT-22 o0il - 2.0 - -
Slackwax ~ - 2.0 -
Paraffin wax - -~ - 3.3
Synthetic wax - - - 9.9
AN/SN liguor 81.5 79.5 79.5 80.6
Microballons-
glass 4.0 4.9 4.0 4.0
Density, g/cc 1.19 1.19 1.19 1.19
Hardness 145 220 1486 93
Rise in shear

temperature -232C -34=C ~18e(C -17=C
MP (VOD) km/sec R6(4.6) R5(4.9) RB{4.8) R5(5.1)
Droplet size p

Average X .79 1.63 1.44 1.11

% below 1 80.7 15.4 22.1 45.93
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All the emulsion explosives recorded in Table IX
exhibited good sensitivity and a high level of shock/shear
stability. They ranged in oconsistency from soft (Pzz - 203 )
to hard (P22 - 93). Droplet size ranged from 2.79 u to 1.63
n. The results indicate that satisfactory emulsion
explosives can be produced wherein the fuel phose comprises

a mixture of aromatic and aliphatic hydrocarbons.

A basic explosive emulsion was made, as described in
Example II, with 2.0% PIBSA-based emulsifier, 9.5% sorbitan
sesquioleate, 12% TNT and 85.5% oxidizing salts liguor
(AN/SN/ water 77%/11%/12%, Fudge Foint 75°C. The emulsion
density was adjusted by different levels of B-23 glass
microballoons (from 4 to '1.5%), cartridged 1in different
sizes (from 50 mm to 18 mm dismeter), and tested for VOD.

The results are tabulated in Table X, below.

21
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TABLE X

Datonsation Velocity of Emulsified TNT Explosive
(NOD_nm/sec)

22

Density, 1.19 1.23 1.30 1.32 1.34
g/ce
Diameter
(mm )
52 5040 5248 4922 5000 3360
42 4739 4847 45386 4885 3414
2% 4410 4295 3567 3083 Failed
ie 3757 3508 Failed Failed Failed

The dats in Table X indicates that the detonation
velocity (VOD) of emulsified TNT explosives is generally
higher than the VOD found with convéntioﬁal emulsion

explosives using oils/waxes as the fuel phase.

EXAMPLE XI

Emulsified TNT explosives made withgor Qithout added
fuel aluminum were tested underwater in compsrison to
conventional oils/waxes emulsions of TNT doped emulsions.
Data in Table XI below were expressed in total shock and

bubble energy released.
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TABLE. XL

Underwater Test Results

Emulsified TNT Explosive Total Energy (mJ/kg)
15% TNT 2.60
12% TNT . 2.50
7% TNT and 4.8% Al 2.87
3% TNT and 10% Al . 3.35
ODils/waxes Emulsion Total Energy‘(mJ/kg)
10% TNT doped - 2.30
20% TNT doped 2,40
20% AN doped - 2.85
4.8% Al 2.40
10.9% Al 2.90

12% Emulsified TNT explosive, for exarple, is higher in
energy than conventional oils/waxes erulsion containing
4.8% fuel aluminum (2.50 mJ/kg vs. 2.42 mJ/kg), and
higher than 10% to 20% TNT doped emulsions (2.50 mJ/kg

ve. 2.30 to 2.49 mJ/kg).
With added fuel aluminum, emulsified TNT explosives

give 11% to 15% more in energy than the equivalent
oils/wexes emulsions (e.g. 3% TNT and 18% sluminum vs.

10% aluminum emulsion).

The preferred inorganic oxygen~supp1§ing salt suitable
for use in the discontinuous agueous phasq of the water-in-
fuel emulsion composition is amonium nitrate; however, a
portion of the ammonium nitrate may be feplaced by other
oxygen-supplying salts, such as alkali oé alkaline earth

metal nitrates, chlorates, perchlorates or mixtures thereof.
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The quantity of oxygen-supplying salt used in the
compogition may range from 30% to 90% by weight of the
total.

The amount of water employed in the discontinuous
aqueous phase will generally range from 52 to 25% by weight
of the total composition.

Suitable aromatic hydrocarbon fueis which may be
employed in the emulsion explosives include, ‘for example,
benzene, toluene, xylene, anthracené, nitrobenzene,
chlorobenzene, trinitrotuluene and the like. ?The quantity
of aromatic hydrocarbon fuel used may cdmpri#e from 1% to
30% and, preferably, 3% to 25% by weight oé the total
composition. :

Suitable water-immiscible fuels which m=2y be wused in
combination with the aromatic hydrocarbon fuels include most
hydrocarbons, for example, parsaffinic, oleﬁinic, naphthenic,
elastoméric, saturated or unsaturatéd hydrocarbons.
Generally, these may comprise up to 50%jof the total fuel

content‘without deleterious affect.

Occluded gas bubbles may be introduced iﬁ the form of
glass or resin microspheres or othe% gés»containing
particulate materials. Alternatively, gas-bubbles may be

generated in-situ by adding to the ' composition and

24
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distributing therein a gas-generating material such as, for

example, an agueous solution or sodium nitrite.

Optional additional materials may be incorporated in
the composition of the invention in order to further improve
sensitivity,{density, strength, rheology and cost of the
final explosive. Typical of materials :found useful as
optional additives include, for example, emuls;on promotion
agents such as highly chlorinated paraffinic éydrooarbons,
particulate oxygen-supplying salts such aé priiled ammonium
nitrate, calcium nitrate, perchlorates, and the 1like,
ammonium nitrate/fuel oil mixtures (ANFO),‘particulate metal
fuels such as sluminum, silicon and the‘iiké; particulate
non-metal fuels such as sulphur, gilsoniée and the 1like,
particulate inert materials such as sodium chléride, barium
sulphate and the like, water phase oOr hydronsrbon phase
thickeners such as guar gum, polyacrylamide, carboxymethyl
or ethyl cellulose, biopolymers, staréhes, elastomeric
materials, and the like, crosslinkers fof the thickeners
such as potassium pyroantimonate and the like, buffers or pH
controllers such as sodium borate, zinc ;nitrate and the
like, crystals habit modifiers such as élkyl naphthalene
sodium sulphonate and the like, liquid phgse extenders such
as Formemide, ethylene glycol and the like 'and bulking

agents and additives of common use in the explosives art.
i
i

i

v

55%}0E77

25
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The PIBSA-based emulsifier tomponent of the essential
emulsifier mixture may be produced by the method disclosed
by A. g, Baker ip Canadian Patent No. 1,244,483 dated
November 8, 1988, The sorbitan monc- di- apq tri-
Sesquiolegte and Components of the éssential emulsifier

mixture may he Purchsased from commercial scurce

The preferred methods for making the vater-in-fue]
emulsion explosive Compositions of the invention comprise

the steps of:

(a) mixing the water, inorganie oxidjzer salts and, in
certain, cases, some of the optional water-soluble

Ccompounds, in g Tirst Premix;

(b) mixing the aromatic hydrocarbon fuel, emulsifying
agent and ahy other optional 0il soluble ¢ompounds, in g

Second Premix; and

(e) adding the first premix to the g€2cond premix in g

su1tab1e mixing spparatus, to form g water-in-fyel emulsion.

The First Premix is hesated until &gl1 the salts are
completely dissolved ang the solution may be filtered if
needed in order to remove any insoluble reéidue. The second
Premix is also heated to liguefy the ingrédients. Any type

of apparatys capable of either low or high sear nixing ecan



10

15

20

25

K

26097

be used to prepare the emnlsion explosives of the invention.
Glass microspheres, solid fuels such as aluminum or sulphur,
inert materials such as barytes or sodium chloride,
undissolved solid oxidizer salts and other optionsal
materisls, if employed, are added to the microemulsion and
simply btlended until homogeneously dispersed throughout the

composition.

The water-in-fuel emulsion of the invéntion can also be
prepared by adding the second premix 1iquefied fuel solution
phase to the first premix hot agueous sélutidn phase with
sufficient stirring to invert the phases. Hdwever, this
method usualiy requires substantially moré ene#gy to obtain
the desired dispersion than does the ﬁreferred reverse
procedure. Alternetively, the emulsion 1is adaptable to
preparation by a continuous mixing process where the two

separately prepared liquid phases are pumped through a

mixing deviece wherein they are combined and emulsified.

The emulsion explosives herein disclosed and claimed
fepresent an improvement over more conventional oil/waxes
fueled emulsions in many respects. In addition to providing
the first practical means whereby highi energy aromatic
hydrocarbon fuels may be emulsified with?satufated agueous
salt solutiens, the invention provides ;an axplosive of
superior properties. These include high étrength, enhanced

sensitivity, especially at low . temperstures, variable

Q097
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hardness, resistance to desensitization caused by exposure
to shock or shear, intimate contact of the phases due to

small droplet size and ease of oxygen balance.

The examples herein provided are not to be construed as
limiting the scope of the invention but are intended only as
illustrations. Variations and modifications will be evident

to those skilled in the art.
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CLAIMS

1. A water-in-fyel emulsion explosive composition

comprising:

a) a liguid or liquefiable fuel seleccted from the

group consisting of aromatic hydrocarbon compounds forming a

continuous emulsion phase;

b) an aqueous solution of one or more inorganic

oxidizer salts for

ming s discontinuous Phase; and

i

c) an effective amount of g PIBSAJbased emulsifying

agent .

1o 2. An explosive composition as claimed in Claim 1
wherein said aromatic hydrocarbon compound comrpises
nitrobenzene, chlorobenzene, benzene, toluene; xylene or
trinitrotoluene or mixtures of these.

3. An explosive composition as claimed in claim 2
15 wherein

ap to 58% by weight of the said aromatie hydrocarbon
compound

is replaced by a water~immisoible‘hydrocarbon.

4, An explogive composition as cleimed in claim 1

Wwherein the oxidizer salt is ammonium nitrate.
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L An explosive composition as cl&imed;in claim 4
wherein up to 5p% by weight of the ammonium nitrate ig
replaced by one or more inorganic salts selected from the
Broup of alkali and alkaline earth metal nitrates and

5 perchlorates.

6. An explosive composition as claimed in Claim 1
wherein said PIBSA-based emulsifying agent is the reaction

product of:

(i) a polyalk(en)yl succinic anhydrids which is the
10 addition product of a polymer of a mono-olefin
containing 2 to 6 carbon atoms, and having a
terminal unsaturated grouping with m&ieic
anhydride, the polymer chsain conteining from 3¢ to

500 cﬁrbon atoms; and

15 (ii) alpolyol, & polyamine, g hydroxyamine phosphoric

acid, sulphuric acid or monochloroacetic acid;

7. An explosive composition as clsimed in Claim 8
wherein said composition comprises an emulsifier mixture of
said PIBSA-based emulsifying agent and a mono—; di- or tri-

20 ester of 1-4 sorbitan and oleic acid, or mixtures thereof.

o s gy ;s
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composition as

31

8, An explosive claimed in 2laim 7

said emulsifying mixture comprises
weight of the total composition.

wherein the up to 208% by

9. An explosive

composition as claimed in Claim 7
5 Wherein the said emulsifying mixture comprises up to 18% by
weight of the total composition.
12, An explogive composition as claimed in claim 7
wherein the ratio of sorbitan ester emulsifier to PIBSA-
based emulsifier ig from 1:1 to 1:20.
10 11, An explosive composition asg claimed in Claim 7
wherein the ratio of sorbitan ester emulsifier to PIBSA-
based emulsifier is from 1:1 to 1:10.
12. An emulsion explosive of the water-in-fuel type
consisting essentially of:
15 (A) a discontinuous

phaée'comprisidg 5-25% by weight
of water and from 3@9-95% by weight of one or more soluble
inorganic oxidizer salts;

f

(BY =a continuous phase comprising from 3-25%

by weight
of an aromatic hydrocarbon compeund;

and
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) en effective amount of an emulsifying agent
comprising up to 20% by weight of the total composition, the

said emulsifying agent comprising a mixture of:

(a) an amount of a PIBSA-based compound which is the

5 reaction product of:

(i) =8 polyalk(en)yl succinic anhydride which is the
addition product of a polymer of a mcno-olefin
containing 2 to B carbon atoms, and héving a
terminal unsaturated grouping with maieic
10 anhydride, the polymer chain containiﬁg from 3@ to

509 carbon atoms;

(ii) a polyol, apolyamine, s hydroxyamine phosphoric

acid, sulphuric acid or monochloroscetic acid; sand

(b) an amount of mono-, di- or tri-ester of 1-4

15 sorbitan and oleic acid.

13. An explosive composition as claimed in Claim 12
wherein the ratio of sorbitan ester emulsifier to FIBSA-

based emulsifier is from 1:1 to 1:29.
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