Expl osi ve Conprising a Foaned Sensitizer FIELD OF THE | NVENTI ON The present
invention relates to explosive conpositions and, in particular, to
sensitized expl osive conp05|t|0ns DESCRI PTI ON OF THE RELATED- ART
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Emulsion explosives typically comprise a discontinuous

) aqueous oxidizer salt solution which is dispersed in a
continuous fuel phase. Emulsifying agents are generally
added to the dispersion to stabilize the dispersion.

The addition of additives .to both slurry and emulsion
explosives to modify the performance . of the blasting agent
is similarly well ‘known. These additives include, for
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example, the addition of aluminium or ammonium nitrate to {
the explosive to increase the strength and/or sensitivity of
the blasting agent. |
Of particular interest in the present invention is the
0 addition of additives to create small voids within the
blasting agent, which voids can be used to control the
density of the explosive and to increase the sensitivity of
the explosive. These sensitized explosives were described,
for example, by Cattermole et al. in US Patent No 3,674,578;
5 Bluhm in US Patent No 3,447,978; Wade in US Patent No
4,110,134 and Clay in US patent No 4,181,546.
One method of addition of voids in a blasting agent is
the addition of hollow glass microballoons to an emulsion
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breakage during handling of can be made soft and spongy so
as to be more resistant to inadvertent breakage during
20 handling.' _ '

These soft and spongy gas-retaining agents are produced
by foaming a foaming agent in a thermoplastic resin and
allowing the thermoplastic resin to set and thus entrap gas
within the resin structure. . '

25 However, this route of adding gas voids to the blasting
| Ui agent requires the initial preparation of a spongy or rigid
microsphere structure which is added to the blasting agent.

In situ generation of air or gas voids within the

blasting agent is an alternative method over the addition of
30 gas filled microballoons and, typically, comprises the
addition of a material which reacts in the blasting agent to
generate a gas bubble. This gas bubble is entrained within
the blasting agent by the viscous nature of the semisolid
blasting agent. The generation of a gas void within the
35 blasting agent by an in-situ chemical reaction is termed
within the'industry as chemicalfgassing.
' - Chemical gassing of explosives is well known in the
slurry and emulsion explosive industry. In US Patents
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9208130. 6 3,886,010 and 3, 706, 607, Thornley and Chrisp, respectively,
descri be the use of chem cal gassing agents such as nitrites, weak acids,
hydrazi ne and peroxides in slurry and/®r enul sion explosives. 5 9208130.6
Whi |l e chemical gassing is practised in the industry, its useis limted
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sensitized explosive and can be subject to poor long-term

blasting stability as gas is slowly lost from the blasting
agent.

20 A further route to the production of gas voids within
an explosive blasting agent is described by Curtin and Yates
in UK Patent Application No 2, 179,035, wherein a gas bubble
generating agent is added to the blasting agent prior to or
while the blasting agent is subjected prior to super-

25 atmospheric pressure to dissolve at least part of the gas
present. The blasting agent is returned rapidly to |
atmospheric pressure and, thus, creates a fine discontinuous
gaseous phase in the composition. However, this production
route requires the sensitized blasting agent to be prepared

30 under pressure and, thus, requires specialized equipment
adapted to handle the pressurized explosive.

In light of the problems of the gas void addition
methods of the prior art, it is an object of the present
invention to provide a slurry or emulsion blasting agent

35 which is sensitized by the addition of gas voids, wherein
said gas voids are prepared and added to the blasting agent
by a route other than those routes described hereinabove.

Z=\worddocs \gtc\NEC36932.doc



4 SUMMARY OF THE | NVENTI ON Accordingly, the present invention provides a
met hod of produci ng an enul si on expl osive conposition sensitized by
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Most of the volume of a foam in the gas phase and
typically, the gas phase comprises at least 90% by volume of
20 the foam. ' '
The foam used in the present invention may be produced

by introducing or "sparging" a pressurized gas into a closed
vessel containing the pressurized liquid component of the
foam, mixing and subsequently releasing the pressure on the
25 system so as to create small gas bubbles within the liquid
component. The foam produced can then be added to and
blended into the base explosive composition by, for example,
a low shear or a statlc mixer.
The pressurized gas used to form the foam can be any
30 gas Wthh is compatible with other components of the.
explosive. Preferably, the gas is air, carbon dioxide or
nitrogen but any other gas could be used provided that the
solubility of the gas in the liquid is controllable over the
time and temperature range to which the sensitized explosive
35 will be stored prior to use.

' Bubbles can also be dispersed in the liquid carrier to
produce a foam by mechanical agitation, such as,'for _
example, by a high shear mixer, such as an Oakes mixer, or
by low shear mixing of the liquid carrier to entrain gas

-



exanpl e, by a high shear mxer, such as an Cakes m xer, or by |ow shear

m xi ng of the liquid carrier to entraln gas 9208130. 6 voids wthin the
liquid carrier. Mechanical agitation ’n the process of the present 9208130.6
invention is, preferably, conducted on a non-explosive liquid carrier and,
thus, is |nherently safer and nore effective than a process of 5
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foam. The loss of gas is, thus, related to the 'drainage’
rate of the foam in that the gas volume is reduced as liquid

20 drains from the foam. The stability of the foam can, thus,
be measured by determining the half-life of the foam wherein
the half-life is the time taken for the loss of half of the
gas volume from the foam. The half-life is, thus, an
indication of the shelf life of the foam after the foam is

25 produced.

Control of the drainage rate and, thus, control of the
half-life of the foam can be influenced and effectively
controlled by the addition to the foam of additives which
stabilize the liquid film around the bubble. If the foam is

30 to be incorporated in the explosive shortly after it is
produced, for example, within one to four minutes of
production, foam stability is not as critical as for foams
which are prepared and later added to the explosives.

Additives, such as high viscosity polyisobutylene, act

35 to increase the viscosity of the liquid £ilm around the gas
bubble. Further, additional additives, such as foaming
agents are, preferably, added to the liquid carrier in order
to assist in formation of the foam.

-\worddocs\gtc\NEC36932.doc
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20 Casein is a mixture of proteins extracted from milk

solids or soya beans, and can be used as is or can be

fractionated into a water soluble portion or an o0il soluble
portion, each of which can be separately used as a foaming
agent. The casein used may be totally or partially soluble

25 in the oil but is, generally, dispersable so as to not be

detrimental to foam productlon

‘The stability of the foam may also be enhanced by the
addition of solid particles, such as, carbon black, talc or
other materials known in the foam stablllzatlon art.

30 . Viscosity in the foam can be controlled by the addltlon
of viscosity control agent materials, such as, for example,
high viscosity polyisobutylene, butyl rubber, natural
rubber, bifunctional high molecular weight acids and the
like and mixtures thereof to the liquid carrier which will

35 increase the viscosity of the liquid component of the foam.

Excessively high viscosity in the liquid component of
 the foam, however, is not desirable since the high viscosity
will make preparation of the foam difficult. Thus, an

C:\worddocs\gtc\NEC346932.doc



i ke and m xtures thereof to the liquid carrier which wll 35 ‘i ncrease
the viscosity of the liquid component ,of the foam Excessively high
viscosity in the |liquid conponent of the foam however, is not desirabPz8130.6
si nce the hi gh viscosity will nake preparation of the foamdifficult.
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20 the foaming system can be dispersed or dissolved. The
liquid carrier may take part in the detonation as a fuel or
comprise an oxidizer, a sensitizer, or it may be non-
reacting.

In a slurry explosive, water miscible liquids are

25 preferred. In particular, the most preferred liquid for
slurry explosives is water as a solvent or dispersion medium
for desired additives or solutes.

For an emulsion explosive, preferred liquids are non-

aqueous oils and solvents which are miscible with the

30 organic liquid phase. Most preferred, however, are liquids
or liquifiable materials which act as fuels in the explosive
reaction. Typically, fuels include, for example, paraffin
oil and fuel oil. However, the liquid carrier need not be
perfectly compatible with the continuous phase of the

35 explosive provided that the explosive composition created
remains sufficiently stable to allow adequate storage
stability based on the proposed use of the explosive
composition.
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reacti en. Typical ly, fuels inciude- or: exanple paraffin oil and fuel oil.
However, the liquid carrier . need"not: be, perfectly conpatible with the

conti nuous phase of the 35 expf05|ve provi ded that the expl osive 9208130.6
conposition created renalns,guff|C|ently stabl e t@@%IIOM/adequate st orage
stability based qQn the sed use of the | 0 i conposition. [err]
9208130. 6 Enuf® "gﬁ %@r%@,ﬂr%m%%uﬁsw iﬁg é?geﬁﬂsz%r%t;?-ar?&ry zous
e”U|Si0n&quab&dlemﬂﬂiiﬁﬁgJer will, preferably, contrlbute to the tota

fuel phase pr n JS|on pl

described as a <L§11 c{] e&%’fo‘glﬁé( ﬁgegggg?&gédc ﬁi %Tseeb b‘:el'l‘% t he
prepar at tonaéf fuled fpd;mae mmmt in thedewmilghibn eorpﬂ:\omwa@ndue amount of

liggid u f (o] r z he anount
of Pi qui SoRr oRae oF, MM ed a0 K HOe B R e el ol on

expl osi v@esvﬁ'ébﬁsie dereinnbanRicousn | FR8 Brﬁaa§a§n9nr Ple o ficammy al so

provi de hb%v\éy uqﬂ q d efPawre V@o%ﬂﬁﬂﬁhbéoenev\éinauhi&eoaselmium of a

liquid carrier, a suitable visc Slt such exanpl g,

i Scos ¢ §par 4t the prodintion i vtad orSaR 1 8o penty EinARRLnIRE then al so

be reducanhountelolfmlliajlﬁdi wmttdislg&vallablaresenpremfexmamiqarcnﬁ detse a

gasged e Si osition as described herei nabove wherein the gassing

[ sigchl e§§88 ? ?ill(? &regg’&'%sr]e Yormed foam and of 20 which the liquid in

sai d gas-in-| II‘lpm tisfeoafi @ompm-sepuecus qliquad fngei Bilakiy feoglamide

f oam ng nt,: di S lge,t0o add a
ﬁxﬁlg E% Wgﬁ» %h 10 21 0d %?réh&ﬁé%lobivb th@B‘“éﬁll&

mat eri al acts as a eezing point de ssant and, thus,
make the baseWé%bl&hauﬁﬁiﬁﬁikﬁﬂlQ% 25liquiddrarrings PEam Sudtahle t he

foam ha8vhgeasa@9ed,sum QP! e dkarmPld, tﬁﬂﬁﬁrﬁiéﬁééltyAFﬁx@;ﬁfrﬁd
reezing

t
iﬁZInaﬁggr %ﬁfss%?dhhgﬁﬁg¥£f¢€3$gﬁﬁ¥9 uREEntsGen adso Fﬁ?lene gl ycol

and wat eredacelic oxsed iasimmtedwi d' carrier in
Accordingly, the present invention provides a gassed

explosive composition as described hereinabove wherein the
gassing is achieved by a dispersed pre-formed foam and of

20 which the liquid in said gas-in-liquid foam comprises a
liquid or liquifiable fuel and a foaming: agent.

When the liquid carrier' is water, it is preferable to
add a material to the water which acts as a freezing point
depressant and, thus, make the base explosive composition

25 and/or the foam, to which the foam has been added, more
stable in cold temperatures. A preferred freezing point

depressant is ammonium nitrate. However, low-freezing

point, water miscible liquids or liquid mixtures, such as,

ethylene glycol and water can be used as a liquid carrier in
30 place of water. ‘The foam, once produced, is added to a base

explosive composition, which base explosive composition is
an insufficiently or non-sensitized emulsion or slurry
explosive. The foam is, preferably, added to the base
explosive composition-shortiy after its production, in order
35 to minimize the need to create foams which are stable for
1ong periods of time. It has been our experience that the
use of foams having a half life of greater than one to four"

C:\worddocs\gtc\NEC36932.doc



30 place of water. The foam once produced, is added to a base

expl osi ve conposition, which base exptpsive conmposition is an
insufficiently or non-sensitized emulsion or slurry explosive. The foassiso.s
is, preferably, added to the base expl osive conposition shortly after its
productlon i n order m nimze the need to create foans which are
st abl e“f‘d%“q"tﬁ]gl%e‘??%ﬁ§ab¥-et F-ﬁeorﬂlerhé:@ hesre AR Eiptenentdmehso Mix use of
O T or da0cs nt e\ ECA6683. dop oo ST am oA e desirable in order to
C. / wor ddocs\ tc\ EC36 .doc nu Is desirable.,in or

have suffi ci ?HE 18 nP%e Fﬁga?’ Am ﬁﬁ‘f?d[n eéb?o?‘?%% B¥RHOSEV®N. The
foan1|sompaﬂxﬁzmmybyaddkdwtshehc el el e exchovisquepeachi as, by a Igg sheay:
mgXi ng QHSF u S iC ring -
agéltlon of th %szSPtﬁ r?'gg%nl gug&%ien ﬂgln qga{%c%,sé%ggbﬁgn\:g@e ner el y

di sper FQamhi tthe ferRmbisebrekerosand démp@ns iubblestare meagdy there is
gener aldﬂéﬁ&é@f%iheﬁmnﬁﬁassa%cmﬁﬁl@'&ﬁ@&&#oﬁm rALNeady tional

gas Vvol ds w thin oSl VEé conposit e present I nvent i on,

t hus, &ﬁiﬂ%ﬁﬁFQﬁF%xbﬁogFGErﬁg 1Y 80y i HOriintirRee whesBapicad epr03|ve

corrposlatg:cu'auﬁorant@nyheramneaahatli&alPrgaserﬁﬂds wiehihothg carrier used
L@ Prepar | n- ILQU|d foam which is to be added to 15 t he
@ulsmﬁﬁCP Vmepgsa t88-. Further, the present invention also provides

an expl osi vél‘l'as pbssenbeﬂnhenEanowMemmovid‘es eam| explosioepasi tion is

gas- Fﬁ‘%ﬁ?ﬁﬁ%%f@mﬁ“aﬁ%e“ﬁg*‘%o% b bR b e

wat er . @&p$EBlQéivgnpogrﬁﬁﬁrahianQhetlxqunéncsenierlneedls added

can betaﬁ AR E AN §R8P2HEDUGUIRIILA Uniun! 1y E3PhASLUBed RiLh Pasew
pI05| e co OSJtIOﬂS are described in_the prior art ese base 25
pIosﬁ&? ??dﬁ§Pb€ﬁéY§PI}scén§“§ﬂ -of an oil-in-water or water-in-oi

di spersi on @urthedeons peéubn&nmfveaiu@ﬂ Hrddprviaésdan fuel . The

oxi di zi g&)lsoaélvgaé/s b&egc¥18 ere 1 %vCeOQv ae'Pe:ﬂ? the explosive -
composition is a slurry explosive and, preferably, the
liquid carrier used to prepare the gas-in-liquid foam, which

20 is to be added to the slurry explosive, is water.

The base explosive composition to which the foam
sensitizer is added can be any chemically compatible
emulsion or slurry explosive, which base explosive
compositions are described in the prior art. These base

25 explosive compositions generally consist of an oil-in-water
or water-in-oil dispersion of an aqueous solution of an
oxidizing salt and a fuel.

The oxidizing salt may be any of the oxygen-containing
salts typically used in the industry. These salts include,

30 for example, nitrates, chlorates, and perchlorates. Most
preferred, are salts, such as, sodium nitrate, calcium
nitrate, potassium nitrate, and, most preferably, ammonium
nitrate or mixtures thereof. In slurry explosives, the
oxidizing salt is dissolved in water to provide the

35 continuous phase of the explosive composition. For an
emulsion explosive, the oxidizing salt may be melted, (e.g.
as a eutectic mixture) to provide a liquid which can be
dispersed as a discontinuous phase into the fuel or, more
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salt's typically- Used in the |ndus _
exanple nitrates, chlorates, and.p& Most preferred are salts,
such as, sodlunrnltrate caIC|un1n| ot.assiumnitrate, and, nost 9208130.6
preferably, amoniumnitrate or nixtures thereof. In slurry explosives t he
oxidizing salt is_dissolved.n water to provrde t hes35 conti nuous phase

of the exprekexablynpBaytbendispersad dRlaitde SfbsiFea  CRBCSREFRLSH
sal t naygﬁhé6ﬁ§egolﬁglgn‘ ;@ eutectic mxture) i prOV|de a liquid which’

can be di sper _ phase jnto.th > ., . bor
\ wor ddocs\ gt c\ﬁE%S%’é@% ngse “Qé’og’ﬁ gr’é?‘e’r%b‘?’fl _ :h%'s}l eabggsge’r’a&ed into
t hg)f uel mmmﬂtﬁﬂhrahede@ﬁwi&emlaﬂu and ey Us¢ phassamey alse cany

I d b fu h
sand as SHLEREGET ARG Ehel B0E, Wedl M IR ORIERIBE, o D i e
f oam SuiSwitabhatwateriailscingd udenarislexrsil OWaxe\!;ax‘p%r aparaféiins,
benzene, § é‘erﬁen§¥h Nego18RpeT ?Me‘axfeé)f A el é'éséf'bét%l%h as

gasol i ne, Kerosene an “diesel” fle An enul st on explosive formed as an

embodi rerligfilletes such: asegasolian. kerofenerand diased fHelude

stabi i IZI ntg S%zféaéﬁ@méﬁonsg&?l@%mfé)rfcﬁ?ﬁ@m@s @@mwmefétsegbtha@n
sesqui ol eate and a i, sobu cinic an ase

surfhict aRTeSeRE 1BV RREIG o B %ﬁ@m 4189 ’dia‘r“g%eég?‘ﬁ é};{ﬁéﬁlﬁan Pat ent
No 1, 244, ASf4Bokrts, stiehewer,, fbr examplesurd aniamirefofissorbitha enul sion
expl osi ve o] I b t he present
| n\F/)ent | onsgmﬁﬁgggbfggg % \?83 S’E%r?%&é;ﬁ‘uq{s’%lf%ér)ésa%a%eg Hzagéegcrr beg I n
detai |l in(RIRSA) tbaaedr suafidcitasitude THage RIBSA hased csusfaprantsefng s,
sucl as, SbLIB0ASEAILAALEALS FARC afb TP/l £6S ©(BERER) L ANHowever,

nono- al mtate sorb nono- st earate ana sor |tan tl‘l stearate t he nopno-

and-%i - garry:cewra%eceanrapff YEf A@ fthe Prelekon ¥Rl RS BEF Ry 2%

derivati \@e@ftéa?@éparesme 2 lisSi Gty lbeesiged Dh 28e prbkaeakin fatty
acids, m xtures,of higher nolecular weight fatty al cohols and wax estes,

ethoxylai%RF?%&%?nethers such’

Many suitable conventional emulsifiers have been

aLts |nclude 30.% for

-e.-

described in detail in the literature and include, for
20 example, sorbitan esters, such as, sorbitan sesquioleate,
sorbitan mono-oleate, sorbitan mono-almitate, sorbitan mono-
stearate and sorbitan tristearate, the mono- and di-
glycerides of fat-forming fatty acids, soya bean lecithin.
and derivatives of lanolin, such as, isopropyl esters of
25 lanolin fatty acids, mixtures of higher molecular weight
fatty alcohols and wax estes, ethoxylated fatty ethers, such
as, polyoxyethylene lauryl ether, polyoxyethylene oleyl
ether, polyoxyethylene stearyl ether, polyoxyalkylene oleyl
laurate, and substituted oxazolines, such as, 2-oleyl-4,4'-.
30 bis-(hydroxymethyl)-2-oxaze1ines. Suitable mixtures of such
conventional emulsifiers may also be selected for use,
together with one or more modifiers, in the compositions of
the present inventionm.
Accordingly, the present invention provides an emulsion
35 explosive comprising a continuous fuel phase, a
discontinuous oxidizer phase and a surfactant for
stabilization of said emulsion which emulsion has been
sensitized by the addition of a gas-in-liquid foam.
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as, polyoxyethylene lauryl ether, polyoxyethylene ol eyl ether,

pol yoxyet hyl ene stearyl ether, polyoxyal kyl ene ol eyl |aurate, and

. substituted oxazolines, such as, 2-ol &}l -4,4'- 30

bi s- (hydr oxynet hyl ) - 2- oxazol i nes. Suitable m xtures of such conventi onal
enul sifiers may al so be selected for use, together with one or nore

modi fiers, ihe kA OAPASIHlEeEves EbemBBCS@Ntar ranamdmeni\c@@relhégly the

present inventi,on provides an_e Si v r|5|ng a
cont i nBE§8Ake "Mﬁ?%tem%' CPE%%?IM%EXUS""@? dllﬂﬁyl%f% eiesd “urfactant for
st abi | cnatmuﬂla.ﬁugsaa’dﬁ:amﬂm pnsubhcasemiilosi @xamgsl heaquaenintozddrby t he

addi ti i | ' ke efeleis)} 6 THe.
slurry EB 3 (‘):g‘le\%%} fegbr ‘} ﬁﬁn&ngcﬁ}ar%e%?‘bmsqh r%ég%l%\lEﬁvéﬁgrggﬁ 3
p? ef er ﬁbﬁy gag| y@hdﬂ:lﬁi’é@“vﬁ&%oﬁ@@ ¢Bnthel Islai@!d?cicﬁqdr explagivieas, for
exanpl gorfiedr, in order to increase to viscosity of the explosives so as to
entrain 5 t he as voi ds fronlihe foam.in the sensitized expl osive

formed. The T&EISRIRSENRAMRPBHEIORS: RE SHS BT SR ARG LGN 2N

conpri aes@d@otnpmade aiiit Vesal OaQﬂinamoesothwﬁHandmm:prmifyesnef t he
use o t hese .addif,i ves is onnDnIy

| .
nown: BFEREFEEE /o0t 2 FoBELe 5L AR LAY PORE e DAY 1 0PHBES and
@nsi t these addidrlvesididedcormmendyskoown withias the explogivésrrosilicon

TNT, A&'nd?@@zap%m aﬂ‘?c#dlfe'&l‘fé sgi’i&hﬁbge%d%rfd %s%ﬁ%&éﬂ ng agents,

such as ass m cr ob oons be used in
conbi nSPMBRNAY: @ qﬂﬂf?ﬁuﬁ@%ﬁs%ﬂﬁsprégéﬁtaﬁnvé%ﬂmﬁ?1W%ra further aspect,

t hel pr c&e&bslllrl\iemn oluy L Yo N, Q!Aﬁ?SPBTNEtah@d thfe MHIKE ACIRiTtgeR, SeBSI ti zed
enul sio pOSIVEC 0osSition co I‘ISII’I arin a pase

ol of GG R A 29 RES oo Blb B8y S PHTEreL 9Hafe e o T
1% a Imqam@baiﬂounsflmayealmelbeousbﬂ énulcembjiinag ion iwitll thel i qui fiable

fuel ip di zer salt; preparing an essentially
gas-in- quU|%'foam égéﬁ!]fﬁvgﬁtgéh carrier I|qU|d wi th a foam ng agent=to

forma foanil®ga further aspect the present invention also
provides a method of manufacturing a sensitized emulsion
explosive composition comprising:

20 preparing a base emulsion composition by emulsifying an
aqueous solution of an oxidizer salt in a liquid or
liquifiable fuel, or by emulsifying a liquid or liquifiable
fuel in an aqueous solution of an oxidizer salt;

preparing an essentially gas-in-liquid foam by mixing a

25 carrier liquid with a foaming agent to form a foaming
solution and subjecting said solution to mechanical
agitation, such as in a high shear mixer, low shear, or a
static mixer, or other mixers known to those skilled in the
art of foam manufacture, or to a pressurized gas sparge, or

30 allowing it to foam by chemical reaction in the foam system;
and

blending said gas-in-liquid foam into said base
emulsion composition to render it functional as an
explosive.

35 In a still yet further aspect, the present invention
also provides a method of blasting which comprises placing
an explosive detonator in operative contact with an
explosive and detonating said detonator.



_sol ution and subjecting sai'd sol ut hani cal agitationi- such as in a

hi gh shear m xer, | ow shear, or , or other mxers known to
those skilled in the art of foam man tore,” or to a pressurized gas 92081306
sparge, or 30 al | ow ng it to foam by chem cal reaction in the foam

system and blgndin urd f.oam. i.nt os'sai d base. enul si
conposition to'ﬁf JdrgY {"1? n‘ﬁ'#gn W t’ aﬁlegﬁf g)sq%}y Y of exaxpgf(ei still
yet furt loerlygspeith reﬁepensantm nhenfpdﬂoaﬂ:mg : "'pﬂ@a nmet hod of

cing an expl osive detm’fat or in operative

bl asti ng ri ses plHEci O
cont act ﬁ%ﬁ_‘;‘g& osi've ‘and detonating said detonator. - = 9208130.6 The
i pdention wil 1A febe (@Bseil hebagpdngpandngx Saliut o wasiPFepaFednce t o

thesfollm 59 the ¢SipostedbhEshofnl 48l Ta®1e0i1l) mcbéﬁééﬂl@&gém ution

was prepar.ed havi ng the conposjtion shown i.n Tabl Al'l percentage
i gur eo’ SHEHFER TR RS LHSTErGh: DHnNELIT NGRS QUHFREIER. TABLE 1.

O | Basedddiatdated Sol ution 10 Liquid carrier Paraffin
oi | 5% gent Casein 1.5
Foam ng 2?91 Effmga ed ¥ olution 3.0V scosi ty control
agent rUI yl OUbuL yl UIIC P. C J.\J

10000 * Herfiqwid neardienrfactant and bubBeaadifdnl aider A f am 8&s5%r pduced

by spargi ;g&mng)a#ﬁ%tsol ution 20 wi Casgigy essuring stfeambi5ni{rogen

gas. A f apingrageried having a gas voFGT403f greater than 903% by

vol urre, ¢ fvdﬁrﬁ%%Yt‘}O%‘FrgllégﬁﬁF afd a RelyisoRitylaner |han @50 ni hut es.
EXAMPLE 2 A water based foam n¢g sol ution was prepared ha&&‘g’th

coﬂrﬁosition as shown in Table 2. TABLE 2: Water Based Foani hg wWioh

Liguid carr) %erfluorlnated su1¥\§ac£ant and bubble stabig.l.:.zer

)

1%

A foam was produced by sparging the foaming solution
20 with a pressuring stream of nitrogen gas. A foam was
produced having a gas volume of greater than 90% by volume,
a foam density of 0. 129/m1 and a half life greater than 45
minutes.

25 EXAMPLE 2 _
A water based foaming solution was prepared having the
composition as shown in Table 2.

TABLE 2: Water Based Foaming Solution

<0 Liquid carrier Water 69.0%
Freezing point Depressant Ammonium Nitrate '25.0
Foaming agent FC751* . 3.0
|Foaming agent Casein (water soluble) 3.0 |
35 . : . - 100.0

* A short chain perfluorinateéed amine ester mixture
surfactant and bubble stabilizer

40 A foam was produced by mechanlcally agitating the
foam1ng solution in a high shear mixer. A foam was produced
having a gas volume of greater than 90% by volume, a foam '
density of 0. 04g/m1 -and a half life of greater than 30
minutes.
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Freezi ng poi nt Depressant Ammonium Nitrate 25. 0 Foam ng agent

FC751* 3.0 Foam ng agent Casei n (water
soluble) 3.0 35 9208130.6
100.0 * A short chain perfluorinated am ne ester m xture surfactant and

bubbl e stabilizer 40 A foam was produced by mechanically agitating

t he foJBXAMPEE| 3cbon in a high shear mixer. A foamwas produced having a
gas vol ume ofm@18abar ekiplodsiVé Bompdsieions f ceRpotstnyyanf 0d10bg/sdd and a

half life of greater than 30 m.nutes. C._\word g 32. doc

9208130fF BaBXK EEP§9§’aEr‘?& ﬁcﬁ?tgﬁﬁf%srf?/et%%ﬁﬁgggﬁgngﬁ%\)‘%ﬁ?&'ng an oil .

]?asedl f Ravingr ehpr €pamalatdonsliser taut hin pTablet 3i.nvént e86h havi ng t he s

mul at i ons.set t o n Tahl i n&X fie Ma®hbaa@neas -

pro%par eﬁxﬂgsédi.ﬁgﬁt gogﬁlewr%‘eﬁet%(fpaa{n%fg%%?g?llg ggpgef o%t I n Exanmpl e 1.

The oxi fiorenlasionuasd set Owsde&rameke whs anmoni um nitrate or an

ammoni um ni tg'ﬁlee/o PRI 1H &R it SenE8akkhiiplies Was an@idriiaim t he o |

phase in each exanple 10 and a suff|C|§nt “ampunt . was .,added to produce a

sensi t | Ré§TaRE SToATe AFIMER IR Witratespediym BiETphgs A Sotal oil

pggsg i ncl Edﬁ'&_rl%lﬂfﬁ.@ﬁ&ﬂm wad nussd hf 6 aphe eoilhphasiediine eashl texamiple on was

added to the oi se .containing a PLBSA bas rfact

stP bi taﬁngeélqﬁpélfgﬁs&nrﬁ M@%% #&?ﬂgggnsgpggrceto% %;é})n uc’?:g.z;egi enul si on

expl o|S| emulBlomlexpldsive Aieh e Seprotal uoihgpheseshe Thenitatiag ol

Exampl e n hi gh shear m xing. The foam was di spersed

into théhgﬁ% g‘f‘%&@fﬁ (F)Hv‘\'/ﬁ;ﬁie‘g‘?aﬁn%’% ng. 20 The sensitized emul sion

for each exafpl eas eiample. rthe a?&lsdb?-esosﬁﬂﬂqtc_éptlluitd_@é‘ washafded o test
the bl aghl Rgerlisly iphae (dnExphoRG Ve PTBSADbaBEd GuIEdldtantfamnch ~
conposi t1on was neasured det er m ni n% ttie .cap.size nee% t o t__det onate the

25 cappbditarpfesaminleate mixtuse KRl epmiXing it QX9 Qap
produce an emulsion explosive. Examples 3 and 4 were
prepared using low shear mixing and Examples 5 and 6 were
prepared by high shear mixing. The foam was dispersed into
the emulsion by low shear mixing.

20 The sensitized emulsion for each example was placed
into a 25 or 50 mm cartridge in order to test the blasting
ability of the explosive.

The blasting ability of each composition was measured
by determining the cap size need to detonate the

25 composition. Thus, in Table 3 under blast results, the cap
size used and the blast result for each example is shown.
Where measured, the velocity of detonation (VOD) for a
successful blast is indicated.

Examples 3 and 4 are typical of products which would be

30 sold as "bulk" blasting agents and, thus, cap sensitivity is
not expected. Examples 5 and 6 are typical of packaged
products and cap sensitivity may be desirable. 1In all
examples, explosives could be prepared using the foam
sensitizer which had acceptable sensitivity for industrial

35 use.
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size used and the bl ast result for . qple |s shomn -Wher'e neasur ed,

the velocity of detonation (VOD) forfa Gegesst bl ast is indicated.

Exanples 3 and 4 are typical of productSemh’ch woul d be 30 sold as 9208130.6
"bul k" bl asting agents and, thus, cap sensitivity is not expected. Exanples

5 and 6 are tzplcal_of packaged oroducts and cap sensitivity nmay be

desi r abl | oD EQFMed, SXP OSHYRE usi ng t he foam
sensi ti zgr—whi-ch—had ecrﬂét l =t e AT [err]
9208130.4 TABLE 3: Pl asti: Results of Foamat bt R ast:
Results[erEx]anli)dzenﬁe AN/ vatent | r[err] | 2.3 PETNSBEERMY/ =811 |n1 s4
%phase[err] Foam 3.GPa Delnssey = 1. 07 g/ m 50 mm di aneter 10 Exanpl e
4 AN wdter[err]. Foam 3.3% 0. 78g/3800 nEs G| phase[err]
2.39/479qQ m's Foam 3| Memeheyty *.0708/83 my di aneter 15 Exanple 5
AN/ SN/ watler[err] 50 mm dpamgt®oD 4100 fis O | phase Foam 3. 7% Pensity
1.13 20 _ 3—nnrdra§ETET-ExanprE‘6-—ﬁ$rs\vmurer
0. 38/ 415 E¥eIR3de HhpRANAREES. 5% 138HD ™ 25
Densi ty 1l 14 25 m df &bt PLIBEEr 1 month @?2[3&&@06“ /4000 n$ after
2 nonths |[@22[err]C g%&}lﬂl o $ 39 after 3 nmonths{@
22[err] C| 0.3/3950 nf ensity =
50 mm diameter _
15 . -
Example 5 AN/SN/watsr 0.2g VOD 4100 m/s
0il phase
Foam 3.7%
o Density 1.13
=0 25 mm diameter
Example 6 AN/SN/watg_r3 0.3g/4150 m/s
0il phase ' . -
Foam 3.6% ' 0.2g/4050 m/s
25 Density 1.14
' 25 mm diameter
after 1 month @ 22°C| 0.39/4000 m/s
after 2 months @ 22°C| 0.3/4100 m/s
30 . - after 3 months @ 22°C| 0.3/3950 m/s
1 An 81/19 mixture by weight of ammonium nitrate and
water having a Fudge point of about 60°C.
2 Paraffin oil (4% of totalﬂexplosive weight), a PIBSA
35 based surfactant (0.66) and ‘sorbitan sesquioleate
N '(0 34%) mixture was added to prepare an emulsion
exp1051ve having a total oil phase of 5%.
3 A 77/11/12 mixture by weight of ammonium nitrate,
 sodium nltrate, and water hav1ng a Fudge poxnt of
40 ~ about 75°C. _
4 Blast results are shown as grams of PETN in the
detonator used for detonation, and the VOD for the
resultant explosion. '
Stability of the product produced was measured by
45 storing the explosive composition of Example 6 for 3 months.

As is shown in Table 3, the composition had an acceptable
VOD after 3 months storage at 22°C.
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An 81/19 m xture by weight of ammoniumnitrate and water having a Fudge
poi nt of about 60[err]C 2 Paraffin oil (4% of total explosive weight),
a PIBSA 35 based surfact ant (6?66).and sorbitan sesqui ol eate  ¢208130.6
(0.349% m xture was added to prepare an emul sion explosive having a total
oil phase of 5% 3 A 77/ 11/ 12 m xture by weight of ammniumnitrate,
sodi unEXAMPIES 7 and wat er having a Fudge point of 40 about
75[err]C. 4a » " I r S Pégl;#' t qQnat or
us[ed fl)r d tz\ondtaipﬁi, and %ﬁm\%d% (E)!rgw??{% ﬂgﬁﬁspxp oiéﬁ')%.gasggblgﬁ ty of
t he prB&Elcﬁaﬁre%deé?d“wa‘ﬁh stPRW WisSsprepared afy ithExampberfe was N
conposprepared heanie thé of oBl6wihgs formulatdlmn in Table 3, the |5
cgnposition had an acceptable VOD after 3 nonths storage at 22[err]C. C
\morddocs\gtc&NECBG%ﬁgﬁﬂRﬁ” 2208130. 6 EXAMPLE 7 A "doped” emul sion
expl osi ve whi CH mas(?fg 2&3 by an oil bﬁg@d foam which foam was _
prepared as in Exanpl'é %, was prepared ing the follow ng formulation:
5. AN/S@&Wate”ﬁﬂﬁénfaﬁ RPesgée 68%ii. Ammonium nitrate
T it 3epiii.  Foam
3% Density 1.18 g/n” 100 nmdianmeter 15 2 Paraffin oil (4% of total
expl osi ve waight), ad3dnBSA based surfactant 3g0. 66) and sorbitan .
sesqui ol eate (0.34%pefisdty €1 VB8 gdMed to prepare an enul sion expl osive
having a total oil ploremidbdmeg®r3 A 77/11/12 m xture by wei ght of
Bsmoniumnitrate, sodiumnitrate, and water having a Fudge point of about

2 paraffin oil (4% of total explosive weight), a PIBSA

based surfactant (0.66) and sorbitan sesquioleate

(0.34%) mixture was added to prepare an emulsion "

explosive having a total oil phase of 5%.

20
3 A 77/11/12 mixture by weight of ammonium nitrate,
sodium nitrate, and water having a Fudge point of about -
75°C.

25 The explosive in this example was prepared by first

emulsifying in a low shear mixer the AN/SN/water mixture in
a paraffin oil and surfactant mixture. The emulsified
mixture was, subsequently, mixed with ammonium nitrate
prills to produce a doped emulsion and the oil based foam

30 was added to sensitize the explosive. The doped emulsion
had a VOD of 3970 m/s when initiated with a 40g Pentolite
booster charge. The sensitivity of the doped emulsion was
industrially acceptable for larger diameter applications.
EXAMPLE 8

35 A Heavy ANFO explosive which was sensitized by an oil
based foam, which foam was prepared as in Example 2, was
prepared having the following formulation:

i. AN/SN/water3

40 0il phase? 50%
ii. Ammonium nitrate
prills 47.5%
45 iii. Poam 2.5%

Density 1.25 g/ml
100 mm diameter
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75[err]C. 25 ~ The expl osi v exanpl e was preparéd by first

enul sifying in a | ow shear m xer fhe:AN‘SN:@mater mxture in a paraffl n oil

and surfactant mixture. The enul sified m xture was, subsequently, nixed 9208130.6
with ammoniumnitrate prills to produce a doped errulsion and the oil based

f oam 30 was adde@arafFEisidie(4hoXxpdsl veéxpldstvaowedgtin) ,sizon had a

VOD of 3970 nml's whePIBSA baigwl veéulEsc ot Pemes)tanaossu:butelmrge The
sensitivity of the depquh'__f gieon( e ndubktune | ye Qadrltadblt@ fparepaarayer

di aneter applicati ons. cEAINH &85l osive haw.lbgaa'y axBD eddl ghiase which

was Sensitized by anfOlSI% .based foam which foam was prepared as in Exanple

[ei@] was prepared having the fol-lowing fornulation:. i. Al\VSI\I/vvater3 40
- Ol phase2 A 77/11/12 ggigtyre Wnﬁﬁré@@oﬂﬂ-m aitrate,
47. 5% 45 i | podipgymitrate, and water having angn;}ggemltg): b5

g/nd 100 nm di anet eAPP¥E 175°C.0208130.6 2 Paraffin oil (4% of total
exp"rQ)S| ve weight), a PIBSA based surfactant (0.66) and sorbitan

sesqui ol eat e (@h84%cprmst1ufee ma:hmoaeh:ﬁpl@rmrprapaeéul Biyo'f g osi ve
havi ng a t ot i 1/12 J0.xt ur e by

ha
e &R PR3 2 1o hern mindh SHS AySu vaber iR S,
of about Z5paraff€inloilhamnk@wfiactdnt tﬂmxtmarrpl'@he/aempﬂ.eﬁinasﬂ by first

emul si fyi i r I affin oil
and sur?a‘gigxb?r ?ur’e%%ﬁs% |e'@¥§§{%$%ﬁm%@éhggﬁegggnﬁ% m xed
wi t¥P ammoP¥ Lkl A EPapFogmCe qorHeaw tANED rEREOS1YRa3)AANRS edd #AsRd and
the oil bpssl ¥28MaWARAGLS Gdril SOl lHE K61 6XPVESI Vehe EBREEOPE

W, emulsion had a VOD of 3300 m/s when initiated with a 40g

Pentolite booster charge. The sensitivity of the doped
emulsion was industrially acceptable for larger diameter
20 applications. _ _ :
Having described spe¢ific embodiments of the present
invention, it will be understood that modification thereof
may be suggested to those skilled in the art and it is
intended to cover all such modifications as fall within the
25 scope of the appended_dlaims.
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ermul sion had a VOD of 3300 Ms when initiated with a 40g Pentolite booster
charge. The sensitivity of the doped enul sion was i ndustri alty acceptabl e

for larger diameter 20 application&? Havi ng descri il

enbodi ments of the present invention, it will be undﬂﬁww‘”‘mml‘

nodi fication thereof may be suggested to those skill ¢ Lhewars and it is
i nt endERAIMScover all such nodifications as fall within the 25 scope of
t he appended cl ai ns. C.\worddocs\ gt c\ NEC36932 . doc 17 CLAIMS 1 A

met hod of producing an_enul sion expl osive conposition sensitized by

di spersédd gés MR 0L \PEPAVALIRHeaga §MHAHOIS exPlogiee | ¢RFBRBLEHOR0 sai.d
enul si gen@iRliGd/ oy APSeEE68 §isTbubhl e ,Jdhereid hdl Jaanbubblean X
eguIS|on expl osiyve ¢ ositign mhireb¥%the | i qui d of said foam becones part
of a I Pg&i & FI 1 HR HEH sPBHIRACHS £XPHO8YE (TP HRE: 13 Becomes a

di sper mioingf ssayes tini hixpghd bHobil dation asniethullsion expkosivexpl osi ve
conpositl.on. . .2 s f dygi a l;QSi | 1] ainmed in
Claim %B\kfl\ﬁersé'ﬁ:nl%@]{gl)%%’lg% %gsg?gﬂg'gs[&ifﬁé%ll(%i o?n?ﬁg%hn%ér f@%géagki quid or
| i qui f raBiauiige|phare sof otire ngmul siongywhild st3 thengamdinisptddieamg an

expl 0SH¥@RIB QS I di ffe ASi &h 3 FEHehB i B3 Mg gt ivbes dih 08gi 89 agent is
casein or _a perfluorinated surfagtant or & mxture thereof. 20 4 A nethod
P pr o8OLSY Ofh LIIRIVR COMPBEAEROR as claimed in Claim2 additionally
conprising a viscosity control agent. 25 5 A nmethod of producing an

expl osi ye Go | tion.as. cklai LN Lm 4 _wherejin |d visgosity contro
agent i é pg\ ﬁeg%b?ﬂ y?%@r%¢38ﬁ§| apug@}'osgv%]r%ﬂ%of:gﬂl 1¥0 %ci ng an

expl osicleigeddsi tClaimsl 3gherethakived lilgqudidaiim Baddrgas- ihel igqyddd in
sal d 03%ah!ddrit thd @ £0qRLL>82 13100 3012 'R Yhd W@ oarfi Ag et hod o
Produ0|ng an expl osive conposition a

5 agent. ,

3 A method of producing an explosive composition és
claimed in Claim 2 wherein said foaming agent is casein or a
perfluorinated surfactant or a mixture thereof.

20

4 A method of producing an explosive composition as
claimed in Claim 2 additionally comprising a viscosity
control agent.

25 5 A method of producing an explosive composition as
claimed in Claim 4 wherein said viscosity control agent is
polyisobutylene or butyl rubber.

6 A method of producing an explosive composition as
30 claimed in Claim 1 wherein the liquid in said gas-in-liquid
foam comprises water and a foaming agent.

7 A method of producing an explosive composition as
claimed in Claim 6 wherein said foaming agent is water

35 soluble casein, or a perfluorinated surfactant or a mixture
thereof.



clained in*dai M wherein.said foa is mater soluble
casein, or a perfluorinated surfac ‘xture t Wﬂmuu m,uﬂlnet hod
of produ0|ng an expl osive conposition as med in:

gas-in-liquid foam additionally conprlses a free2|ng poi n dépﬂes§anf 5

9 A nethod of producing ag: epr05|ve .conposi tionskn Caim8 wherein said
freezing Boi At masdad ahtpy edigpdig | a4 SKP @EévelgomnﬂﬁﬂﬁiPnﬁa%rodUC|ng an

expl 0si ve16QmRsifd QM £5m 16 whefd fh r@éha Ng&kak g ‘éf&@.rcielffbaiﬁl d expl osive
oxpdi zing and a,fuek=11 A nethod of

coO (0] t CQ e an |
| "3u§: B AR, GORARSS | DrE RS £ A9 nBaIPH BERERSBARTer ol n sai d f oam

cqnprlses a I|qU|d 15 carrier mscible with the [iquid phase of the

emuLsi on. Lve. 1 din
Qe m s ey & MO ook ASTHELRG £ SKRLOSLVE RETRI R 35 e S

g/ m . 2081%hexednt laadidffrrexiing rRoHmt ed@png*ssencodcpogmnmm claimed in
Caiml phereiy said gas-in-liquid foamconprises at |east 90% by vol une
gas. 25 14 A net hod of produci ng an expl osi ve conposition as clainmed in
Claim 13 wherein said gas is carbon dioxide or nitrogen. 15. A method of

produci ngoan aexidtfdd/ S PRABIdi R &5 SPplostlal &adzpbm@lamnaﬂs wher ei n said
' ' eater than 4 nutes 16. An

gaszin-liqui,d foamhas a foamhalf |ife. of

rrfl?m on EQ&F‘&Q V& SO b e n%%%de’éﬁiBFa"ﬁchB‘PQﬁg% P of claims 1
to 15, andmpaimdassiang aidbmirsy b &d a fuednti nuous fuel phase, a
di sconti nuous oxi di zer. phase and a surfactant for stabilization of said
emul sion, and blended therewith as a sensitizer, a pre-formed gas-in-liquid
f oam 117, Aamesthest of HEQQHQ&nSHaan%P%@%BV?lE@@P@ﬁ&¢§Q¥1ﬁ§qﬂ05|ve

cQuposi t LPRIGRRAPHISII%Eim 1 wherein said foam comprises a liquid
15 carrier miscible with the liquid phase of the emulsion.

12 A method of produéing an explosive composition as
claimed in Claim 1 wherein said gas-in liquid foam has a
density of less than 0.2 g/ml.

20

' 13 A method of producing an explosive composition as
claimed in Claim 1 wherein said gas-in-liquid foam comprises
at least 90% by volume gas.

25 14 A method of producing an explosive composition as
claimed in Claim 13 wherein said gas is carbon dioxide or
nitrogen.

15. A method of producing an explosive composition as
30 claimed in Claim 1 wherein said gas-in-liquid foam has a
foam half life of greater than 4 minutes.

16. An emulsion explosive obtainable by a method according
to any one of claims 1 to 15, and comprising an emulsion of
35 a continuous fuel phase, a discontinuous oxidizer phase and
a surfactant for stabilization of said emulsion, and blended
therewith as a sensitizer, a pre-formed gas-in-liquid foam.



preparing a base enul sion conposition by enulsifyin ti-on of
an oxidizer salt inaliquid or 5 I1i9qui fiable fu?“ﬂi“mwm MWE\“\V' ng a
liquid or liquifiable fuel in an aguedls solution o IEEers sa

preparing an essentially gas-in-liquid foamby mxing a carrier liquid with
a foam ng aggnt to forma foam ng solution and subjecting said solution to

nechanildal methed ( @f | BANUSACERTANG, as SENSAdd ePat§&Onor al | owing it

to foarxp sutiare C@émp@élstieﬁ bampbssflﬁgm system and bl ending said
gas-in-liquid foaminto enul si on caqP05|t|on to reeder

Piinet fonal SESHREkRT o Gane | 8RREsR SRBr e A Y NS ObRD VPG R aci ng-

an exphmnenuskﬂm&umrmnlofoparaxudezemnmadm\mntazﬂnqupdoerve as obt ai ne

by a gl o] | nat i ng
% o aatoRaoriolg el GEPRE nficdEyTel PR 1qufd BE HRaRTRsARRN |
explosﬁM@kﬂHﬁﬂ%ﬁnaq¢¢9u§559é§§ipﬂe9flﬁntM¥#§&ﬁ$#e%a%tto 8 herei nbefore.
25 é%?&ﬁﬁ@naﬁxébﬁéhEQaQQypgﬁéJﬂﬂlE%&EE&'ﬂ&a&0b§nﬁlﬁﬂﬁgoﬁ.the
Exanples , her ei nbef ore

carrler liquid w1th a foaming agent to form a foaming

solution and subjecting said solution to mechanical
10 agitation, or to a pressurized gas sparge, or allowing it to

foam by chemical reaction in the foam system; and

blending said gas-in-liquid foam into said base

emulsion composition to render it functional as an

explosive. ' -’
15
18. A method of blasting comprising placing an explosive —._,"
detonator in operative contact with an explosive as obtained
by a method according to claim 1 or as claimed in claim 16
and detonating said detonator.
20
19. A method of producing a foam-sensitized emulsion
explosive substantially as described in the Examples 3 to 8
hereinbefore.
25 20. An emulsion explosive composition according to any one

of the Examples 3, 4, 5, 6, 7 or 8 hereinbefore.




