2131707 EMJLSI-ON EXPLCSI VE COVPOSI TION This invention relates to an

expl osi ve conposition and, in particular, to an.enulsion e&BIOS|ve

conposi tion of the kind conprising a discontinuous 0%2 % Qhase 5

di sper t hroughout a conti nuous fuel phase which is Su stantlally v
imm sciol e with the discontinuous phase. Commercially available enulsioﬁr
expl osi ve conpositions generally conprise an external or continuous organic
fuel phase in which discrete droplets=of an 10 aqueous sol ution of an
oxygen-suppl yi ng source are di spersed as an internal or discontinuous
phase. Such con305|t|ons are conventionally described as water-in-oi

emul si on exBMBEFLEN cBRBEIF I B SOMERARITAAMp] es thereof have been descri bed,
inter alia, in Ufhpat envenBidd 7rdlB8tedSto3an7dxPl8sige7ZOmpagition04 092, 4

111 727, 4 1ﬂ% gigdsigFl%%ggr?lﬁo E reﬁ& é?&ﬂ'é?g}b%%béoeémbBELWQBRF

content of % se’o e enul'sion explosive may be conpletely
el imnated of thelkind cempriding a ﬁbﬁFP@?éF“O“FoPXQQlséiaﬁﬁﬁée to | ess

‘than 4% by welLgbtsed Ei@?o&eﬁahteémééhemnﬁeﬁmﬁu&lOphaSHCbhﬁeﬁpasltlons are

conventi ona referr

expl osi ves %H SHQVElﬁggﬁ H%%E??b%& Vﬁ?értgfl 15°ﬂ“%§“§§?eﬁ§“3§%22 644. 25
The tern1"enuIS|oomm§pbbalyp ewapbableoemuISLDBrexﬂébseVEenployed to .
enbrace CO”E8§§&§99 QQSQrS “@Bﬁbr&QeOhh(EﬂekknamdQEEEbnkanQbhefuel)

types. Enul Sro oSl Vv tlons may be manufactured _for a variety of
bl asti ng apprGQE@Foﬁgehnﬂhﬁﬁ? %ﬁryhiﬁh361FSFﬁFFr€ﬁPH e%5- 8ndhti ve d

COWHPS'lbonaéﬁé@ﬁgbbélhBLSHHbE an oxygen-supplying source are e?a
dispersed as an internal or discontinuous phase. Such o -
compositions are conventionally described as water-in-oil
emulsion explosive gompositions, and -examples thereof have
been described, inter alia, ih us pétents 3 447 978,

15 3 674 578, 3 770 522, 4 104 092, 4 111 727, 4 149 916 and
4 149 917. | ' |

For certain appl1catzons the water content of the

oxidiser phase of the emulsion explosive may be completely
eliminated or at least reduced to a low level - for

20 example, to less than 4% by weight of the total emulsion
composition. Such compositions are conventi ionally
referred to as melt-in-oil or melt-in-fuel emulsion

é& explosives and have been described, inter alia, ir (
‘US patent 4 248 644. ' ' i
25 The term "emulsion explosive composition” is

hereinafter employed to embrace compositions of both the
water-in-oil (fuel) and melt-in-oil(fuel) types.
Emulsion explosive compositions may be manufactured

for a variety of blasting applications and may vary in

30 form from a cap-sensitive composition detonable in small
diameter charges to a cap-insensitive composition intendeé'
for detonation only by btoostering in large diameter
charges. = Such compositions may be produced either
continuously or batchwise using a variety of medium-to-

35 high shear mixing apparatus, homogenisers, in-line



di aneter. charges to a cap-insensitive conposition intended for detonation
only by boostering in |arge di aneter char ges. Such conpositions be
produced either continuously or batchw se using a varlety of nedlﬁﬁ§¥ 35
hi gh shear m xing apparatus, honogenisers, in-line -2- notionless <%
m xers,™and the like, which mxers effect a distribution in the continuous
phase of fine oxidiser phase droplets having a typical size range of from
about 1 to 10 microns [err] In order to achi eve such fine droplet 5

di stribution the inclusion of a suitable emulsifier in the mxture is
deened essential. The enulsifier is selected to pronote a subdivision of.
the-dropl ets of thmot&bmﬂexs mﬂxaﬂsguuhdﬁth@eﬂdmmn wheérchofmixersheffonti auous
phase. In addition @EQH r stiga 1 | ar
coating |layer on t e surtace of hteﬂecsir ee?\s("%% %g‘?éb Bf % ggegftgglkgggnt
breakdown of the cPRRse diFQB/lQ%ﬂtﬁ‘ﬂfWg acdé’lpéé-‘@én@ézénd'aaggl gfefremopbent 1

the droplets. In thg I@Ir@i@gbris ed;ﬂn)of mu%a%rslt@r uawheépbogu&aswﬁeuaaspyée

and use, a techpiq eiln o 5 manuf acture roduct
The por nt of ucs & ERELEfork I o3 qidSanee: rugngPaF LR eht
enpl oyed. t herein |m1x&snécm§xﬂedmadeasaqﬂuaah.n Uﬁepamamsxﬂmer31§03e266te®d
- No. .3 380 333. Sed" UPIoF 3d AP <ak bBCLrEMBRAGNL S, Of
a slurry 20 epr05| e are de |vere to a truck-nmoun vortex ty Ee m XI ng

unit where they ar@hasgiAnd %ﬁﬂ?qﬁﬁﬁﬁhﬁhﬁﬂﬁfﬁ:H@ré&ﬁtépn&épp9éﬁea B?ehosén
or funnel into a nadddyion, the emulsifier is believed to exist as a

10 molecular coating layer on the surface of the droplets
thereby to reduce incipiént breakdown of the emulsioh by
inhibiting coalescence and agglomeration of the droplets.

In the related field of aqueous slurry explosives
manufacture and use, a technique wherein on-site

15 manufacture of the final product at the point of use is
now weil known. Such a technique and the apparatus
employed therein is disclosed, for example, in US patent
No. 3 303 738 and No. 3 380 333. = In such a process
predetermined flows of the components of a slurry

20 explosive are delivered to a truck-mounted vortex tﬂpe
mixing unit where they are combined and immediately
thereafter delivered by hose or funnel into a nearby

U | ' borehole. The on-site preparation of emulsion explosive

" compositions may be undertaken in a similar manner
" 25 employing a substantially equivalent vehicle-mounted
mixing apparatus. In such an application, an oxidiser
salt phase from one reservoir and an oil/emulsifier phase
from another reservoir are fed in a predetermined ratio
and flow rate to a vortex mixer and thence'immediately to
30 the borehole. If'the'c0mposition is'inadequately
© emulsified or if the droplet size is large or widely
distributed, the resulting product will lack stability and
may have no utility as an explosive, While some:control
- of the emulsion quality can be exercised through optimum
35 mixer design or configuration and by careful regulation of
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borehol e. The on-site preparation of enul sion expl osive conposjtions may be
undertaken in a simlar manner 25 enpl oying a substantially equival ent

vehi cif@&yount ed nmi xi ng apparatus. In such an application, an oxidiser salt
phase ¥¥'om one reservoir and an oil/emulsifier phase from another reservoir
are fed in a predeternmined ratio and flowrate to a vortex mxer and {pence
imedi ately to 30 the borehole. |f the conposition is inadequately ~

emul sified or if the droplet size isalsirge or widely distributed, the
resulting product will lack stability and may have no utility as an

explosive. Wiile sonme control of the emulsion quality can be exercised
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10 sole emulsifier an organic cationic emulsifier comprising
a hydrophilic portion and a lipophilic portion, the latter
being an unsaturated hydrocarbon chain. The unsaturated
emulsifier may be a fatty acid amine or ammonium salt
having a chain length of from 14 to 22 carbon atoms.

15 We have now devised an improved emulsification

-l..z

technique for the production of emulsion explosive
'com9031t10ns. '

Accordlngly, the present anentlon provides an
emulsion explos1ve.composztlon comprising an oxygen-

20 supplying salt component as a discontinuous phase, an-
organic medium forming a continuous phase and an
emulsifying agent characterised in that the emulsifying
agent comprises at least one conventional emulsifier and
at least one emulsification enhancer.

25 : " The invention further provides a process for
producing an emulsion explosive composition comprising
emulsifying an oxygen-supplying salt component and an
organic medium in the presence of. an emulsifying agent to
form an emulsion in which the salt forms at least part of

30 the discontinuous phase and the organic medium forms at
least part of the continuous phase characterised in that
the emulsifying agent comprises'at least one conventional
emulsifier and at least one emulsification enhancer.

' The oxygen-supplying salt component of the
35 discontinuous phase suitably cbmpriées-any oxidiser salt



15 We have now devi sed an inproved enul sification technique for the
production of enul sion expl osive :conpositions. Accordingly, the present
ifaivention praovides an enul si on expl osive conposition conprising an oxxggr-
20 supphyi.ng salt conponent -as a di scontinuous phase, an organic nedi

form ndea continuous phase and an enul sifying agent characterised in that
the enul sifying agent conprises at | east one conventional enulsifier and at
| east one enul sification enhancer. 25 - 4 Jhe invention further

‘provi des a process for producing an enul sion expl osive conposition
conprising enul sifying an oxygen-supplying salt conponent and an organic
‘medi umin the presepeblef ofnrekahsingi agyagenint an fexpdegi wengny igenmenthiich

the salt forns at greagbuR® knaf a80at PErEi $68P1 & NeReStdNasite N hddip AN €
medi um for ns at Iea;hogg%% gggthe conti nuous phase characterised i n that
r

the enul si fying a§& Tagherigticyngn cbiR Y N SAMRAFLECNand at
| east one enul si f iInarganienbaddéserThal bsygenvenppdyaly seuplayedpadre rtheof

the 35 di scontiUaidqlleBnsue! BhiYsiAPLLES PN SBMUSLIGH ! ana -4
capabl e of rel easing oxygen in_an_explosive environnent 1n an anount and at
a rate sufficient sudt@dreforcdpplupiencipl bhe veompes beiens Qf dheyprasent

emul si on conposi tijgRrenkA®hJaBire XkELE68edak6F 6RANSIY ) oftaldy pgdmyed in
the 5 production fﬁggub%hon gxghoiige conﬁo§hkiggftsag§hs%g éﬁﬂé%féyg
i nclusion in the cofidsi’t/iPoA8%+ FHBYHr BETRE:
alkali- and alkaline-earth metals - such as the nitrate,
10 chlorate and perchlorate salts, and mixtures thereof.
Other suitable salts include hydrazine nitrate and urea
perchlorate. '
Ammonium nitraté is preferably employed as a primary
oxidiser salt comprising at least 50% by weight of the
15 oxygen-supplying salt component, supplemented, if desired,
| by a minor (not exceeding 50% by weight) amount of a .
secondary oxidiser compbnent, such as calcium nitrate or
sodium nitrate. A secondary oxidiser component may be
_incorporated into an aqueous discontinuous phase but its
20 presence is particularly desirable if the oxygen-supplying
salt component is to be incorporated into the emulsion in
 the form of a melt, i.e. in the substantial or complete
absence of water ffom the-dis;ontinuous phase. Suitable
- secondary oxidiser components which form an eutectic melt
25 when heated together with ammonium nitrate include
-inorganic oxidiser salts of the kind hereinbefore
described, such as the nitrates of lead, silver, sodium
and calcium, and organic compounds, such as mono- and
poly-hydroxylic compounds including methanol, ethylene
30 glycol, glycerol, mannitol, sorbitol and pentaerythritol,
carbohydrates, such as glucose, sucrose, fructose and
maltose, aliphatic carboxyiic acids and their derivatives,
such as formic acid and formamide, and organo-nitrogen
éompounds, such as urea, methylamine nitrate and
35 hexamethylene tetramine, and mixtures thereof.



invention, are disclosed, for exanple, in US patent 3 447 978 and include

salts and salts of the alkali- and-al kaline-earth netals - such as

te, 10 chlorate and perchlorate salts, and m xtures thereof. Qher ,
sui t M- salts include hydrazine nitrate and urea perchlorate. Amoni um

nitrate is preferably enployed as a primary oxidiser salt conpr|5|ng ol

| east 50% by wei ght of the 15 oxygen-supplying salt conponent, o
suppl enented, if desired, by a mnor -(got- exceedi ng 50%'by wei ght) anount i
of a secondary oxidi ser conponent, such as calciumnitrate or sodium :
nitrate. A secondary oxidi ser conponent nmay be incorporated into an aqueous

di sconti nuous piThee ddwcantd n2Ousr ebeseemay pRtiooaldyl gompsisabie if the
0Xygen- suppai iy osaldls@@ma%heh% tQuBR hBCeLPP4h ohf'ﬁ hie gyl sion in

the formof a nelt, the substantial or conpl ete absence of water
fromthe dﬁﬂﬂﬁﬁﬁﬁ%ﬂiﬁ? dﬁa§@e £ogm: 261 Brddd8mdary oxi di ser conponents which
forman eutecti Cypildally,withe descedtiagoubephabsehmagnesnpiige t£2ée i ncl ude

h . . -
nitrared o?"lﬂfa‘%% , abolle 073 . Wi SRERTRY SRR GTDoFe SEb AR Rde. such
as nono- qﬁﬁﬁﬁbﬁﬁdﬁEPW|19 &OnP88ndyY wWadohti af heehbobal emmyseme 30
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such as gl.ucqs
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or gano- ni t ey @ryc coppride, remahlaelgrmanoneahghnﬁsnofnwateﬁﬁ el 35 .

hexametiiy | eiGmile’ AMeRem 3NdoMB%Y " R8-ENEEER 1y from 4 to 25% and R
preferably from 8 to 18% by weight of the total '
composition. - |

- The organic medium capable of forming the continuous
phase of an emulsion explosive composition in accordance
15 with the invention serves as a fuel for the explosive
composition and should be substantially insoluble in the
component(s) of the discontinuous phase with which it
should be capable of forming an emulsion in the presence
- of an effective amount of an appropriate emulsifying
20 agent. Ease of emulsification depends, inter alia, on the
viscosity of the organic medium, and although the
resultant emulsion may have a substantially solid
continuous phése, the organic medium should be capable of ),
. existing initially in a sufficiently fluid state, if
25 necessary in response to appropriate temperature
adjustment, to permit emulsification to proceed.

Suitable organic media which are capable of existing
in the liquid state at convenient emulsion formulation
temperatures include saturated and'unsaturated aliphatic

30 and aromatic hydrocarbons, and mixtures thereof.

- Preferred media include refined (white) mineral oil,
diesel o0il, paraffin oil, petroleum distillates, benzene,
"toluene, dinitrotoluene, styrene, xylenes, and mixtures
thereof, |



The di scontinuous phase may optionally conprise a solid oxidiser conponent
such as solid amoniumnitrate conveniently in the formof pritls.

Typi cal |y, the discontinuous phase may conprise from5 about 20 to a

97% nofe usually from30 to 95% and preferably from 70 to 95% by we ?'
of the Wtal enul sion expl osi ve conposition. The discontinuous phase nmay
be entirely devoid of water, in the case of a gelt enulsion, or may
conprise relatively mnor anmounts of water, for 10 exanple - from2 to 30%
nore usually from4 to 25% and preferably from8 to 18% by wei ght of the
total conposition. The mhgadamtnadiuo1€n@a@&ganﬁcfﬁuemrm;dﬂumcmmﬂinuous

phase of an emul si LV
vent i on serves. aconttRuplpcPneREriEy: ORIShEEER ER L Y Wae 19
substantially |nsobentyointbherhsqb@msn@f(sbecﬁyatem<m $Suvihablgowaxgsase

with which it shouldchageapabkglehmf ofifhésapp éﬂ&ﬁéﬂﬁ"hdd1ﬂﬂséd¥W¥H%@%e Ofrhe
an effective angunt of an 8p$£g$? late enu

slf ent Eas
emul si fication depBREESTFA hage, B % %‘?EV%"&E% & & aﬁé‘d@ﬂ
and al t hough the raadlaaetreadhtyonompgthhye wuthﬂxheuﬁouﬂdq/emﬂhsion. -

conti nuous phase, ?‘hgrg@_g?gg‘?l ,g H%tsgqyéftg% 3 fafre NSl Mhn nge of

initially in a suf I ent ecessary |n respon
appropri ate tenperéFeﬂeaBGPGsﬂﬁeﬁtt°t35ﬁéfn1t enul sification to proceed

Sui tabl e organic nmedi a u€h69a£19,Cﬁﬂébéﬁn@inﬁaﬁétpﬁﬁhéfkiﬂ&iddﬁﬁg(ﬁsiﬁﬂsq at
conveni ént - enul i on fornmul agion te eratures ncI sat
unsaturated ali éhaﬁfepgﬁsﬁﬂg af BMEBY %eﬁyg?%ai b‘b?'ns 'arﬁf %&é’ r&ﬁ@r &oft°
() 20%, and partlcularly preferably from 3 to 12% by weight
of the total explosive composition. Higher proportions,
may be tolerated, if desired. -

Formulation of a stable emulsion is generally

15 effected in the presence of an emulsifier capable of

' promoting a relatively permanent dispersion of the
d15continubus'phase cdmponent(s) in the continuous phase
‘medium. Emulsifiers hitherto employed in the production

- of emdlsion'expiosive compositions have conventionally

20 been of the water(or melt)-in-cil type which promote or
facilitate the formation of an emulsion in which the
discontinuous phase comprises an aqueous (or melt) medium
.and the continuous phase comprises an oily or organic

(g medium. Such emulsifiers are herein described as

25 conventional emulsifiers.

Conventional emulsifiers, as hereinbefore defined,
are strongly lipophilic, i.e. they exhibit a high affinity
for the oily'or organic medium of the continuocus phase,

- and have a low hydrophilic-lipophilic balance (HLB).
30 Typically,'such conventional emulsifiers have HLB values
of less than about lO,'and partleularly from about 2 to
6. _ .
. Many shitable'cbnventienal'emUlsifiers have been
' aescribed in detail in the literature and include, for
- 35 example, sorbitan esters, such as sorbitan sesquioleate,



Preferred nedia include refined (white) mneral oil, diesel oil, paraffin

S oil, petroleunldlstlllates benzene, - tol uene, dinitrotoluene, styrene,
xyl en “and m xtures thereof. -6- In addition to the organic fuel
medi u e continuous phase nmay, optionally, conprise a wax to control."the

rheol ogy of the system Suitable waxes include petroleum mineral, anigal,
and i nsect waxes. The 5 preferred waxes have nelting tenperatures of at

| east 30C and are readily conpatible-wth the formed enmul sion. A preferred
wax has a nmelting tenperature in a range of fromabout [err] to 75C
Generally, the continuous phase (including wax(es), 10 if present)

conpri ses $ebhitanonmEooheater adprbitammonapothtated sorbiicenar |y

pr ef er abl ym&ﬁsgtéai-atéZ%é)ysngEn Ofridteed U, R %"1 6 Gagposi tion.
- Hi-gher pro ori%ons e tolfrated éﬁpde5|red Formul ation of a stable

enul si on i %?5*??513 ef ATt UmEng ¢ A&t SoYabeanuleciitdincapabl e
of pronntlagdadeeiQAtueés @errﬁnn&un;hsunﬂwﬁsNISdpﬂdpynﬁeyuyﬁg @gous phase

t t u | si.fiers hitherto enpl oyed
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formati on gﬁcgnagnyégﬁgfyéfh 5gy4yu143gyyngﬁﬂggnw phase conpri ses an
iyl

aqueous (%h SRS 1Sy OO BIARS SIS 3he2ul ©

ether, polyoxyalkylene oleyl laurate, substituted

10 oxazolines, such as 2-oley1 -4, 4'-b15(hydroxymethyl) -2-
oxazoline, and polymerlc emulsifiers, such as alkyds,
ethylene ox1de/propylene oxide copolymers and
hydrophobe/hydrophil block copolymers. Suitable
mixtures of such éonventional emulsifiérs'may also be

15 selected for use. '

yoxye

C

Although lntended for use in the prcductlon of a
water (or melt)-1n-fuel type emu151on exploszve
com9051t10n, the emulsification enhancer component
(hereinafter described as thé enhancer) of the emulsifying

20 agent is, to a degree, required to function as a fuel-in-
water(or melt) emulsifier - i.e. an emulsifier which
‘promotes or facilitates the formation of an emulsion-in
which the discontinuous phasé is an oily or organic liquid
phase, and in which the continuous phase is an aqueous or

25 melt phase. The enhancer should therefore be. strongly
hydrophilic, i.e. exhibit a high affinity for the oxidiser
phase, and have a high hydrophilic-lipophilig balance
(HLB) . Typically, an enhancef will have an HLB value of
greater than 10. : _ _ | '

30 The conventional emulsifier and enhancer, when '
combined together as by mixing, desirably'should have an
HLB value not exceeding a prédetermined upper value, in
the region of about 10. The reason for this is that, if

_ the combined emulsifié: and enhancer have an HLB value

35 exceeding this critical valﬁe; they will tend to promote

P



medi um Such enul sifiers are herein described as 25 conventi onal

enul sifiers. Conventional enmulsifiers, as hereinbefore defined, are
st'rongl y, i pophilic, i.e. they exhibit a high affinity for the oily

organi ¢ nedi um of the continuous phase, and have a low . ’J
hydropH‘Tlc | i pophilic balance (HLB). 30 Typically, such conventi onal
enmul si fiers have HLB val ues of |ess than about_ 10, and particularly from
about 2 to 6. Many suitable conventional emiTs3fTers have been described in
detail in'the literature and include, for 35 exanple, sorbitan esters, such

as sorbitan Sequi§F?aﬁgﬁ%38§?ear§fég 3ff_ %Qégu ISSOHwH§¥$ and the

nmonopal nitate, sor and s eara Whé
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pol yoxyet hyl enef2) theefLBevaktue bl yve yadiyimetk (&yulsichirer asgdhemhancer, and
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conventional emul si fhgg:sdlle}%onaQes av:z.sr?gI egheedfgr?{ulus.e

Y, . : _
10 NasO3 (CpHopn o) <C:>-o4<:>~so3ua

in which n is from about 10 to 22, e.g. disodium dodecyl
diphenyl ether disulphonate, in which n is 12, the alkyl
group preferably being a straight chain or normal
_ (unbranched) chain, and containing one double bond, and
15 the derivative of sodium sulphosuccinic acid having the
formula: .

!
- CH COONa
!
: : CH-COONa
i

S03Na

Acceptable ease of emu151f1catlon is achieved when
the emulsifyxng agent comprises a major ‘proportion
20 (>50 wt % of the total emulsifying agent) of
the conventional emulsifie: and a minor proportion
(<50 wt % of the total emulsifying agent) of the
enhancer. ' Desirably, the weight ratio of conventional



Al t hough i

ntended for use in the production of a water (or melt)-in-fuel

to a

type Il sion expl osive conposition, the emulsification enhancer conmponent
(her fter described as the enhancer) of the enulsifying 20 agent |s
a degree, required to function as a fuel-in- water(or melt) enulsifier-

I.e. an enulsifier which pronotes or facilitates the formation of an *-*

emul sion in which the discontinuous phase is an oily or organic liquid

phase, and in which the continuous phage_is an aqueous or 25 nelt phase.
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er should therefore be. strongly hydrophilic, i.e. exhibit a high
or the oxidiser phase, and have a high hydrophilic-Iipophilic
bal ance (HeRhlsiflyp @al kphangeeniinene wallsbfyEndnaddd: vstoeldfogr eat er
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emulsifying agent may be tolerated, excess emulsifying
agent serving as a supplemental fuel for the ¢omposition,.
but, in general, economic considerations dictate that the

amount of emulsifying agent be kept to a minimum
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20

30

‘commensurate with accéptable performance.

In a pfeferred embodiment of the invention, which
improves ease of emulsification and confers enhanced
étability on the resultant explosive composition, the
enhancer comprises an organic emulsifier having a
hydrophilic portion and a lipophilic portion, and
exhibiting a high solubility in water or in aqueous salt
solutions and a high tolerance to salt. Such water
soluble and salt tolerant enhancers may be anionic,
cationic or nonionic in natute_and desirably, comprise a
lipophilic portion having a chain length of at least 8
carbon atoms. By high'tolerance to salt is meant that
the enhancer maintains its function in the presence of
aqgueous salt solutions which is reflected by the lowering
of the surface tension of a 10% agueous sodium sulphate
solution at a temperature of 30°C. By high water
solubility is meant that at least 10% by weight of the
enhancer is.séluble in Water_at a temperature of 30°C.
When this Qarticular selection of enhancers iS'emplﬁyed in
very small quantities in a mixture with at least one
conventional emulsifier, a surprising and unexpected

improvement in the rate of emulsification of water (or

35

melt)-in-oil emulsion explosive compositions can be
achieved.
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Sui t abl e enhancers include di sodium al kyl di phenyl ether disul phonates

having the forrmula: 10 . [err] in which nis fromabout 10 to 22,
e. Y. disodium dodecyl diphenyl ether disulphonate, in which nis 12, t ey
al kyl group preferably being a straight chain or normal (unbranched) i,

and con?ﬁining'one doubl e bond, and 15 the derivative of sodium

sul phosuccinic acid having the formula: [err] Sﬁcgptable ease of

enul sification is achieved when the enul sifyinj agent conprises a major
proportion 20 (>50 wt % of the total enmulsifying agent) of the conventional

emul sifier and a mnor By QRQEeiRRA( eAl19iof BkpiH8i Ot CbmSEY] €1 drY | €k ANRIYS
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consi derations di ctht werlgit tofe the total composition) which is an organic
' emulsifier comprising a hydrophilic-portion and a
_ 10 1lipophilic portion, the said lipophilic portion comprising
s ' a chain (preferably unsaturated) of at least 8 carbon
atoms, the said organic emulsification enhancer having a
solubility in water at a temperature of 30°C of at least
'10% by weight and being capable of lowering the surface
15 tension of a 10 wt § aqueous sodium sulphate solution at a
temperature of 30°C, :
Desirably, the water soluble and salt tolerant
- emulsification enhancers, should be employed in relatively
small amounts. Thus, such an enhancer should not be
20 employed in an amount in excess of that (generally of the
order of 0.05% by weight of the total emulsion o
composition) observed to provide positive enhéncement of
‘ the emulsification process as in some instances it may
N~ '. actually function as an emulsion breaker at higher
25 concentrations. - _
_ The émulsifying_agent may be formulated by
' préblending the conventional emulsifier and enhancer prior
to incorporating the emulsifying agent into the
_emulsification medium; or, if desired, the éonéentional
30 emulsifier and the enhancer may be independently
introduced into the medium. Desirably, at least the
enhancer should be’diSSolvéd or well dispersed in the
oil(fuel) phase beforé mixing with the oxidiser phase,
élthqugh, depending on the properties_of the selected
35 enhancer, it may be ihtroduced-into the oxidiser phase



anount of enul sifying agent be kept to a m ni num commensurate with
acceptabl e performance. In a preferred enbodi ment of the invention, which
15 roves ease of enulsification and confers enhanced stability on-the
res\@f ant expl osi ve conposition, the enhancer conprises an organic

emul sifier having a hydrophilic portion and a |ipophilic portion, andw
‘exhibiting a high solubility in water or in aqueous salt 20 solutions and-
a high tolerance to salt. Such watedlsel uble and salt tol erant enhancers
may be anionic, cationic or nonionic in nature and desirably, conprise a

|'i pophilic portion having a.,chain length qof .at |east 8 carbon atons. By
hi gh t ol eREFAFS Fhea tﬁgrnéénﬁnFﬁ£P° BtefciBfRaRRerOhhi FE8t hs its function
in the presdmsee of aqueous salt solutions which is reflected by the

| owering of the G%E%FFG bﬁQt9°ngglgé%§?H§9F§ agg gg1su|phate sol ution

at a tenperature o s neant that at | east
10% by weH@mpﬂﬂpnﬁﬁéd3GnéﬁhéﬁéeF°W9°§é¢ﬂ9pé Ph ﬁhﬁepreﬁeattenperature of

[err] \memwanﬁuwtlwraexesbqetleupgﬁeﬁeheasyrﬁuéﬁ STRPONER & nmavy%ry smal |
quantltlegaln a_mxture-wth t _on i onal enu] sifier,
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external continuous ol
sucrose, fructose, maltose and molasses, lower glycols,

10 formamide, urea, methylamlne nitrate, hexamethylene o | o
' tetramlde, hexamethylene tetramlne nltrate, and other '
organxc nitrates.
Supplementary fuel components which may be
incorporated into the continuous phase include fatty
15 acids, higher-alcohols, vegetable oils, aliphatic and
aromatic nitro organic compounds, such as dinitrotoluene,
~ nitrate esters,'ana solid particulate materials such as
coal, graphite,'carbon,'sulphur, aluminium and magnesium.
Combinations of the hereinbefore described
20 supplementary fuel-components may be employed, if
desired. | |
The amount of supplementary fuel component(s)
employed may be varied in accordance with the required S
characteristics of the compositions, but, in general, will
25 be in a range of from 0 to 30, preferably from 5 to 25, %
by weight of the total emulsion explosive composition.
pThickening and or'cross-linking agents may be
included in the compositions, if desired - generally in
small amounts up to the order of 10, and preferably from 1
30 to 5, % by weight of the total explosive composition.
Typical thickening agents include natural gums, such as
guar gum or derlvatlves thereof, and synthetic polymers,
partlcularly those derlved from acrylamide.
Minor . amounts of non—volatlle, water insoluble
35 polymeric or elastomeric materials, such as natural



di sconti nuous oxidiser salt phase and fromO0.5%to 4% by wei ght of the
total conposition of an emul sifying agent 5 characterised in that the
enuIS|fy|ng agent conprises at |east one conventional enulsifier and N
enul si fi"cation enhancer (preferably in an amount of from 0.005%to 0.0 /6by
wei ght of the total . conposition) which is an organic enul sifier conprising
a hydrophilic portion and a 10 |lipophilic portion, the said lipophilic
portion conprising a chain (preferably unsatuld® ed) of at |east 8 carbon
atons, the said organic enulsification enhancer having a solubility in
water at a tenperature of [err] of at |east 10% by weight and.bei ng capabl e
of |owering the SLﬁqhﬁﬁiﬂfﬁYﬁﬁﬂﬂﬁkﬁ1ﬁﬂbhfrlﬁnﬂ:PQ}XGEQBH§Y§BB?UH?%ugﬁhate
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enmul sification process ds 1 n sone I nstances it na{ act ual E function as an
“enul sion breaker afOMFHMRUDPhARRe AN ORI EEFY 1RSI FPPREVEGERE may be
fornul ated by prebtetshtipd hef cuvladddoramsesmninsitheccompdsenlbanser prior to

i ncorporating the emul %{Xg%g%banlﬂfg cfrlle“te‘ﬁlél 1 %mé' %B's%E' SQmBEQHH%nQr ghf

desjred, the conventiona er an ancer
|ndependently |ntr%hﬁuﬂ%ﬁ#?ﬂt)kﬂﬂ?ﬂﬁaﬂnﬂﬂGmPrD§§|ﬁaﬁﬂ?COaﬁlpéa§$ gAageous

enhancer shoul dg b%&hﬁ&@éﬁ/@@h&rréeﬁide HHEIY Whsliftyl 1RoOLEEEUChANPLSE and

befare n1X|ng mnthpéég;rggf¥s¥g é%om dbout 0.8 to about 1.4 gm/cc) and
enhance their sensitivity. The gaseous component, usually
air, may be incorporated into the compositions of the
present invention as fine gas bubbles dispersed throughout

‘15 thé composition, hollow pa:ticles which are often referred
to as microballoons ot micrdspheres, porous particlés, or
mixtures thereof. A discontinuous phase of fine gas
bubbles may be incorporated into the compositions of the
present invention by mechanical agitation, injection or

20 bubbling the gas throhgh the composition, or by chemical
generation of the gas in situ; Suitable chemicals for the
in situ genération of gas bubbles include peroxides, such
as hydtogen peroxide, nitrites, éuch as sodium nitrite,

' . nitrosoamines, such as N,N'-dinitrosopenta-

25 methylenetetramine, alkali metal borohydrides, such as
sodium borohydride, and carbonates; such as sodium
carbonate. Preferred chemicals for the in situ generation
of gas bubbles are nitrous acid and its salts which
decompose under conditions of acid pH to produce gas

30 bubbles. Thiourea may be used to accelerate the
decomposition of a nitrite gassing agent., Suitable hollow
particles include small hollow microspheres of glass and
resinous materlals, such as phenol-formaldehyde and urea—
formaldehyde. Suitable porous materials include expanded

35 minerals, such as perlite.



al t hough, depending on the properties of the selected 35 enhancer, it may

be i roduced I nto the oxidiser phase before the latter is incorporated
into “oil (fuel) phase. If desired, additional conponents may be .
i ncoryorated into the conpositions of the present 5 invention. For exanple,
suppl ementary fuel conponents may be i ncl uded. Typi cal suppl enentary fwere
conponents suitable for incorporation into the discontinuous phase include
sol ubl e carbohydrate material s, such_qﬁ3g1ucose, sucrose,_fructose, mal t ose
and nol asses, |ower glycols, 10 formam de, urea, nethylanmne nitrate, _
hexamet hyl ene tetram de, hexanmethylene tetramne nitrate, and other organic

nitrates. Suppl Bendss éc&?mnmmmem& (‘aﬁidayldtmq-llnl cglbgq_r,.@,%;egl i nt oI t he
cont i nuous cl,ude fatt er. al cqhol’s, .vegetahl e oils,
al i.phatic 3 %faﬁb#;tv&e hdion %?‘% "@'sc’tﬂﬂ)d"t?ﬁl?f (I‘)thg' @PRuEr 8r-8Buene,
nitrate est@r%O%abwl wlume Rf tgasulatt amisitent a:iempanaltuare andl , graphite,

carbon, supphbdurel UtdHy4R AL IPAIRS 10081 JdUB I 150k b3 gher ei nbef or e
describg 0 sugﬁéene tar uel. conpon%§¥§ nay e enployeg T desired. The
f

amount &OﬁaymbeWOEFled in _
accordancepveféraﬁmyrhénuééﬁiZﬂuauaﬁgﬂluﬁlaﬁa @hr&h@u&@%ﬁ Sbhkik@@en but, in

m5to 25, %
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between 40 and 3%, and partlcularly preferably between 30
and 10% by volume. Preferably at least 50% of the
10 occluded gas will be in the form of bubbles or . w
microspheres of 20 to 90 um, preferably 40 to 70 um
internal diameter.
An emulsion explosive compdsition according to the
present invention may be prepared by convéntional
15 emulsification techniqués. Thus, the oxygen-SupplYing
salt(s) may be dissolved in the aqueous phase at a
temperatufefabove the fudge'point of the salt solution,
preferably at a temperature in the range of from 25 to
110°C, and a mixture, prefefably a solution, of the
20 emulsifying agent and organic phase is separately
prepared, preferably at the same temperature as the salt
solution. The agqueous phase is theh added to the organic
phase with rapid mixing to produce the emulsion explosive ;LJ“
composition, mixing being continued until the formation is
25 unifo:m. Optional solid and or gaseous componénts may
then be introduced with further agitation until a
homogeneous emulsion is obtained.
An emulsion explosive compositioh according to the
invention may bé used as such, or may be packaged into
30 charges of:approyriate‘dimensions. _
The invention is'illustrated by reference to the
following Examples in.which all parts and percentages are
éxpréssed on'a weight basis unless otherwise stated.



Thi ckeni ng and or cross-1linking agents may be included in the conpositions,
If desired - generally in small anobunts up to the order of 10, and
preferably from1 30 to 5, % by weight of the total explosive corrp05|t|'
Typi cal; thlckenlng agents include natural gums, such as guar gum or &S
derivatrves t hereof, and synthetic polyners, particularly those derived
fromacrylam de. M nor amounts of non-volatile, water insoluble 35

polyneric or elastoneric materials, such as matdral - 12 - rubber,
synt hetic rubber and polylsobutylene nay be |ncorporated into the

conti nuous phase. Suitable polyneric es | | ude but adi ene-styrene,
| soprene- isobutylene, or isobutylen s. 5 Terpolyners

t hereof nmay al so be enpl8yparts hpdwéyghheoi:(ﬁﬂtyamm]s Joaq®egarmi)i,n 18 parts
particular to inprg ew&*ﬂ&hee{@fn&gg& Fie D0l RIS s GRIRARELLONS.

Preferably, the emufsion”ex osi11ons presen ent

conprise a di scontFHE§E§t§ﬁ c¥exe 1@%&%@0&9@3@@ ta¥eive igdssiofy (to
less than 1.5, gndp Qf@f@é@bfhilné@ai oM 2O U40 ¢ Grid B0 e shl14 agitl %@)Lu%'i@n

enhance their sens y asequs usual |y |
I ncorporated into gﬁ%nﬁ% ?6 (gh ¥ h °n€rse%e]2"fﬁ1qnn\7'@rﬁ ag?egs % %@ g garts
bubbl es di spersed bhrweg@butoﬂ5amh&0t0m¢tn¢iannpftaﬂﬂqnmqmmﬂuuﬁaae alti gR°dr e
often referred 10 23 $helo8gl! oena %é&?d’%@ﬁw th%%usmawx@re%o or

m xtures thereof. di.sconti nupus. p ase | es ma
i ncorporated i nto PREdEERpRR| P bninvrater emulsion, The mixer was then run

10 at high speed until the oil/water emulsion had inverted to
a water/oil emulsion, This change is evidenced by a
change in viscosity and by an oily appearance to the
product. This inversion took place 3.58 minutes after
starting the mixer.

15 | - EXAMPLE 2
_ The procedure of Example 1 was repeated save that
0.3 part of sodium disopropyl naphthalene sulphonate
enhancer was added to the oil solution and thoroughly

Y ‘.

mixed for several minutes at 60°C before this solution was
. 20 added to the aqueous liquor. In this case, the emulsion
took 1.62 minutes to invert under the same conditions.
 EXAMPLE 3
. ' To demonstrate that 'invefsion time" is a practical
measure of ease of emulsification, an examination was made
25 of the droplet size as a function of time. It was
demonstrated that the useful water soluble and melt
tolerant enhancers of the present invention produced an
emulsion composition having smaller drbplet size which
. droplet size is directly'related'to "inversion time".
30 6.4 parts by weight of an oil phase (5 parts oil,
0.6 parts GLYCOMUL, 0.6 parts lecithin, 0.2 parts
polymeric surfactant) were placed in the bowl of a HOBART
(Reg TM) mixer and the mixer started at its slowest
agitation speed. 93.6 parts by weight of a salt solution
35 phase (80% ammonium nitrate, 20% water) were added to the



present invention by nmechanical agitation, injection or 20 bubbling the
gas through the conposition, or by chenical generation of the gas in situ.
Suitgﬁs- chemicals for the in situ generation of gas bubbl es include
perowq?-s,-such as hydrogen peroxide, nitrites, such as sodiumnitrite,_
ni t rosoami nes, such as N, N -dinitrosopenta- 25 nethylenetetramni ne, al Reffi
met al bor ohydri des, such as sodi um borohydri de, and carbonates, such as
sodi um carbonate. Preferred chemicals ¥dr-the in situ generation of gas
bubbl es are nitrous acid and its salts which deconpose under conditions of
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deconpositiron of an € gassl ng age ! ]
smal | hol | oontinved pfey ea RATEPASUP fR1 T RIS matTlye Fesulsdans as

phenol - f or g f&1n 6w 2d de xdrtned Qi el i rogddpb | Heer QUanamteri al s

i ncl ud ded 35 | h lite. 13- Th t i
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about 0505Thibs 50ésbhlt vid usisowri uredemterdiny et irefadylat (Ir deddl.pr essure.
Conveni ent t C ) § Sy | £ & iU Hheddlid 0 oM
preferably&%%lgﬁfgogéﬁgfg%%$ég%re_é}ab y bé?ﬂ%gﬁazo a#ﬁpgdggﬁﬁgnge -
parti cul ar PyObePagt bR oveighty PHnthe FefRAFF IV P Ieif 1198419809, preferably
bet ween 40eAR&nedts asiloPar indait centyr feeiEy aly Ietiearabi@ and W% by
5 e .

volure  PLelerabl Yool b§85ine 02 Merd "Gnrfofiie WL BaTeey R3gh the form

10 of a conventional emulsifier different from the

emulsification enhancers of the invention. This result is ()
shown under entry 4) in Table I.




m crospheres of 20 to 90 pm preferably 40 to 70 pminternal dianeter. An
enmul si on expl osi ve conposition according to the present invention may be
pfepared by conventional 15 enulsification techniques. Thus, the -
oxygen- supplylng salt(s) may be dissolved in the aqueous phase at a ?éga
tenperﬁfhre above the fudge point of the salt solution, preferably at a-
tenperature in the range of from25 to [err] d a mxture, preferably a
solution, of the 20 enulsifying agent and organi c phase is separately

prepared, preferably at the sane salt solution. The

aqueous phase is then added to the organi ¢ phase with rapid mxing to
produce the emul sion expl osive cpnpositiof, mxing peing continued until
the formation is 25 wuniform QNN(Nmﬂés lid and of gaseous conponents nay
then be introduced with further hGwa oA Wt el « Apnogeneous emul sion is
obt ai ned. An enul si on expl osive ¢dpdli% Bpns agcef dnig to the invention may
be used as such, or may be packa;éﬂ“ﬁﬂfb 0 chargeps of appropriate
di nensions. The invention is illgstrated—y lefefenye to the foll ow ng
Exanpl es in which all parts and )q;centag S are fessed on a wei ght basis
unl ess ot herw se stated. - 14 +4EX§¥? ROL 18 parts by wei ght
of dycomul SOC (Reg TM), 18 par{<3'§d vggtﬂ 3f ¥axlh lecithin and 6 parts
of a polyneric surfactant were.d BHAFedIAn 150 parts by wei ght of
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5 purified mneral oil at [err] and the resultant solution heated to [err]
Thi s hot™ sol uti on was added to 2808 parts by weight of an 80% sol uti on of _
amonigpionitrate at 700C in the bow of a slow speed HOBART (Reg TM mixer
to praguce an oil-in-water enulsion. The m xer was then run 10 at high :
speed until the oil/water enulsion had inverted to a water/oil enulsio®
Thi s change is evidenced by -a change in viscosity and by an oily appearance
to the product. This inversion took pl&¢e~3.58 nmnutes after starting the

m xer. 15 EXAMPLE 2 The procedure of Exanmple 1
was repeated save that 0.3 partggéuéggguglggsgfropyl napht hal ene sul phonat e
enhancer was added to the oil s oughly m xed for several
mnutes at [errh WatereinhPdélsenulsbanvwexplosiveloeempas ithiomaesous | i quor
In this cagee &Ageaew&éhoeohgegtéa68fn%ﬂuwsb§ Oud {WIRY thJrglﬁr 4&&@@

condi ti ons. ermn%t r ag Il nversion ti practi g:al
measur e of 08384 SEF éﬁ'ﬂlFsPFPEStl 1namnani W RHRE RS e7*2§°4)‘f““l he

dropl et ssi agteata,l A5CLEQNwatet) ;nes 5% | by Veeigletroosl f fueld pHude t he usef ul
o emutoi of 2dotoBRerss R S8 2 PRCpEEREEln PEkDLSREN PN A D" P adeee
directly r&edghd moanvengeahmnmh emghsifiers g . PIH tGLYSOMIL FAC.of an
oi | phase RagPa¥,soQirks Qe@xﬁﬁﬁ.h§ axw\/blblyﬂe&@aé&ﬁfé@@aﬂw n, ® 2 parts

pol ymeri c surfact antgj wer e ace in the b a ART‘@( gq Al/’t,%\/m xer
and the ni £8FhsPLr BEYSR: SF’P §FORESF %g??‘&?‘?%ht%?fée‘ber%)sa LI wei ght
of a sdlot &yl weight3bfphheecdé8dfednaoganic nethuls ion Zél%awda's awre added to

the wetting agents of the invention. s

The results are tabulated_ in Table II,




m xer over a period of two mnutes and m xing thereafter continued for a
peritod up to 5 mnutes. The resulting enul sion was exam ned under a

m croscop® after 1 and 5 m nutes of m xing and the .average droplet siz
noted. 5%his result is shown under entry 1) in Table | below. The test LS
repeated with the addition to the mxture of 0.01 part by weight of the
respective emul sification enhancers shown, ujbrgie_r entries 2) and 3) in Table
. A further test was undertaken enpl oying 0.01 part by weight 10 of a
conventional emulsifier different fromthe enulsification enhancers of the

invention. This result is shown under entry 4) in Table I. - 16 - [err]
- 17 - EXAMPLES 4 1010 A water-i1n-oll enmulsjon expl osive conpositi was
prepar ed whi ch jconsj st ed of 91.1% by wei ght eof jan agueous oxi di sepy sl t
phase (64.8% arfmonidim ni jr8te, 19.7% sodi um$B it r@at g, 15. 15%waﬁ'§er‘%, 6. 5%
by wei ght oil/fluel ®hase |(§. 15%paraffin qjlg 4 5% pdraffin wax) §anll 1.75%
: : . < 80 S e
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Reg TM 0.75% |l ecithin, 0.25% polyneric surfactant). To each of seven
sanpl es of the conposition were added 0.01% 10 by wei ght of the defined

.organi g&xihul si on enhancers or wetting agents of the invention. The results .
are tak¥ftated in Table I1. [err] - 18 - - 19.-
Fromthe results shown in Table Il it is seen that in Exanpl es 4 and ?JI

where the enul sion enhancer used had both high water solubility and good
salt tolerance, the inversion tine wpz ubstantially better than in
Exanples 5 5 to 9. EXAMPLES 11 to 22 A'water-in-oil enulsion expl osive
conposition was prepared which consisted of. 93. 6% by wei ght of an aqueous
sal tffSQI ut!f)n ﬁha&e:n( gﬂf’é %/aamjusmsmiotwha;m TARYeVATE Rk, _i§05|5e6%:.b¥tWGi ght of
paraffin oj ase an 0 iers

(0 6% Gy et S Qe ER e S I95 880 FEREREER uf P ant )

each of lzacs!zl'rrp‘hs;h ofattdre aniqm@nﬁyomndegoﬁddedtotolﬁrbpcael ghe of the

defined enyy rﬁéé”sdﬁ?éédﬂlaﬂ@%“%&tQ%rtQﬁaﬁ51hnE§thPQS ghe
results are ta u ate I n Tabl e )

‘EXAMPLES 11 to 22
A water-in-cil emulsion explosive composition was
prepared which consisted of 93.6% by weight of an aqueous

. salt solution phase (80% ammonium nitrate, 20% water),
10 5.0% by weight of paraffin oil phase and 1.4% by weight of W,
mixed conventional emulsifiers (0.6% GLYCOMUL SOC, Reg TM,
0.6% lecithin, 0.2% polymeric ‘surfactant). To each of 12

samples of the composition were added 0.01% by weight of
the defined emulsion enhancers or wettlng agents of the

15 invention. The results are tabulated ;n Table III.
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diphegyl et her di sul phonate secondary enul sifier avail able from Dow

-Chemn

t he
emul sio
12 m nutes.

form ng O.

maki ng up 0.85% by mass of the m xture.

60% of the mixture. The emuRsi on was

Conpany) so that the SPAN 80 made up 1. 75% by nass of the m xture,

30 ' A suitable

xpl osive was formed easily on the HOBART m xer at 139 rpm w thin
EXAMPLE 25 The procedure of Exanple 24 was repeated, excepr

that the SPAN 80 fornmed 2.00% by mass of the m xture, the 35 DOANFAX 2A1

22 - found to form as

easily at the sanme speed and within the same period on the HOBART m xture

as in the

case

Ex npl e 2. en_tested, e, x Ios ves of npl.es 24 and
25 5 appeared t %@F ﬁgsg&ygrég EFFSStEEg lg Bﬂa.? ﬁﬁe%ngg%%tgﬁﬁted as
easily andemhdhmmmef@ﬂ'ﬁhaSLaneBMub9|ea emgéofedmin hExampbe s t Lbnt k4 of

I e m xer at
s 0 Bl ppmlen 80 RS R s ppeibicr IR

Exanpl e 23,
t he speed

e |laboratory

tests cond®ateFials &ﬁﬁé@ﬂéppﬁﬁtWPHSreﬁBﬂBEF%é§YoPn@x§%bFes 24 and 25 show
proni se 5 n gxlidr@neepabl e of fornmation under |ow shear conditions, and

believe that it rraézég Egsy;bl eEéﬁTéﬁﬁmthem for bul k use, W|th
m xers such as conc the |ike. Thi s renders
them parti cul ar lay contred| yater-o-fued- sype applpgayeones Ppheparedieir
consti t uent;s, GRS IAYh @fe! BoliblkingNEobhiedeignbul K

Appl i cants
| ow speed

10

15

20

25

30

35

Constituent Mass %
Ammonium nitrate - 68.3 .
Sodium nitrate 13.6 N
Water 11.5
SPAN 80 (sorbitan monooleate primary

emulsifier available from

Atlas oil & Chemlcal Co.(Pty)

" Ltd) 2.6
P95 oil (paraffinic hydrocarbon oil-

(fuel) available from

'BP Southern Africa (Pty) Ltd) 4.0

Attempts to form an emulsion from this mixture by
means of a HOBART mixer with a wire whip operated at the
speed of 139 rpm for extended periods, were unsuccessful.

EXAMPLE 24

Example 23 was repeated, except that a proportion of

the SPAN 80 was replaced by DOWFAX 2Al1 (disodium dodecyl

diphenyl ether disulphonate secondary emulsifier available
from Dow Chemical Company) so that the SPAN 80 made up
1'75% by mass of the mixture, the DOWFAX making up 0.85%

' by mass of the mixture. |
A suitable emulsion explosive was formed easily on
the HOBART mixer at 139 rpm within 12 minutes. '

EXAMPLE 25

The procedure of Example 24 was repeated, except that
the SPAN 80 formed 2.00% by mass of the mixture, the

DOWFAX 2Al1 forming 0.60% of the mixture.

The emulsion was

L)



on site with truck-nmounted concrete mxers or the |ike. They al so appear t
besprom sing for large scale factory 20 production using static m xers or égj
ot her | gw shear mixers. EXAMPLE 26 - CONTROL An enul sion expl osive

conposi tNvon was prepared in accordance with the follow ng fornul ation:: ¢a)

Aqueous phase conponents Mass % 25 Ammonium Nitrate
62.25 Sodium N trate 15.0 Calcium N trate

3.7 Water ' - 22.9 (b) G| phase conmponents 30
P95 oi | 2. 65 Sasol wax - medi um congeal i ng
1.75 artificial paraffln wax - avail abl e from SASOL - 23 - (O
Enul si fier conpfasndstSoformaas seagiiylatitthe same speed and withip ¢h® Soya
| eci thin same period on the HOBART GXDxfinte/ o & AHICIdaRSE @ bl OCk
copol yner 0.25'5 surfactant Formation of

an emul si on frofraRPienExt ure by means of a HOBART mixer with a wire whip
required the n1xer twhéa epetédpdthé expleeived O Examplew 28 pad @8 of 10

Ut s oS, APkl ot Bz 28L oG ANES ARG abtonkitntidnd O

S effected m xer spee
detonated as easlly and as forcefully as an emulsion made

from the constituents of Example 23, which could only be
formed eventually on the HOBART mixer at the speed of
591 rpm after an extended period.

N~ 10 . From the laboratory tests conducted, it appears that
the explosives ef Examples 24 and 25 show promise in being
capable of formation under low shear conditions, and
Applicants believe that it may be possible to form them,
for bulk use, with low speed mixers such as concrete

15 mixers, or the like. This renders them particularly
suitable for bulk on-site applications, where their
constituents can be transported in bulk, and mixed in bulk
on site with truck-mounted concrete mixers or the like.
They also appear to be promising for large scale factory

20 production_using static mixers or other low shear mixers.

EXAMPLE 26 ~ CONTROL
An emulsion explosive composition was prepared in

s accordance with the following formulation:
(a) Aqgeous phase components Mass %
25 ° . Ammonium Nitrate : 62.25
Sodium Nitrate | o - 15.0
Calcium Nitrate . B 3.7

Water _' 1249

(b) 0il phase components
30 P95 oil B . 2.65

Sasol wax - medium congealing ' - 1.75
artificial paraffin
wax - available from
SASOL




285 r&g;yver atinme period of 2 mnutes. - Attenpts to prepare an emnul sion
at lo m xer speeds were unsuccessful. EXAMPLE 27 15 The procedure
of Exanpl®¢ 26 was repeated save that into the aqueous phase conponents was
incorporated (with corresponding proportionate reduction in the anount s+ 9
t he respective enul sifier conponents) an enhancer conprising 0.25 wei ght
~of Aerosol 22 (Tetra sodium 20
N( 1, 2- di car boxyet hyl ) - N- oct adecyl sul plro23cei namat e) . Fromthe mxture an
enul si on expl osi ve conposition was easily forned on the HOBART m xer with a
wire whip operat| % at_the relatively | ow speed of 139 rpmfor 12 m nutes.
25 (c) Emuisifier compepgOSSE 28 The procedure of Exanple 26 was
repeated save tIsirbidan tsegquiiblplazee conponents was ingogpsrated (wth
correspondi ng pre rt| %g reduction in the anounts of tgg respective
enmul sifier conpo fihancer 30 conprising 0.25 wei ? % of
coco- d|ethanolamhiyeSQenﬁﬂHhﬂnﬂeﬂng§ adaick peaggyyerornﬁd Sromthe mxture
using a HOBART mixer with a wire whip opefdrfagtanta speed of 139 rpn1for
12 m nutes. - 24 - EXAMPLE 29 - CONTROL An enul sion expl osive
;ggggz'st;)ggsgﬂ;%%goa B AR smn,\,ghgmo Enig mP¥Lage By HEGEL O ()
of a HOBART mixer with a wire whip required the mixer to

be operated at a speed of 591 rpm for a period of 10
minutes after addition of the aqueous phase components.
10 This addition is effected at a HOBART mixer speed of - o/
285 rpm over a time period of 2 minutes. Attempts to
prepare an emulsion at lower mixer speéds were

%

unsuccessful.
- EXAMPLE 27 o
15 - The procedure of Example 26 was repeated save that

"into the aqueous phase components was incorporated (with
corresponding .proportionate reduction in the amounts of
the respective emulsifier components) an enhancer
comprising 0.25 weight % of Aerosol 22 (Tetra sodium-
20 N(l,z—dicarboxyethyl)—N-oétadecylsulphosuccinamate).
From the mixture an emulsion explosive composition
was easily formed on the HOBART mixer with a wire whip

operating at the relatively low speed of 139 rpm for _ o/
12 minutes..
25 EXAMPLE 28

The procedure of Example 26 was repeated save that

into the 0il phase components was incorporated (with
- | corresponding proportionate reduction in the amounts of
the respective emulsifier components) an enhancer
30 comprising 0.25 weight % of coco~diethanoclamide.

.An emulsion was again readily formed from the mixture
using a HOBART mixer with a wire whlp operatlng at a speed
of 139 rpm for 12 minutes.



L 4

5 Ammonium Nitrate 62.25 Sodium Nitrate

'15.0 GalciumNitrate 3.7 Water eg@
12.9 (h) O phase conponents 10 P95 oil . o

2.65 Sdsol wax 1.75 (c) Emulsifier _
conponent s Sor bitan sesqui ol eate "0.75 Soya lecithin
0.75 15 Formation of an emulsion fromthis m xture by neans of a

HOBART mi xer with a wire whip required the mxgr_oto be operated at a speed
‘of 591 rpmfor a period of 10 minutes after addi tion of the aqueous phase
components. This addition is effected at a HOBART m xer speed of 20 285

rpmover a tinme period of 2 m nutes.EXAMBPLE sktGDNﬂmEnarﬁ an enugsion ?t
.| ower m xer speeds werg,u f . . The procedure o
Exanpl e 29 was repeat € nsgﬁlgffﬁgrt? %Spl | n{ og 't-geii:;oglﬁI%é‘sga@o SREREE OF each
formul ati on was i REEPPIRRERAWE R t Bhe ofeklkawiy rfpmmudisdritonenat e reduction in

the anbunts of the respective emulsifier conponents) 0.25 wei ght % of-

enhancer conpri si t spective ol eophilic natural petrol eum sul phonate
derivatives 30 (agghmg ) (Pty) Ltd, YB8Sodnufact ured

by Wtco ChemiBal Corhumemiwm)Nitmatsl bel ow. - 25 62.25
Sodium Nitrate _ - 15.0

Calcium Nitrate ' 3.7

Water : 12,9

Y | _ _

(b) 0il phase components _

10 P95 oil : ' . 2.65

Sasol wax -~ S 1.75

(c) Emulsifier components

Sorbitan sesquioleate . 0.75
Soya lecithin ' 0.75
15 Formation of an emulsion from this mixture by means

of a HOBART mixer with a wire-whip required the mixer to
be operated at a speed of 591 rpm foi a period of 10
minutes after addition of the aqueous phase components,
N : This addition is effected at a HOBART mixer speed of
20" 285 rpm over a time period of 2 minutes. Attempts to
prepare an emulsion at lower mixer Speeds were '
unsuccessful.
EXAMPLES 30 TO 32
The procedure of Example 29 was repeated save that
25 into the oil phase components of each formulation was
incbrporated (with corresponding proportionate reduction
in the amounts of'the respective emulsifier components)

0.25 weight % of enhancer comprising the respective
oleophilic natural petroleum sulphonate derivatives

30 (available from Carst & Walker (Pty) Ltd, and manufactured
by Witco Chemical Corporation) listed below:



Exampl e Enhancer 30 Petronate L 31 Petronat e
HL 32 Petronate CR 5 From each m xture an ernul si on

expl osi'%&/conposition was easily forned on the HOBART mixer with a wire
whip operating at a speed of 139 rpmfor 12 minutes. EXAMPLE 33 The - \u
procedure of Exanple 29 was repeated save that 10 into the aqueous pha§€’

" conponents of the fornulation was incorporated (wth correspondi ng
proportionate reduction in the anounts 28 < he respective enulsifier

* conponents)- 0.25 weight % of sodium |l auryl sul phate as an enhancer. An
emul sion was easjily fornmed fromthe m xture using 15 a HOBART m xer with a
wire whip operating at a spcEXpmEle;39 rpm.f Enhancgimut es. -26- CLAIMS 1
An emul si on expl osi ve conposi t3j@n conpri Si NpedFgwak@cn; suppl yi ng sal t-
conponent as a di sconti nuous phase, an organjc nediumform ng a continuous
fuel phase, said fuel phase bel’hg substanti a9 IREE &1 e in the

di sconti nuous phase, and an em2 sifyi ng agerRetronateh&Racteri sed in that

t he enul sifying agent conprises at |east one conventional enulsifier having
an HLB of less than 10 and at |east one enulsification enhancer * havi ng
an HLB gPeater tFeom 19ach HulxBinRemn ARl sdan $xPlosiyfd CORRPSILLLOAt i on
enhancer toggshéisily formed on the HOBART mixer with a wire whip

operating at a speed of 139 rpm for 12 minutes.
' EXAMPLE 33 |
The procedure of Example 29 was repeated save that
10 into the aqueous phase components of the formulation was
incorporated (with corresponding proportiohate'reduction
‘in the amounts of thé respective emulsifier components) -
0.25 weight % of sodium lauryl sulphate as an enhancer.
An emulsion was easily formed from the mixture using
15 a HOBART mixer with a wire whip operating at a speed of
139 rpm for 12 minutes. |



x

exhibiting an HLB not greater than 10. 2. A conposition according to

claim1 characterised * in that the enul sification enhancer is highl
Sol ubl-e in water or in aqueous salt solution and exhibits a high tol e
to saht, as hereinbefore defined. 3. A conposition according to e er

of the preceding clains characterised in that the emul sifying agent
conprises a nmjor ampunt of the conventi ondé-enulsifier and a m nor anount
of the enulsification. enhancer. 4. A conposition according to claim3
characterised in that the weight ratio of conventional emulsifier to

emul si fication enhancer in the emulsifying agent is from 1000:1 to 1:1. 5.
A conposition according to any one of clains 2 to 4 wherein the enul sifying

agent conprises E M- 5 to 4.0% by wei ght of the conposition characterised
in that the enulségyrﬁg agent conprises at |east one conventional

emul sifier and ad-enul sApi emulshornfsRtes1viei compes bipion omrriahnsidn er
conprising a hydeogpgehl-gupgiyying 3adtacbmpoRéht | £3 ROTdibntitfuciad d
| i pophilic porti%%agonpglsgggag_ghal éﬁrfferably unsaéun?ted) of at | east
8 carbon atons. 8571- 38, A C’Bﬁ%ﬁ t FORMLRE oF P Y1 M i TH et |
characteri sed i nphhae,t heidnfiuatephasepbeing $uletnOOLRLY o sdadblley iwei ght
g;plt 23 Lgt al compgyl bliQBonfinuous”pRASE SEnd Ohn PERGHEL AP AN £KIBHS! ON
: characterised in that the emulsifying agent comprises
at least one conventional emulsifier having an HLB of
U : less than 10 and at least one emulsification enhancer
having an HLB greater than 10, the conventional
emulsifier and emulsification enhancer together .
exhibiting an HLB not greater than 10,
2. A composition according to claim 1 characterised
in that the emulsification enhancer is highly soluble
in water or in aqueous salt solution and exhibits a
high tolerance to salt, as hereinbefore defined.
3. A composition according to either of the
preceding claims characterised in that the emulsifying
agent comprises a major amount of the conventional
emulsifier and a minor amount of the emulsification
enhancer. . ' '
o/ ' 4., A cbmposition according to claim 3 characterised
" in that the weight ratio of conventional emulsifier to
~ emulsification enhancer in the emulsifying agent is
 from 1000:1 to 1l:l. o
5. A composition according to any one of claims 2
to 4 wherein the emulsifying agent comprises from 0.5
to 4.0% by weight of the composition characterised in
that the emulsifying agent comprises at least one
conventional emulsifier and an emulsification enhancer
which is an organic emulsifier comprising a hydrophilic
- portion and a lipophilic portion, the said lipophilic
portion comprising a chain (preferably unsaturated) of
at least 8 carbon atoms. -

T



conposi tion conprising enul sifying an oxygen-supplying salt conponent and

an orgapc nmediumin the presence of an enulsifying agent to form an
emul si o n which the salt forns at |east part of the discontinuous phase
~and the organic nediumforns at | east part of the continuous phase i.ﬁ

characterised in that the enul sifying agent conprises at |east one
conventional enulsifier having an HLB of |less than 10 and at | east one
emul sification enhancer having an HLBagreater than 10, the conventional
enmul sifier and ertul sification enhancer together exhibiting an HLB not
greater than 10. 8. A process according to claim 7 characterised in
that the enmul sification enhancer is highly soluble in water or in agueous

salt solutiqn a”d %X*J;' ? i%l%ggctc%ﬁﬁﬁgtc o 81?5’{‘“5 @ﬁa@%@é@?&&?re

defined. 9. accordin er 0
char act eri sdd |tﬁlat‘q1$th&ateﬂhé@§tert ﬁ@“‘@#&??isf feam OmO0BRRahee? - PR dPEsol ved or

dlspersedllwéﬂghgmgpqmg @g@hqnbahbggltgoﬁLX|ng of the organic mediumw th
the salt comnponent ge ¢ aracterlied in that the

charge conprisses aﬁ‘@W@Q§§3n%pr§5§%Vé188nﬁgsFFFEﬁ18808FB A91Y® any one of
clains 1 tC)dbmgoqmﬁm@mr@@m@rla;pgoemsisafymndlag besygen-suppdyivgains 7 to

9. salt component and an organic medium in the presence of
an emulsifying agent to form an emulsion in which the
salt forms at least part of the discontinuous phase and
the organic medium forms at leaét part of the _
continuous phase characterised in that the emulsifying
agent comprises at least one conventional emulsifier
having an HLB of less than 10 and at least one
emulsification enhancer having an HLB greater than 10,
the conventional emulsifier and emulsification enhancer
together exhibiting an HLB not greater than 10.

8. A process according to claim 7 characterised in
that the emulsification enhancer is highly soluble in
water or in aqueous salt solution and exhibits a hlgh
tolerance to salt, as hereinbefore defined.

9, A process according to either of claims 7 or 8
characterised in that at least the emulsification
enhancer is dissolved or dispersed in the organic
medium prior to mixing of the organic medium with the
salt component. '

10. An explosive chargé characterised in that the
charge comprises an emulsion explosive composition
according to any one of claims 1 to 6 or prepared by a
process according to any one of claims 7 to 9.

C mmm
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