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2156799 EMULSI ON EXPLOSI VE COVPOSI TION This inventi-on relates to an N
expl'osi ve' conposition and, in particular, to_an’enulsion explosive

conrposition of the kind conprising a disconti nuou% 105@ 9 phase 5. '
di spers t hroughout a conti nuous fuel phase whic s antially
I mm sci with the discontinuous phasgq. Conmercially available enulsion

expl osi ve conpositions generally conprise an external or continuous organic
fuel phase in which discrete droplets of an 10 aqueous solution of an

oxygen- SUENULSTID N @RXFEOSL E dCoRe0SEdI@W an i nternal -or discontinuous
phase. Such co sitjons ?ie cony entloQ%#ﬁ¥bdes | bed as water-in-oi

ermul si on expl osiVe cohpoeFtPBnie ahgs gehye haRRPRRERLABs cr
i nter aIiapdhn1UngxEﬁnclsr441093a ehinl3 i eXiBl oBi V& OchRfosdtiod ?gg 4

111727, F¢l43e com#l?s?l; FQ&s%%”&JLo%PJO'&xCPHQL‘F {;ﬂgslé’at er

content o the OXI ase Ehe &R on expl o conpl etely
el i mi nét eéierpeatsqdearshrmm@w aocanltéwwoe\ﬁelfuelf cl?h%!)e e\xhhﬁheist o less

than 4% by wyaledlife A1 {heshal 8184l $190 CHP W dd Ak 1586Ps CpiipaaLLi ons are

conventionally referred to as nelt-in-oil or nelt-in-fuel sion
expl osi ves and GoRme Tflehl LEsePRbiableneaulsilion ¢xpheshr®ent. 4 248 644. 25

The term e@apoisqlt Fodd %éuersmmrﬁoabhlpqasel &dﬁ@"ﬂmaﬁroembemdumsemr ace
conp03|t|ons of b in-o fuel) types.

For mat i on°5&3%} ;£H%§(§%%&te%§ Bgﬁéngggﬁ %ﬁ?ﬁ&gnﬂ &5, 9 % fected in the
pr eseh0e aﬁw&ansfsu&utsmsloﬂ a80orygiehyisup pintlayg facursel eeéed to pronote
subd|V|S|gq er (yémugt 9 rLQ? ig@% A Q SPersk thhereof I n
the continuo shase I'n ad%l %l on, ??{e enu sﬂlnqﬁ d% +| eved o exist as a
noletul ar cemlsrigiquy%ram chaveotigoeldfy tde@o:trmcbt-ss thetebyincotdduce (
| nci pi ent o3%193cak AL 04 1 0°ERYb3 1R oRY | WU PIdAdWp FOF CREFRGE RAVe
aggloneratlon of the drop
been described, inter alia, in US patents 3 447 978,
1S 3 674 578, 3 770 522, 4 104 092, 4 111 727, & 149 916 and
4 149 917. ' R
For certain applications 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 conventionally
referred to as melt-in-0il or melt-in-fuel emulsion
explosives and have been described, inter alia, in
U US patent 4 248 644. . | ' '
25 The term "emulsion explosive composition”™ is 4
hereinafter employed to embrace compositions of bqth the
water—-in-oil (fuel) and melt~-in-~oil (fuel) types.
Formation of an emulsion explosive composition is
generally effected in the pfesence of a surface tension-
30 modifying emulsifier selected to promote subdivision of
the droplets of the oxidiser phase and dispersion thereof
in the continuous-phase. In addition, the emulsifier is
believed to exist as a molecular coating layer on the
surface of the droplets thereby to reduce iancipient
35 breakdown of the emulsion by inhibiting coalescence and
agglomeration of the droplets.



-2 The droplets of the oxidiser phase are inherently -netastable and
exhibit a tendency to crystallise. Gowh the resul tant crystals tends to
lqipai'r the sensitivity to detonation of t he enul si on expl osi ve
conpositions, and 5 attendant interlocking of the crystal matrices rertders
the cénpositions solid and, therefore, =@i-fficult to prinme. Conventional
emul si on expl osi ve -conpositions therefore generally exhibit a pr@essi ve
deterioration of explosive performance resulting fromthe agei ng process
whi ch occurs 10rxkirdwgpléessopr ahe amdddsetrr phaser tarey ipdrd wech 21 @psi ng

Det veen AL Fe s CYRILIRL 4% sRUehls DIy NE MUY O A AIPLS Lo

i nprove the orage characteristics o Fsion exXpl osivVe conpositions have
hi t hert oY co"nc!Ehﬁ rmmilennt: hergatkdsf #end@owporimai(‘;f thee s Lokt Y i ons

and, in pggi @Jazpantbe thbeehb2818h %euptlm't%eereumsdéeﬂﬁon@r Pi£nds

thereof I ch are designed to suppress coal escence o su ersaturated
dropl et ttendans dinkeriarkipgesénthen thﬂrét(}lls(ﬂiﬂﬁirﬂﬁﬁjsr s it

has been pdRsLbeisndr sbLEh aaaenthzeeseeelfldq&tﬂimu@eow&wS to

provi de a vvater-l 0|I enul sion bl a t| conposi t.ign havi.n t he sol e
emul sifier %Htv%‘?b‘a?ﬁ% cERPOAL AR AFPILE gF EOMROSSithp B8 th%o%ﬁ 5% c portion
and a | i pgEidt£1ppréxhdbitha b&b‘fgeésh&m&g mmwmteobmyekmmm -
chain. The uns at ur at ed_25 Si tt cjd c@Fgroni um
salt havi rPge:a %T?’tc‘?eﬁﬁfﬁfg?n r%m T4 {0 %% nly°a ogrrss ‘g}{nq sé)ésal dto
functildh aturiwg ysthel shabagemadidf par ttr@n@mmtdtnamﬂiiqﬁ telﬂesign)wt h of

crystals iy i Db dhaphcRath SRUUBLAReadOWRCIae D G4 OV oXPI 051 Ve

corrp05| tions are re at rvely Insensitive to detonation (not cap sensitive
i ncapabl ¥apiowst éﬁaﬁﬂaﬁsby‘%ie@tfeﬁét FheostaFAfe ude | ess than a

Str’?ﬁ'i‘ﬁard Nop Sr £16L OP8L 01 L5 2BE. eB1B1ORARED1JMAWR Wddddeit fideEhgve (bel ow
which cartridges filled with the -conpositi |1 not detonate of the 35
order of 1WPReTYRCCRBAABEFALEAS O & én‘”é‘(f?"(?r Led iSApRPnent

15 compositions and, in particular, on the selection of
suitable emulsifiers, or blends thereof, which are
\~_designed to suppress coalescence of the supersaturated
droplets of the oxidiser salt present im the discontinuous
phase. Thus it has been proposed in British patent
20 specification GB 2 042 495 to provide a water-in-oil
emulsion blasting composition having as the sole
emulsifier an organic catiounic emulsifier comprising a
hydrophilic portion and a lipophilic portion, the latter
being an unsaturated hydrocarbon chain. The unsaturated
KJ 25 emulsifier may be a fatty acid amine or ammonium salt
having a chain leagth of from 14 to 22 carbon atoms and is
said to function as a crystal habit modifier to control
and limit the growth of crystals in the oxidiser salt
solution. 'However, such emulsion explosive compositiqns
30 are relatively insensitive to detonation (net cap
sensitive - i.e. incapable of detonation by a detonator of
magﬁitude less than a standard No.8 .detonator) and, as
prepared, have critical diameters (below which cartridges .
filled with the composition will not detonate) of the

35 order of 19 mm. The compositions are therefore reliably



- 3- 33050 effective and of conmercial utility as .
bl-asting agents only in cartridges having a diamgter "of at |east 25 am
Smal critical dianeter utility. is achieved only by the inclusion in the
conp tions. of a significant 5 proportion of a eutectic-formng salt,
such as calciumnitrate, which reduces the ampunt of gas generated on
detonation and therefore adversel v afflects the expl osi veg pgjdogmance. The
strai ght hydrocarbon chain conponent of 10 enulsifiers.previously enployed
in the production of enul si;on expl osive conpositions was generally of a
sat ur ateff d i 1V €, addit 0 £0BPRABRE 28I REAAYUESU aish WG R et CB 2 042 495
are said therein, b irtue of the presence of an unsaturated straight
hydr oc&Hoh %a?%rﬁgiXQGPhgarFﬁgpﬁiﬂ?@“ﬁ&ﬁfi@ﬁ(ﬁtt EmAsiter, to b
nore StSadldexndeththeak dibmgher asedditiyvilisy alchde va@madis i ons enpl ¥4 ng
emul si fj ers. co | N a, sajyrated hydrqcarbon chain. JFurthernore, the
unsat ur’dt e est{%?ajg‘h?f'% a:llﬁ élr%rﬁl §FFP8¥2"’3€P§'T° ufd %28 A %uperior to
t heiSr 2ropmnkimedfqivateaticrfiorming sedg,cspshalasgremitdl doom . t he
oxi di sqn (RRASE. %ﬁmvxeemves'evhéeduauﬁgpoiegil UighGe3Ttled Yh EXPI OSI Ve
conposition exhibiting a surprising, and si rflgant, I 'mprovenent in
st or agdesoagitiion amd; therefogpeordyagrelyt HgfﬁPESem‘lei exedoisdiyepr ovi des -
AN enubgic@id raltlc@s) Ve conposition conprising a discontinuous phase
cont ai ni ng oxi di ser cqnpgonent, a conti hupus phase contai ning organi c fuel
conponent, &M &RAaLFNerhxdERcaTRePsehain £AAPORRBEAS sifier .conprises an
el ¢ot r eaall sa@nduat iptidwl UMl ff i tlip By é€| £t eHe apdodacedpar atted t hat the
expl osive,c osi ti.on exhibits e | ectrical cond ﬁtivitx'not exceedi ng

- 60, 000° BF&8ARES FRRY% tRE TR LA™ B THY (RBSREALAZe 51 Rany suppl ementary

- adj uvasatwhiclkdt ha texel ,odhiute corposi tions npyodpcedndhl gcabsdacart ai n.
with GB 2 042 495 are said therein, by virtue of the
presence of an unsaturated straight hydrocarbon chain as

15 the lipophilic portion of the emulsifier, to be more

»

stable and to have a higher sensitivity thaan compositions
employing emulsifiers containing a saturated hydrocarbon
chain. Furthermore, the unsaturated straight chain
emulsifiers were found to be far superior to their

20 saturated equivaleuts im inhibiting crystal growth from
the oxidiser phase.

We have now devised a cab.sensi:ive emulsion
explosive composition exhibiting a surprising,. and
significant, improvement in storage stabilicy. [,

25 Accordingly, the present invention grovides -

An emulsion explosive composition comprising a
discontinuous phase containing oxidiser component, a _
continuous -phase éontaining‘organic fuel component, and
emulsifier character’sed in that _ '

the emulsifier comprises an electrical conduqtivity
modifier so selected and incorporated that the explosive
compositionlexhibits an electrical conductivity not
exceeding 60,000 picomhos/metre measured'at 60°C_in the
absence of any supplementary adjuvant which the explosive

composition may optionally also contain.



-4- The invention further provides a process for producing an emul sion
expl osi vé ‘conposition conprising enul sifying an oxygen-suppl yi ng conponent
apd -an organic nediumto forman enul sion in which the oxygen- 5 supplying
conmponent forns at |east part of the discontinuous phase and the od?%pic'
medium fornms at | east part of the contigpouous phase wherein the
emul'sification is effected in the presence of a nodifier which is capable
of reducing the electrical conductivity. neasured at a 10 tenperature of

[ ERR], of g_n envhsimgvaagemd ffm][rmhhep@blyogewsswpmwmgafarcorrponelnt and
organi c nedium in _the absenge of _a.supplenentar uvant 0,a_val ue not
exceedi ng %ﬁ?g%ﬁiBFcﬁﬁhﬁgfﬁéﬁfg.eéf%ﬁﬁ%ﬂﬁi?ﬁf&?ﬁgégaﬁs??Tgﬁi%ing |
oxygen- syppayl agf§Sngoaponayigears uppdyiing necipmmenrc haddiaan an enul si on

eXpl 0Si Ve gDIRRPL! h@H10RY 140 elkh LI I LI PEL LR Cohe CORPPERLVI LY Can

be forned omwe have observed that a surprising I nprov nt in the
st or ageS st swpplyyngf compoaepitofiormsc atpdsagtorPath v ®ehi eved. An adequate

20 storageg}ifsntsndBas" FnlakeaGRideaD dite SO0 | M ns0REUCEENELY
[err] of the enulsion does not exceed 60,000 piconmhos/netre., but preferred
expl osi vesP@%khi pft thec SRAGIMLOSY P&aﬂeeﬁ%%a‘f}‘ Xhootrpl sbhhearhek, g.s A

particul aréﬁféeséaabhe tARU lpTle@R nveD| oFS i &/ Cnccd ST twtoch 26s expabiéi ag | ong
storage stability, has an elecgtrical conductjvity [err f less than 2,000
and preferﬁbf9°$é§stgﬁaﬁqfﬁﬁf%ﬁﬂﬁnﬁﬂﬁéﬁégiﬁétzkﬁﬁ%ﬁ%ﬁ%% %# fhe specified
el ectrical tenapduatiureet p£fvAIOTES rnefy acquuls tdre foesedctron theonductivity
30 nodi fier,_as_hereinafter CrJ ) ﬁmll ' [ _ osiLtiLp@s
convent i on?aFY?léa%f'gP?l?étn%I esgg't 5@%%3’& uvan@f&?%%%e“%?gﬁgi ?? §§E| osi ve
per.f or mancabse8oehofdjausapipd emeci taky ddduvant nokd f§ vabeeoggt

charact eri g;kggdﬁ?;g?@go@geqt&mﬁr@_ gas bubbl es, porous particles or

m crobal | oons, to _
By selecting the emulsifiable oxygen-supplying

15 component and organic medium such that an emulsion
explosive composition having the specified low electrical
eonductivity can be formed therefrom we have observed that
a surprising improvement in the storage stability of the
explosive composition camn be achieved. Ah adequate

20 storage life is generally achieved when the electrical
conductivity (60°C) of the emulsion does not exceed 60,000
picomhos/metre, but preferred explosives exhibit a
conductivity'of.less than 20,000 picomhes/metre. A
particularly desirable emulsion explosive composition,

%’ 25 exhibiting long storage stability, has an electrical
‘conductivity (60°C) of less than 2,000 and preferably less
than 200, picomhos/metre.

Achievement of the specified electrical counductivity

- values may require the presence of a conductivity

30 quifier, as hereinafter described.

Emulsion explosive compositions conventionally
contain at least one adjdvant-to improve or modify
explosive performance. Such adjuvants include waxes to
modify rheology characteristics, void{pg'agents such as

35 - gas bubbles, porous particles or microballoons, to reduce



- 5- H33050 density, and solid particulate materials such
as carbon or alum nium to act as supplerrentary fuel conponents. Such
mat er €&, s i nfluence el ectrical conductivity neasurenents to varying degrees
and a |ikely to mask any decrease 5 conductivity conferred by a nodifier

in accordance with the invention. Vaku&s-of electrical conduci3esey herein
enpl oyed, are therefore deternined on enul sion conpositions devoid of

adj uvants of any kind which will influence the neasurenent of electrical
conduct i vAeRsity, @qs &2l Pavtinslater apteadeillsi Isiuch ofs memshemnent s, an

emul si on gIRRMANitddN d65 {OF n@ﬁ bﬂﬂylgﬁéﬁuiw Flle! I phae el | ONs P
di spersion %usually agueous) of the oxi di sef conponent into the organi c

cont i nuou@afREd@ Ifedinfh4ence ptheeEat g2t ﬁéPd&Ftévtiéﬂpé'(%ﬁﬁ]’r@‘%ﬁn‘ai’l ast
[ERR] for cad ﬁfrpﬁ.rdgodié)ébrééye?jﬂl nufesuEarmbs::Blt t&&tslkoﬁd?g)aélétﬂ:e?ééﬁci t
t he presence .0 i_t abl e, nodi a e stirredin o an
al regd f GPREES éﬁ‘ifsilsjﬁ comits it CF¥| éaP°§6§&56t F'\'?l %’f rdanes etk ant
enul si on ithet rimwenﬂasured!lamas coﬂdatécurlyaaelclondm:ivity THerepd |
conpri ses g edof elors a{@*&g§§ g%gng%ggagnele% g des arranged in

a on

par al | el |nta ned a Separa ||5’heral spacers of
pol ynet hylcmlvad-rt;ﬂ‘mse deig OPecémexan(:ir adeaM!r Ik)inldr ahidls wiill abl e).

Each el echeqdgehas %@W?&di’@m@h‘ffgfeegécg'i'?@aqf L:lﬁ'ilii] Ltaghed to

the rear surface of each plate is a sinusoi condui t roug Whi a
ther mhP nBdRGHLcEy HA- aRteTy Feprodueipditaveats @emqmemtme a:%ll at a

t enper at Uegudk 1[¢,ER!3]om~poasSI.dM Cgd CloPiled 8yl b2 BQOUQQ'Z #)r@pbe
sanp

| ocated in 3 pgrt i n épe of the 3? el ectrode p enul si on,
at a tenp&PABEteaSF LRI P?BéﬂﬁnaﬂBFHf‘st hé‘rfed:fhe i%ﬁi‘l‘h’cw bet vveeQJ
t he pl at esowpionle nar & nxpiarve o # PgeL Hctoh 0inKupab @nae&s wddva o 4 he

per 2her SpRBRREY, AT A ReFBTELER ol R e T A

15 period of five minutes. Emulsification may be effected in
the presence of a suicablé modifier, or the latter may be
stirred in to an already formed emulsion. The electrical.
conductivity of the resultant emulsion is then measured in
a conductivity cell. _ _ ’

20 The cell comprises a pair of 304 stainless steel
Planar electrodes arranged in parallel and maintained at a
separation of 3mm by peripheral spacers of _
polymethylmethacrylate (ICI's 'Perspex' (Trade Mark) brand
is suitable). Each electrode has an operative surface

2, and attached to the rear surface of each o

25 area of 10cm
plate is a sinusoidal conduit through which a thermal
- medium (eg hot water) may be circulated to maintain the
cell at a temperature of 60°C - as indicated by a suitable
thermocouple probe locaﬁed in a port in one of the
30 electrode plates.

A sample of emulsion, at a temperature above the
'crystalliéation point thereof, is ,placed between the plates
which are squeezed together to expel excess emulsion, the
peripheral spacers ensuring that a constant volume is |

35 employed in successive evaluations. Thermal fluid is then



-6- H33050 circul ated through the conduit until a steady
tenperature of [ERR] is recorded by the thérnocouple, and the. electri cal_

conductivity.of .the sanple in the cell is neasured using a Fl ke s
conductivity nmeter, Type 8050A. 5 In the case of an eng on
expl osi ve conposition containing an adj&vant, it is possibl 8 88080t ract the

oxi di ser conponent and organi c nmedi um by di ssolution in appropriate
solvent(s), to recover the extracted conponents, e.g. by distillation, and
to refornukédrevdnted ¢mrosiaih the gaendiiadpavbhta gheadFforaBREEARMTI® t he

afor ement | ggeq geRChY Gbordde £1P0! CrdNeROPAOBSLALE, TRAUEREENL OF |
el ectrical conductivity to be effected. Althoug the jnvention is herein

defined W ierssisnlafoRduatitdy hdthe i 1ARRIeebBuFRE FAlthdSabsence of
atn 15| | adbra‘éagh,reau@gia% VEOR1 YIS ddddduPBLvicy et 8t Gr UgpaEBOSOALOI dS etc,
lzorr\gosi Pi gngnofrﬁ‘}]g 'entf’é‘?ftﬁ g’:?/ %gﬁh’?‘gﬂ+€g§n%6ﬁ§§5??§: ??/L'ﬁggqut:ig’ruf h:‘aor use
i n accor dage@ twitninghad raenivaae , stiouisl poéseiblactborxlPast Ithast to a

degree, as an.emulsifier. |t should ef n LN ¢an
effective 853& ST BRPAN oafn,&jpr%%{ﬂbﬁ% %gég?%r?gef@gglé?ﬁggé’ht igll spersi on
of the di seppirioprdias eprrrskvetpphent¢ stecovenetbenexfgasseghase nmedi um

Such a.”DdEFhﬁbdﬁd'a}*3¥§¥(¥if&%%E!?ﬁégi&ﬂy|§£&i€6 QEfBbﬁpW@E%r@Qr
melt)-in-oi ype I'ch pronotes or facilitates the formation of an

enul si 8A i soRAisden e v id ok i adibtaphaste cBRpPFdasegnYiLBe SR (or nelt)
medi um and gigl3e eGRAH P HUE mzwprwesnaswi by @ppeo@adiatenedi um

I+

c

2 11 pophi | RE SRUReP Sin kA ST 440 | FOBESEEFBRGTy BPi BEpRLRRE e, - O
ex_ﬁ?ﬂt‘)i ting a hi gltafdigh tehd otnédet bohyiorhergini defededminTite ruspohilic
rovi ded ¢ A St S5 e arondalthufty CRRRERERS Bk EReYABachce’ A T
confer 15 adjuvant, such as wax, metallic particles, microspheres,

voids etc, it will be understood that any such adjuvant

may be included in the compositions of the iavention.

~ . Desirably a counductivity moaifier, for use in
accordance with the invention, should also function

20 at least to a degree, as an emulsifier. It should,

“ therefore, when employed in an effective amount, be
capable of promoting a relatively permanent dispersion of
the discontinuous phase component(s) ian the continuous
phase medium. Such a modifier will therefqre be an

\ 25 emulsifier of the water(or melt)-in-oil type which
promotes or facilitates the formatioun of an emulsion in
which the discontinuous phase‘comprises an aqueous (or
melt) medium and the continuous phase comprises an oily or
organic medium. Conveniently, therefore the modifier

30 comprises a hydrophilic moiety and a lipophilic moiety and
generally will be strongly lipophilic, i.e. exhibiting a
high affinity for the oily or organic medium. _

The lipophilic moiety of the modifier may be either
monomeric or polymeric in nature, provided that it

35 contains a chain structure of sufficient length to counfer



-7 - 33050 the necessary enul sification

characteristics. The chain structure should incorporate a backbone sequence
of at ast 10, and preferably not nore than 500, |inked atons.these may be s
entir carbon atons, or they nmay be 5 predom nantly carbon atons
interrupted by hetero atoms such as oxygen or nitrogen. Deg f3afglsy the

| i pophilic noiety conprises a termnal reactive grouping, such as a

hydr oxyl, ami no, carboxyl or carboxylic acid anhydride group, to pronote

l'inkage otné haebbaeamyl le@xﬁcsimcléwwrmtaéeehymebl || eheDichlatn A
preferred t¥ge of &4%;# noiety is a atu ated or unsaturated

hydr ocar b8h ﬁ&Pﬁedé #Qﬁ° AFe, 8¢ %ﬁ* one| §RAPeFre, Ofo s olefln
the pol ynteagbailn,canidaiptiefe fabily 4ot ondHd thahoB00, 0N aked tadhd

pol yol ef i i ncl ude thos derlved fromo eflnsggog a|n|n g;on12 to

carbon at S€i H‘Sa?ﬁ. %%Wnﬁ%ﬁ&?n p?fén £Zn82%7 3id | soprene, but
espeC|aIIyredobmnenalyCmmnhumyﬁuqmsntﬂmqmnmpee# hrpyheSegrowitdas by a ‘
pol y[ al k( | Lsu hes co r Giggls! Iable
materlalsga%x hga?%5#a§EQ§h an add %}onﬁ?igg?ﬁg qggnﬁi?e$*f§§ t enperature
bet ween amgéﬁyﬁlepﬂmrééﬁﬁmQMQﬂfQ#QQ#rﬁ?ﬁﬁtﬁhsaSEPaPéGSQréﬂﬁhaﬁd ifal ei ¢

anhydri depy@pbk903! lain® ! Ga Y SSLNCOE oéaabaﬂwﬂenaegaalamtyarm cal
poly(lsobutylene)su00|nlc anhygrldes 5 have, nunp aver age nol ecul ar

wei ghts | BTPABsr &RgE T2 % sﬁﬁil%*ﬁ°ﬁhﬁ§aF|&8 &sidue in the
above1uenappaegraamaomgd&q@hmmikﬁn&&@@ﬁven|ent neans of attaching the
l'i pophilic hydrocar an. c nto lLic of 30 .the
conductivity r’rﬁdPﬁ Frrg d:yspc%s pglgé B\?fgﬁo?ﬁ é]sma tsfﬁé’r(ﬁted
I|poph|I|crnunehyumatphamyﬁmunszdncnhedmodanvedbt&nnedxbppﬂha _
'”terESteEkiﬁcétggg Qe rORG U JBU SR #{ AL CEn " gﬂzﬁFHrQEQQ | ong_chain
(e.g. up to n at ons) nnno roxy honoca I c acl s 35 ..
optlonalIyonhaééﬁpxtémgnMQQ1ﬁprﬁ rearbporatons of §né=sb1NDre

non- hyslr oxyh &61029362MARNIdeE ks 44 PEvd @t EREm olefins containing

from 2 to 6 carbon atoms, in particular ethylene.
) propylene, butene-l and isoprene, but especially _
isobutene. Conveniently such a molety may be provided by
‘a poly[alk(en)yl]succinic anhydride. These are
20 commercially available materials which are made by an
addition reaction at an elevated temperature between a
polyolefin containing a terminal unsaturated group and
maleic anhydride, optionally in the presence of a halogen
catalyst. Typical poly(isobutylene)succinic anhydrides o,
25 have number average molecular weights in the range 400 to
5000. | | |
The succinic anhydride residue in the above mentioned
compounds provides a convenient means of attaching the
lipophilic hydrocarbon chain to the hydrophilic moiety of
30 the conductivity modifier, as discussed below.
Another useful type ‘of lipophilic moiety is that
derived from a polymer obtained by the interesterification
of one or more saturated or umsaturated long chain (e.g.
. up to 25 carbon atoms) monohydroxy monocarboxylic acids,
35 optionally in admixture with a minor proportion of one or

more non-hydroxylic monoccarboxylic acids (the latter



- 8- ' H 33050 acting as chain termnator). Commercially
avai l abl e 12- hydroxystearic -acid normally contalns a m nor unt of .
stearic acid and this substance, for exanple, may conveni ent be used.wi th
or without adm xture of 5 further nonofunctional material to_yield by "™
Interesterification a suitable conplex ﬁn%otarboxylic aci d. éﬁ@lﬂg upon
t he proportion of non-hydroxylic material present, the nDIecuIar wej ght of
t he resultin conpl ex

a 500 to

Interesterif c&dngn 3 4ﬁ%§9ﬂ#&ﬁé§ﬁ%&@rg%d g%ﬂme g?%%§l?3‘ﬁ%ﬁgégr3§xyllc
aci ds may behqﬁ&ea@e&dqwﬂdulmidenﬂwnsﬂm5 céotatnanpl sibhyrheavung wife
reactants. in rogarl yl ' ol ence of a
cat al yst §Ucﬁ%§§'tetra %?% {% &ﬁ%%£§Cé %ﬁ? ekgmﬁggfgﬁg i cation
product s ntanneMAQﬂﬂiznﬁanﬁ%dawt@hn¢ha?ith?%bxyﬂmgFGBEemhﬁch provi des a
reans of 3“%@:@ gt %ddﬂm&id&ap%y@ﬂﬂlch@ 91&Qaab§wtabl e hydrophilic

r

gr oupi ng. “Thée hydrophilic noiety of a modifier use in 20 accordance
with the |nvéﬁFFGﬁ%Q§ﬁiﬁ¥ﬂaq#PQ%&U%&iEﬁb%ﬁdcgﬂP%&El9°EBﬁﬁF|Qég 4% g c

residue havi pg anmlnegctupafn Vﬁgmrmrmee&f nﬂoﬂ5ﬁydﬁ69irﬂab|m!tﬂﬁ'ﬁal

di 300. d t f b di
Séfgsniggng PﬁéggpﬁfarI(ﬁiéifghigguﬁé g#é @gtgggﬁggﬂgggaﬁgrfﬁﬂP&Sﬁ'fron1an
ionic noletyacaﬂthQMdamyrﬁﬂdnhﬁmm ts Heoeinafter described, is to be
T hegar 487 o et e it £iCa L 2o 03k | ALY nURARTAELEy § hhwh '

ollgoner group| alni hg, exa an. about 10 _
repeat un|tshy&nq;jﬂiqudugnnqunzW1deGCi&e GOYHDPeeraFtﬁélghtk@W@Feof is

wi thin the afqr %r;?ﬁratsdeogﬁedféf r‘%%am&é%@ﬁeﬁ?i‘ﬁgﬂhﬁ gbaURIaAES MRY e

der.i ved fronlpo such as ycerol,” pentaerythritol, . and sorbitagl or an
i nt®f nal anh}ﬂmdlrd’@attl’@rﬂecﬁﬂ(‘ee‘gt woehi 28nFylerem 4Ri fBE 2agReasetfyl%ne

di anine, di etdalaAya d r4adh Nés awcs&baegsamamopropyl ami ne; from ani des
such as 2 hydroxypropanolan1 e; from al kanol am_nes such ag _
he interesterification products contain in the

molecule a terminal carboxyl group which provides a means
of attaching the lipophilic polyester chain to a suitable
hydrophilic groupiang.
The hydrophilic moiety 0f a modifier for use in

20 accordance with the invention is polar in character and
suitably comprises an organic residue having a molecular
weight not exceeding 450, preferably not exceeding 300.
and particularly preferably not exceeding 200. In

" determining the aformentioned molecular weights any

25 contribution from an ionic moiety, optionally introduced
as hereinafter described, is to be disregarded. The
organic residue is desirably monomerice, although
oligomeric groupings - containing, for example, not more
than about 10 repeat units - may be employed, provided the

30 .molecular weight thereof is within the aforementioned
limit. Suitable monomeric groupings may be derived from
polyols such as glycerol, pentaerythritol, and sorbitol or
an internal anhydride thereof (e.g. sorbitan); from amines
such as ethylene diamine, diethylene triamine and

35 dimethylaminopropylamine; from amides such as
2-hydroxypr9panolamide;from alkanolamines. such as

ethanolamine or diethanolamine; and from heterocyclics



et hanol am ne or di et hanol am ne; and from heterocyclics 9 _

33050 such as oxazoline or imdazoline. Suitable oligoneric groupi ngs

~includegshort-chain pol y(oxyethyl ene) groups (i.e. those containing up to
10 eth e oxide units). The sinplest ¢t ype of nodifier cong |§5§| pf

single nononeric or oligoneric grouping attached to the |1 pophiTi

noi ety. Formation of conductivity nodifiers for use in accordance with the

i nvent i on swsh hes ed£££6 BndY 0 €0NKEARIZANT NS Omttraeagléie&ﬂlg'wgri'@o“ the
chem cal nature, 10 oI e,li ggﬁgl | i ?nd h roph| lic noietrtes involved. For
exanpl e, \ﬁ?‘t GUPLIES | ?jf)g'ﬁfl?l | ef‘g? Sy 3%& SHRALA ML) EEREPRI c
anhydri de Gnae & @Mrmﬂntaininfal eby tios 1@ ﬁcﬂhﬁojetw oaﬂ.fé kedOt 11 ne, !heb
anhydri de grou e t he dr.oxy a y
15 yheatl ng thgnt%\‘/(r;s co %%gnggsgo ﬁmd\i’:ﬂ f SP% ailbﬁ o v%n‘TmW ew
presence @OTPRERIS ya¥ ﬂiaegeréd zrbuuésm edtafchrethttionttod such nodifiers

may be ef flaGldrhiti ihdi et Pl example, by heating the two conponents
(preheated if necessary)elﬁ the -organi ¢ continuous phase medi um of the 20

emul sion for arf &fRASHIRaPE ePRdugEdvAtyamoddfiars far teswetmt ure. Were

the Ilpophjddwrmﬁ ywishanseﬁpheéna@BaCﬁr ?%ﬁé‘ o fad b g the carboxyl group
can be caused si r?a y to r act wi,ith the hydroxyl or am no groups in a

pol yol or SQWSTHh .PEgce “resTﬁEPﬁBSFFlser"é’%)Fb&e renl ¢k -rakpee
char ader ofaghen tiwophd Lisé raidonyddbsﬁmiied mdlQ\¢td e PUnddBYe dBY For

f h f or, exanpl e, the substances
glat :lr EZEZJI \é? réﬁe ﬁong r%g iﬁﬁyﬁgg%ﬁpg"gl"égerﬁs |anm; non-ionic modifier
with a st rporlg(d@@mm)mcphuphenhydmﬂé aadd tihfe desd rephsubsequent |y
neutral i sipRd eleye 1 AUsd1ybi ho@mnhfkgﬁpigmgrngam ﬁihbaahnehcyr ejﬁﬁ??gl ¢ heyu

may be cationiC in nature, wher'e ety
i ncor por att@® thge qaébﬁ%et‘bff%taﬁbl yarhnt erhadhemlowclamiumrmmd by

15 heating the two components :ogethe: in a suitable-solvent,;
1n_the presence of_a catalyst 1f desired. 1If desired,
formation of_such'modifiers may be effected ia situ, for
example, by heating the two components (préheated if
necessary) in the organic coutinuous phase medium of the

20 emulsion fdr_an_appropriate time and at an appropriate
temperature. Where the lipophilic moiety is a complex
monocarboxylic acid, the carboxyl group can be caused
similarly to react with the hydroxyl or amino groups in a
polyol or alkanolaumine.
25 The modifiers may be of a noa-ionic character, as in .
the illustrations discussed above, but they may
alternatively be of an anionic character as, for example,
the substances obtained by reacting free hydroxyl groups
present in a non-ionic modifier with a strong acid such as
30 phqsphoric acid, and if desired subsequently neutralising
the product with ammonié or an organic base. Yet again,
they may be cationic in nature, as, for example, where
the hydrophilic. moiety iucorpora:es the residue of a
polyamine or a_hete;ocyclic compound.
35 The compositions of the invention may comprise a

single modifier,.althqugh a mixture of two or more



35 The conpositions of the invention may conprise a single nodifier,
although a mixture of two or nore - 10- 33050
nodifiers may be enployed, if desired. The nodifier(s) nm |ncorpora1ed
into the emulsification nediumin conventional. manner. The“Anmpunt of ¢

nodi frer required in the conpositions 30 of the |nvent|onlﬁs%ﬁ9ﬁ9ajly

smal | . The required anmount of nodifier is readily assessed by sinple
experlnental |aI and is generally ser d t.o be w thi r e of from
0.1 to 5. 0° ﬁ) tﬂ%7f?%n$5?§°¥5d 8? gﬁ 559?|C%P5FP¢4&€;%5 y from
0.5to 2. @ay%&g/ mmond:w theot ohal eaupbaficatdonparidiivan.LoEnul sifiers

hi t hert '#hg g oguction of emul sion expl osive conpositions have
convent?§23 een He wat er(or melt)-in-oil type, as hereinbefore
descri be and Tenangunt oxfinedifiiapdreghired- LRpsphei Icompbs itdlcyace ( HLB)

of lessg tlygn ﬁ@wna&:mm§n$¢éééafi§ ghe1hgrei &h@escgr ui%aasmunt |

conventional enulsifiers and desired one or nore ereo y (but need
not) be |ﬁa|ﬂﬁ§}q%ﬁﬁﬂ#ﬁn’%ﬁ?%lbnésﬁﬁsﬁﬁ#ebﬁDGFFPéFsexﬁeﬂéFWMQQA ng the

emul si o]p ft&?'aqs,l \éext&qfﬁ)%édﬁéxtgﬂﬁlﬁfoﬁbérP?&tSEBt bbnﬂgh:iﬁn %inﬂq\é\/%\fert )
successfu or atio stora i readily achieved in e
absence oft T, 3“b3ﬁV% g?' é???@i %ﬁ éu?téﬂlz *Qon?&%t i onal
enulS|f|emaﬂuﬂunﬂxzﬂy(hthébedlinfdehaOL5|nothesl|ueMQt&kagwuidﬁmlude,
for 2506XQ%Q|% t(¥ﬂg éHks er€ ?égsgggs sorbitan sesqui ol eate, sorbitan

nonool eat e, sor nopa BRtan nonostearate and sorbitan
tristearate, tﬁmuﬁnﬁﬁiqxﬁjhﬂghqtewldesloieﬁainfoha1pgoﬂammﬁamnmﬁ

Sovabean laghiiich Uh 1Yl L4g0 01 #aﬂgehgvesusnvaaeimﬁa B lheasters of

30, lanolin atty aC| m Xt ur e nmol ecul ar fatty al cohol s
and™ax e®ferhe & O&tétslfhlriynevhbréypsuchSabepeﬁly@ﬁfetrﬁy| ene(4) lauryl

ether, polpe@eraivdd enid)gddeyal By Nekn1 HRLYRXKGHRYpRESE 219509 mhl11 ¢
15 balance (HLB) of less than about 10. Such emulsifiers are
herein described as convenfional'emulsifiers and if
desired one or more thereof may (but need not) be included
together with one or more modifiers in formulating the
emulsion explosive compositions of the preseat invention.
20 However, successful formulation and storage stability is"
readily achieved in the absence of a conventional
emulsifier.
~ Many suitable conventional emulsifiers have been.
described in detail in the literature and include, for
Rszs example, sorbitan esters, such as sorbitan sesquioleate,
sorbitan monocoleate, sorbitan monopalmitate, sorbitan
monostearate and sorbitan tristearate, the mdno- and
diglycerides of fat-forming fatty acids, soyabean lecithin
and derivatives of lanolin, such as isopropyl esters of
30 1lanolin fatty acids, mixtures of higher molecular weight
fatty alcohols and wax esters, ethoxylated fatty ethers,
~such as polyoxyethylene(4) lauryl ether,
polyg;yethylene(Z) oleyl ether, polyoxyethylene(2) stearyl
ether, polyoxyalkylene ocleyl laurate, and substituted '
35 oxaiolines, such as 2-o0leyl-4,4'-bis(hydroxymethyl)-2-

oxazoline. Suitable mixtures of such conveﬁtional



et her, polyoxyalkylene ol eyl laurate, and substituted 35 oxazolines, such
as 2-ol eyl -4, 4" -bi s(hydroxynet hyl )-2- oxazoline. Suitable m xtures of such

convent jonal - <11 - H 33050 enulsifiers may also be
sel ect or use, together with one or nore nodifiers, in_the conpositions
of the“gresent invention. The requiTed anount of conventiBndPO&Rulsifier is

5 readily determ ned by sinple experinentation, but generally the conbined

anmount o i £ S n nyent i . e sifier(s) wil] not_ exceed about
5@6by'vw§%ﬁ#§%éi€%% %g?aglggpﬁgsffgg%&ﬁélgﬁﬁc%ﬁefﬁéﬁﬁ?L%?SpBFPFons_of
emul si fiere oo/ werepupfiifdersy Ha the dompasihiexsest theupteseatvi ng as a

suppl engif @l nf 4464 . fOr the conposition, but, in general, economc 'G?Eie

considerations dictate that the amount be kept to a m ni mum comrens]
Wit h accept abfe peeiBiAgdcamomns Of gonvanipional ewwbohtherofst he ¥

di scont iruiiis1 fodebast1aeit 35! %161 ieShe e d fi k! 6@kt capabl'e of .
rel easi i n, an explosive environnent in an anppunt and at a rate

sufficig%ﬁgggfg%fﬁPeaEEB tagde aBeRssiafe R e Rie 2t 804 on t he "emul si on
conposi tdonved tiéwali ematbdifier (39 &wd 1A0MEANtd K Ed d YaBo®t 05Ldpen the

production A0, of - epul sj xgpl.agi ve conposition an uji tabl e for
incIusig%&é?%réfcgﬁ%oggngngx i°fﬁg°pn&§ﬂﬁsﬁﬁﬁkﬁnigﬁfs.?5 di scl osed, for
exanpl e,prigpdiS e entf 3eddIs2¥3 eandnidieirude dinfilot umayabés and salts of the

al kalg - & i Ngs h . ' hlopate and 25
per?rﬂ orate %a ts gﬁgg%ngxtaﬁ‘?té‘gkt%hg?eo E%ﬁ%?sﬂéé&%‘gﬂsgﬁs%?ﬁ | ude
hydr azi fe@ hithat eompris hrdanpebul,odat geapra loxyaganeudhpl yi ng conponent nay

al so corgyrnsMidraeLédls 8UePade Rhlti GhaCishoult be ked¥MPHiymnitrate is
pr ef erabliy "refg})l oyed as a pri rrarggom diser salt conmprising at |east 50% by,
gt B

igh eRBPPRILNYLLh AccoRTIM P fAARIRSe ed, i f desired, by
a mnor (not The ety Hén SPGpPY yhigdkonpdtedt oFf the discontinuous .

15 phase Sui:ably comprises any oxidiser salt capable of
releasing oxygen in an explosive environment in an amount
and at a rate sufficient ﬁo confe; acceptable explosive
characteristics on the emulsion composition. Inorganic
oxidiser salts conventionally employed in the production

20 of emulsion explosive compositions, and suitable for
inclusion in the compositions of the present invention,
are disclosed, fdr example, in US patent 3 447 978 aad
include ammonium salts and salts of the alkali- and
alkaline-earth metals ~ such as the nitrate, chlorate and B

25 pérchlorate salts, and mixtures thereof. Other suitable - -i;
salts include hydrazine nitrate and urea perchlorate. The -
oxygen-supplying component may also comprise an acid, such
as nitric acid.

30 Ammonium nitrate is preferably employed as a primary
oxidiser salt comprising at least 50% by welght of the
oxygen-supplying salt compbnent, supplemented, if desired,
by a minor (not exceeding 50% by weight) amount of a
secondary oxidiser component, such as éalcium nitrate or

35 sodium nitrate. A secondary oxidiser component may be
incorpofated into an aqueous discontinuous phase but its

presence is particuiariy desirable if the oxygen-supplying’



secondary oxi di ser conponent, such as calciumnitrate or 35 sodiumnitrate.
A secondary oxi di ser conponent may be incorporated into a queous

disscont i nuous -phase but its presence is particularly desi le if the
oxygen- suppl yi ng -12- H 33050 conponent is to be -#%
incorporated into the enulsion in the fidmof a nelt, i.e. BEn38A80

substantial or conplete absence of water fromthe di scontinuous phase.
Sui-t abl e secondary oxi di ser cqnponents mhich forman eutectic nelt 5 when

heat ed t ogEPRBPRGRELLEMTBNPEMIMOTROF 4 5Rd JRF T oty AL 3kPRi LBr salts of
the kind henei Bbenob€ demenithed .esudh ashd hvuttdmt £51 odr | eadplatbver,

di d | ci d i d h -
Dol y- hy AR B P B BonBoldss T Adet T MR L BFE 20" GPYEER> 181 ycer ol
manni tol , “secondakyandigdseaecpmponenits cevinihytbat esn swcécticgheatose,
SUCT0SE€q f&H&LOﬁﬁa@QQ %'ﬁ‘?e%%’r_ 1'%“%%&%4’%%%&@019&1@&‘9 their

derivatives, such as formc acid and fornmam de, and organo-nitrogen
conpounds, 1aetganicypzi digeirngaditisn® fnithentkd v cheare irkefier eyl ene

tetranm ne, §@pdr fFHXaYr 8achh@sCehe hitcdatdsehe e £ £1 A SOFP@SLAI ON MAY
additional ly conErlse a solid oxidiser conponent, such as solid anmoni um
nitrate or33¢mBALeePer @fdorFSenl ¢ GARAAWAAY y FYLH N2S (BOROBFaPRi | | s or

powder, resprgthyar¥xylic compolidisCAlddludiifr Gistiddd D) Osish phans nay

A AR TR R M IO W S R S
conposi ti onarbbbydracest,i suehs aghglacuse peswntdise] Vf revbogle odndat er, in
Lhe 035 ShafeEL STYpHARD S0V YIS Sl £ AALE| Yo DLGRE GRS O
pr eTérabl yskebmag £ornse byideiagidt foirmandden #ndIMERIQTBHEIIREROr gani C
medi Um capadhfohabOr BLRE hLide (T, MLy 3 hiHIASE Ofa A £h¥! ST On explosive
conposition 1 h accordance with the invention serves as a fuel for the
expl os}¥e hexamethylene tetramine, and mixtures thereof. ‘
If desired, the emulsion composition may additionally

comprise a solid oxidiser component, such as solid

anmonium nitrate or ammonium perchlorate - conveniently in

the form of prills or powder, respectively.

20 Typically, the discontinuous phase may comprise from
about 20 to about 97%, more usually from 30 to 95%, aud
preferably from 70 to. 957 by weight of the total emulsion
explosive composition. The discontinuous phase may be
entireiy devoid of water, in the case of a melt emulsion,

s 25  or may comprise relatively minor amounts of water, for
example - from 2 to 30X, more usually from 4 to 25% and
preferably from 8 to 182 by weight of the total
composition.

The organic medium capable of forming the countinuous

30 phase of.an emulsion explosive composition in accordance
with the invention serves as a fuel for the explosive
composition and should bde substantiq}lj insoluble in the
component(s) of the discontinuous phase with which it
should be capable of forming an emulsion in the presence

35 of an effective amount of an appropriate emulsifying

~agent. Ease of emulsification depends, inter alia, on the.



conposi tion and shoul d be substantially insoluble in the conponent(s) of
t he di sconti nuous .phase with which it should be capable of forning an
emul sion in the presence 35 of an effective anount of an appropriate

emul sghyi ng agent. Ease of enulsification depends, inter alia, on the

- 13- 33050 vikxosity of the organﬁc3ﬁ960un1 and.

al t hough the resul tant enul sion may have a substantially solid continuous
phase, the organic_medi um shoul d be capabl e of eX|st|ng initially in a

suf fi ci ehe#9sLtHi afsthee origand chmediumy 474 relpbousht Ebappropri at e
terrperaa.tweladhusaﬁmuohommaveewlﬁiﬁesﬁwﬂn? poegged. Suitable

organi ¢ nedi a which are capabl e of eX|st in th quid state at
conveni EMt EERBP LR ORRABRILIFRE ST FAM R 4&%& ?m%?ﬁﬂebEaFﬁP&Pé& aﬁd\g(
unsatura&edtahgphatmaalayammerwxﬁﬂﬁxnfauknpafboﬂe s@adeni xEures thereof
Preferred ne ref n er oil, diesel oil araffin
oi | éapetf‘?‘éﬁ' efdjagﬁl g§ ? °n“be%(r%1’z<(aarﬂ=?r% oﬁ{re% ?%Tﬁff?s?ﬁfuene stylroene,
xernes#dﬁmdtnenturss mhewd@femuisificaﬂtpmdd¢tponceedkhe organic'fue
medi um the. cgi ¢ QYOS oRGANA e AN WAL Ya FOTRLLIE1E ¥Xakat20l O the

r heol og e system ~al t houg e presence of a wax I's not ne essary to
achi ev Qhéhee%ineédceﬁe&ﬂlaﬁtquwanieptszmwhmienmégeguﬂnsnaee petrol eum

m ner al ae@peeaw%s aaélwas.eeta:\@ﬁ?ed Tdifa p&@é@éaeﬁc&exeiiaﬁuw&el ting
te eratures of |l east [err] and are readily npatible with the forned

Qi #pd A?b?EfE?Fe&yﬂéfqiﬁ?ﬁ¥ﬁnﬂﬂqquﬁ¥ﬁ&%ﬂ%tEP%‘Fﬂfa range of from

about [pféiefaeESEedZE includeenayfided @émconttﬂuwuphaie (i ncl udi ng
wax( es) from 1 t erabbépf romz2 to 8% hy

v o) gd b R0 baS AT Fheed 00 B SRR, (0, Y
exanpl etohuaneangend\i:rbrtomuhnup tax yre e , exoehe&é)% nayd baikeckeeat ed 30
I f desifged.oggditional components may be incorporated
15 In addition to the organic fuel medium the
continuous phase may optionally comprise a wax to control
the rheology of the system, although the presence of a wax
is not necessary to achieée the desired conductivity
levels. Suitable waxes include petroleum, mineral,
20 animal, and insect waxes. The preferred waxes have
melting temperatures of at least 30°C and are readily
compatible with the formed emulsion. A preferred wax has
a melting temperature in a range of from about 40°C to
75°C. ' ' e,
25 Generally, the continuous phase (including wax(es), o
if present) comprises from 1 to 10, and preferably from 2
to 8% by weight of the total explosive composition, but
higher proportions, for example in a range of from 1 up to
15 or even 20% may be tolerated. -
30 If desired, additional components may be incorporated
into the compositions of the preseant inveantion. For
example, supplementary fuel compouents may be included.
Typical supplementary fuel components suitable for
incorporation into .the discontinuous phase include soluble
35 carbohydrate materials, such as glucose, sucrose,
fructose, maltose and molasses, lower glycols, formamide,

urea, methylamine nitrate, hexamethylene tetramine,



I nto the conpositions of the present invention. For exanple, ppl ement ary
fuel conmponents nmay be included. Typical supplenentary fuel.@ponents

sw table for incorporation into the discontinuous phase include soluble 35
carbohydrate materials, such as glucose, sucrose, fructose, naltose and:.
. nol asses, |lower glycols, formam de, ureal4nethylamne nitratd 33050
hexanet hyl ene t et ram ne, - 14- H 33050 hexanet hyl ene
tetramne nitrate, and other organic nitrates. Supplenentary fuel
conponent s hexgmerhy lsae tenmaninedditrate heandnothéousrghade i ncl ude
fatty 5 acihdgraltiegher al cohols, vegetable oils, aliphatic and aromatic
nitro organic- conpounds such as dinitrotoluene, nitrate esters, and solid
parti cul at e ;mat eSeAPd eneat ey hel ¢pmponents cuhbeh may BRur, al umini um

and nagnes Eaho%wam qri&dafcmecmﬂw@i%easi@szﬁebedeleaprl errtent ary
ement ary

fuel conponent np | f de5|red unt of supp

f uel coggonéﬁégf’e*ﬁéaﬁijﬁﬁggﬁﬂ}%afY%%F?ﬁ ﬁicﬂfﬁﬁncélﬁPPﬁtéﬁeaPéqU|red
charact eri saromatfict bt traagddinScodpbynd®, geaehahs dihiictbtollaene ,a
range of frg 0 30 refera I m % b t of he t ot al
emul si on expgégf%g conp05|1| $)%##%§e%?ﬁ%935535 ¥8§§1?Eﬁkfﬁﬁ ad8nts may
be i ncl udedeceali,hgraphics i icarhon{ siebpher, -alenénihinyand saghkesdwmunt s up
to the order of Q.43 'Hl#¥éﬁ§”é¥”Eh{rﬂg}éigpeEQré dé%@éiﬂ@hght of the tota

epr03|ve conposi tion. Typical thickenling agents inc natural gums, such
as guar 1Qunssprdementarye S uelereMpongRit & ymaicbe cepplomeds, Lfarticularly

t hose derivadgfiz@a.acryl am-de. M nor anounts of non-volatile, water

i nsol ubl e 25 polénerlc or elastonerlc materials, such as n?G ral rubber,

synt hetic rubber IRAUR S t%ﬂ%ﬁkﬁ%ﬁ&‘bﬁylﬁ%%FpSPHP@BePﬁ t he
contnuous phpieyeluidadblie padyied | Tn aslek 6t d£hce NL vHechyt adiqaaeedt yr ene,

| sopr ene- characteristics of the compositions, but, {in general, will

15 1 be in a range of from 0 to 30, preferably from 5 to 25, Z

yy weight of the total emulsion explosive composition.
Thickening and or cross-linking agents may be

included in the compositibns, if desired - generally ia

small amounts up to the order of 10: and preferably from 1

20 to 5, Z by weight of the total explosive composition.
Typical thickening agents iﬁclude natural gums, such as
guar gum or derivatives thereof, and synthetic polymers,
particularly those deri?ed from acrylamide.

Minor amounts of non-volatile, water insoluble
KJ 25 polyheric or elastomeric materials, such as natural
rubber, synthetic rubber and polyisobutylene may be
incorporated into the continuous phase. Suitable
polymeric additives include bu:adiene-stytene, isoprene-
isobutylene, or isobutylene-ethylene copolymers.

30 Terpolymers thereof-may also be employed to modify the
continuous phase, and in particular to improve the
retention of occluded gases in the .compositions.

Preferably, the emulsion explosive compositions of
‘the present invention comprise a discontinuous gaseous

35 component to reduce their density (to less than 1.5, and

preferably to from about 0.8 to about 1.4 gm/cc) and



-

- i1 sobutyl ene, or isobutylene-ethylene copolyners. 30 Terpol yners thereof may
al so be enployed to nodify the continuous phase, and in particular to
i'mprove the retention of occluded gases in the conpositions. Preferably, .
t he emul si on expl osi ve conpositions of the present invention conprise a

di scon uous gaseous 35 conponent to rgdece their densityg(t3ggsgss than

1.5, a preferably to fromabout 0.8 to about 1.4 gnicc) and - 15-

H 33050 enhance their sensitivity. The gaseous conponent, usually air, may

be i ncor pprherdei fhelrhe eashrdsiitions Iﬁettns@meseubmpaueﬂtlOHsa&Ihwne gas

bubbl e chePer agg bl 24 £ FBES | {4070 UBbL OV BL L/ FRanh C are

often referre 0 as mcroball oons or mcros res, porous partlcles or
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15 sodium borohydride, and carbonates, such as sodium /
-carbonate. Preferred chemicals for the in situ generation
of gas bubbles are nitrcus acid and its salts which
decompose under conditions of acid pE to produce gas
bubbles.  Thi6urea may be used to accelerate the

20 decomposition of a nitrite gassing agent. Suitable hollow
particles include small hollow microspheres of glass and
resinous materials, such as phenbl-formaldehyde and urea-
formaldehyde. Suitable porous matetials include expanded
minerals, such éS'perlite. _

25 The gas component is usually added during cooling \*i
such that the prepared emulsion comprises from about 0.05
to 50%2 by volume of gas at ambient temperature and
pressure. Conveniently the occluded gas is of bubble
diameter below 200 swm, preferably below 100 .m, more

30 preferably between 20 and 90/~m aﬁd particularly between
40 and 70/¢m, in proportions less thamn 50%, preferably
between 40 and 3%, and particularly preferably between 30
and 10%Z by volume. Preferably at least 50% of the
occluded gas will be in the form of bubbles or

35 microspheres of 20 to 90/bm, preferably 40 to 7q/¢m
internal diameter.: :



pressure. Conveniently the occluded gas is of bubble di amet el ow 200
[err], preferably below 100 [err], nore 30° preferably bet 20 and 90
[err] and particularly between 40 and 70 [err], in proportions |ess than

50% preferably between 40 and 3% angd p grLlcuIarIy pref er alyl v alpstoreen 30

and 10% by volune. Preferably at least 5
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eae Stll’l’ln to a tenperature of
gaseous components may then be introduced th further

agitation until a homogeneous emulsion is obtained.

An emulsioniexplosive composition according to the
invention may be ueed as such, or may be packaged into
charges of appropriate dimensions. -

The invention is illustrated by reference to the
following Examples in which all parts and percentages are
expressed on a weight basis unless otherwise stated.

' EXAMPLE ' 1

This is a comparative Example, not according to the
invention. -

A mixture of ammonium nitrate (76.7 parts), and #ater
(15.5 parts) was heated with stirring to a temperature of
85°C to give an aqueous solution. The hot aqueeus
soiution was added, with rapid stirring, to a solution of
a conventional emulsifier, sorbitan sesquioleate (1.5
parts), in refined mineral oil (3.8 parts).

Stirring was continued until a uniform emulsion was
obtained. '

A‘sample of the emulsion had a& electrical
conductivity, measured as hereinbefore described at 60°C,
of 150,000 picomhos/metre. _

Glass microballoons (2.5 parts; grade C15/250



[err] to give an aqueous sol ution. The hot aqueous sol ution was added,
.with rapid stirring, to a solution of a tonventional enulsifier, sorbitan
sesqui ol eate (1.5 30 parts), in refined mneral oil (3.8 parts). Stirring
was comued until a uniform emnul sion was obtai ned. A sanple.of the

enul si ad an electrical'conductivigy measured as hereinbefore described
at [err], 35 of 150,000 piconhos/ nefre’ G ass ni cr obal | oorfs %%0% parts;
grade- C15/250 -17- : H 33050 supplied by 3M were added

to the renai ft enul si on,and_t hotoughl ed therein. The

conposi t i*ST R \r}g daqT )% e’é%o?g%ﬁg \Rﬁs%%‘ﬁe%e&é&%ed % heconventlonal

cyIindrieduquﬂnn amﬁtthdgeegblySmtaeﬁimgeﬁbamnters The. conp05|t|on

brepar od. 1as Tl Kbd o SV o, hb! bERbudu?TE! Yool fhdThes %é&ldgyof 25
storet

mm di anet er vvere at a errperature (0] err wer e perIOdI
tested f Packageseriknte wwve:sﬁhgnalssaﬁéarlaimls mecma&adrtrt@ses of Af ter

storage Kk n\@e&saﬁ@@epaitrtﬂgeaokebkeéﬂaa ,1@le0epa fefMRlds 2 The

procedure of Exanple 1 was regeate save that the surfactant used was a
ni xt ure &Puprdy "ﬁhr‘ia‘b? aofpitiRalsdiangtes of @ AR 0.92 iR 1d&®s 2% Fodi fi er
conpri si g aml: aﬂia(umlﬁ Jwép@depsaea at raoltxélm%ew:emd &RICPo N Cagdhydri de

(nunber avera 1200 with a ec r wej ght distribution
up to 300’@'%3’&&%& %V\g gFEﬁaiga théﬁnﬁ'gutvﬁ'et )r‘?@r%di ents with
stirringsatanalaki tNopkrdétiseavdrflerr]. The electrical conductivity of the

enul ﬁgon at 60&%%%}61&%9 p{:go?hgﬁl thGe g%rtttrxj %3{ pgﬂ)ﬂgd stored and

teste as descri a storage I I n-excess of 80 weeks
25 at a tdetpaataw e of 10C. :

EXAMPLE 2 - QJ
The procedure of Example 1 was repeated, save that
the surfactant used was é mixture of 1.0 part of sorbitan.
15 sesquioleate and 0.5 part of a modifier comprising a 1:1
(molar) condensate of polyisobutenyl succinic anhydride
(number average molecular weightOIZOO-with a molecular
weigﬁt distribution up to 3000) and ethanolamine prepared
by heating thé two ingredients with stirring at a
20 temperature of 70°C., o
The electrical conductivity of the emulsion at 60°C
was 48,000 picomhos/metre.
Cartridges prepared, stored and tested, as described
in Example 1, had a storage life in excess of 80 weeks
25 at a temperature of 10°C.
EXAMPLE 3
The procedure of Exémple 2 was repeaced; save that
ethanolamine was replaced by diethanolamine to yield a
modifier comprising a 1l:1 (molar) condensate of
30 polyisobutenyl succinic anhydride and diethanolamine.
The electrical conductivity of the emulsiom at 60°C
was 50,000 picomhos/metre. '
Cartridges prepared, stored and tested as described
in Example ! had a storage life in excess of 55 weeks at
35 - 10°C. '



EXAMPLE 3 The procedure of Exanple 2 was repeated, save that ei?gnolanine
was repl aced by diethanolanine to yield a rodifier conprisinga1:1 (nolar)
cpndensat e of 30 pol yi sobutenyl succinic anhydride and di et'hanol ami ne. The
el ectrical conductivity of the enulsion at [err] was 50,000 piconhos/ ¢ re.
Cartridges prepared, stored and tested as dt8eribed in Exanpl & B30ad® a°
storage life in excess of 55 weeks at 35 10C. - 18- H
33050 EXAMPLE 4 The procedure of Exanple 1 was repeated, save that the
conventional surfactant was onitted, anBXAMBLBafts of the pol yi sobut enyl

succini ¢ anhydri d%ﬁ%%éﬂf@ of EPSggNeal eugdeseepbabel] B4EDPILRat VaS

used as nodifier. ctrical conductivity of the enulsion at %err] was
250 p[coh@bsﬁ#ﬁtmanW§ﬂ%#ﬂQﬁﬁx§$ﬁ§ﬁﬁﬁ%HF €29 enlishfde c8fddlas B2IES Bd in
Exanpl e 1\bagna $oaiyadodidénpl d€ééinDé ghrpietdehaeh8Aoldmimeks. Sinilar

cartridges stored at [er for, 1 eks were gtill sensitive t t andard
No 8 detoﬁatGPW%%%%‘%&U%A?&f%QF%C?EI%‘%Bﬁi?aZt?aEanP?dagsmﬁFgggféa from
the enul si on descrideec lactxtegl econdactbdity dét chat emtlsdoa 2% 6953

det onator after f t [err] followed by warmng to [err]. A
sanpl e of thgﬁﬁﬁﬁiy r1%%é¥%.é%9%%€kaged into a conventional cylindrica

cartridge of 38 mAakitmisiges p¥eparedorageredrandr Seshad 23 Hesicsided
tenperature gf Qﬁza dﬁféllt C?réféﬁgéeci?i‘kg Re dobengkegrlycardenuiatdnng
char de of 10 I h of _

cord, having a r wel ght grammes per netre length o
pent aer ytllr i t¥¢leRst ranitrate (PETN), taped to the exterior of

theccartridge. A Siiipdr C@d‘éffﬂ&ﬁe@reﬁafed Wei RGO Ce Fo@NTIQS iWeleks Olere
Exarpl e 8, stored and 25 , tested by, the afopementioned Lesty fgied to
~ warming to 5°C. In contrast, cartridges prepared from the
emulsion described in Example 1 failed to detonate from a
15 No 8 detonator after storage for 1l day at -30°C followed
by warming to 5°C. '
_ A sample of the emulsion was also packaged into a
//// conventionallcylindrical cartridge of 38 mm diameter.
After storage for more than 12 weeks at a temperature of
20 40°C the cartridge could be detonated by a detonating
cord, having a charge weight ofIIO-grammes per metre
length of pentaerythritol tetramnitrate (PETN), taped to
the exterior of the'cartridge; A similar cartridge
prepared using the composition of Example 8, stored and
g{f 25 tested by the aforementioned test, failed to detonate
| after three weeks.

A further sample of the emulsion (2.5kg) was packaged
into a conventional cylindrical paper cartridge of 85mm
diameter, and tested for resistance to destabilisation at

30 ambient temperature in response to mechanical events by
dropping the cartridge from a height of 30 feet {(9.14m)
onto a concrete base. The resultant temperature rise

"within the cartridge, which can be attributed to
cryséallisation_of the ammonium nitrate component, was

35 1less than 3°C as recorded by a thermocouple probe. A

similar cartridge prepared using the composition of



after three weeks. A further sanple of the emulsion (2.5kg) was packaged
into a conventional cylindrical paper cartridge of 85mm di aneter, and
tested for"resistance to destabilisation at 30 anbient tenperature in

resp to mechani cal events by dropping the cartridge froma height of 30
f eet .14n) onto a concrete base. The‘lgsul tant tenperatule 330® within
the cartridge, which can be attributed to crystallisation of the ammoni um
nitrate c nponent, was 35. less than [err] as recorded by a thernocouple

pr obe. rARPAR Bar AR BASTREL L Ust Y RRP bABSsi eRBRTdRNCed 1O

H 33050 Exeﬁpbeaanran&mdaja:tmi‘ao the drop test, experienced a
tenperature rise of [err]. EXAMPLE Medure of Exanple 4 was )
repeated, save that 5 the nodifier arts of a pol yi sobut enyl;

succi ni ¢ anhydfheepeohadsireniaf Romgphsad ewdd: tppebced, hadvlaeetrharueév{ed

wi th oge e r [ yi gl ate ri,vative. The
ol cot 11 ool ReondsbLaxy wals 4 1 et fa 1ET £ bUS5TRRRRUSRII eR NS ot
[err]. Cﬁ??h?dgééeﬁﬁé#@qai8&#&ﬁ%ﬁ?¥#ﬁh&%&@eﬁlaé)dvbénhbbddlheEmaane 1 had
a storagecbhfgedt wh@h lonQdf dHBAtSF m&&wekém%ﬁwﬁ&'él@ Yhe The
procedure of Exanple 4 was repeate save that the no ler was 1.5 parts of
a 21 conﬂ%ﬁgatesahaﬁe|ﬁ%§ t®A + succi ni ¢ anhydride (nunber average

nol ecul ar wei githe13@Q)k tait a0 duddl et Ve ¢l £t EheabmG 28 Wat Walsl Y4 2if the

emul sggn ai é B g 20 was 1900, pj conmhos/nmetre. Cartridges, prepared, stored
and t 2t eBL5RBARELPESES At Iggar#p 1e 1 had a storage life at [err] of greater
t han 40 meeks Ch¥AkRUdiged prepared, stored and tested as described

in Example 1 had a storage life at 40°C of greater than

- 50 weeks. \4
_ EXAMPLE 6
15 ‘The procedure of Example 4 was repeated save that :het
modifier was 1.5 parts of a 2:1 condensate of
polyisobutenyl succinic anhydride (number average
molecular weight 1200) and sorbitol. _
The electrical conductivity of the emulsion at 60 c
20 was 1900 picomhos/metre.
Cartridges, prepared, stored and tested as described
in Example 1 had a storage life at 40°C of greater than 40
weeks., B
o EXAMPLE 7 - }
25 The procedure of Example 4 was repeated, save that L)

the o0il phase consisted of 3.8 parts of Slackwax 431
(International Waxes, Agincourt,'Ontario)
and the sole modifier was 1.5 parts of a polyisobutenyl
succinic anhydride (number average molecular

30 weight 1200)/ethanolamine'(1:1) condensate. An emulsion
formed therefrom with vigorous stirring had an average
droplet size of 1.5, wm.

The electrical conductivity of the emulsion at 60°C

was 170 picomhos/metre.



25 The procedure of Exanple 4 was repeated, save that the oil phase
consisted of 3.8 parts of Slackwax 431 (International Waxes, Agincozggg
Ontario) and the sole nodifier was 1.5 parts of a polyisobutenyl su 1
anhydride (nunber average nol ecul ar 30 wbght 1200)/ et hanol &ni3B0FA: 1)
condensate. An enulsion formed therefromw th vigorous stirring had an
average droplet size of 1.5 [err] The electrical conductivity of the
enul sion at [err]2waspd¥es ppfoghassnmiegoballopgs (C15/250) were thexgos5)
2.5 parts ofyfiafSedl €hOPELLE PENSn(CLS/ 250) were then added to the emul sion.
Cartridges prepared, stored and tested as described in Exarrpﬂ{]e(raﬁ 1 had, a
storage |ife at [€aF§rbdseschFeParadn 850°5ededRd tEfAfd 25 %F{EF%
conpar at ﬁve;ﬁm@pw deppasar gterhfe 1afkuarca oot QlfeGiddarar crtighiciSvity
of m xturss of mcrocrystalline wax and paraffin wax which are well known
10 in the arfeekSstabiiisers for emulsion expl osives. An emul si on was
prepared by the nethod of Exanple ‘1 fr BXAMPLEf @ | ow ng conponents: parts
amoniumnitrate 4.35. ' I ner al
o This 19 4 FOPRPFRRLYS,CERRbag. EgtemonstLd WhIT
m crocryst alinfikuewce (op Fk€ptrical condBctdviityaw fs@ighuwiamief

1.75 water 5 ' parate
15 0 nicrobéﬂﬁ%ﬁﬁ%r%%i%}&gaf wax and paraf%%FSﬁ%Q which are WOl UM dwd

The el ectrical conductivity
of the eifll simnthe Petrpsnasabbdigesspifosnitdutfdiate eXBhAsh¥REs prepared,

stored and testedygSedgfsibReHadSpr@paradPihy tHeaGiex D IGHErdaglatl[err]
of about 10 weeks.
from the following components:

. _ parts
_ ammonium nitrate 64.85
15 : refined mineral oil ' 1.1
paraffin wax (mp 50-62°C) 1.65
microcrystalline wax (mp 72°C) 1.65
sorbitan sesquioleate 1.75
water -~ 11.5
20 sodium aitrate 15.0
microballoons (Cl15/250) 2.5
The electrical counductivity of the emulsion at 60°C
was 100,000 picomhos/metre.
Cartridges prepared, stored and tested as described
25 in Example 1 had a storage life at 40°C of about 10 weeks.,
o " A sample of the emulsion was aiso packaged into a

conventional cylindrical cartridge of 38 mm diameter.
After storage for 3 weeks at a temperature of 40°C the
cartridge could not be detonated by a detonating cord,

30 having a charge weight of 10 grammes per metre length of
pentaervthritol tetranitrate (PETN), taped to the exterior
of the cartridge. A similar cartridge prepared using the
composition of Example 4, stored add tested by the
aforementioned test, could still be detonated after more

35 than 12 weeks.



A sample of the enul sion was al so packaged into a conventional cylindrical
cartridge of 38 mmdianmeter. After storage for 3 weeks at a tenperature of
[errl=the cartridge could not be detonated by a detonating cord, 30 having =«
a ch e wei ght of 10 grammes per netr@ll~ength of pentaeryt®hr330$0 :
tetranitrate (PETN), taped to the exterior of the cartridge. A simlar
cartridge prepared using the conposition of Exanple 4, stored and tested by
the aforementi dhefprther samplesef| thpe eandsismed 2fi%s) fre BEckagnd12

weeks. it a conventional cyil13d23QaA fppdierca il £gofof gsggul si on

(2.5k was packaged into a cgnyentional cylindrical paper. cartridge of
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rom a height o feet . nto a concrete e The resylt
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crystalH:undann(ﬁou¢meannbgégn1nEheamegmdmpmmemmmpﬂxaQEihasisecordeq by a
{ her MOCOUR) G ¥ P he ArdPrrhgh], nidh! Kal0ePTathA bl N L he cOMPOSI {ion
su 0 e drop

of Exanple 4, an by ecte t test, experienced a tenperature
rise of | eryatahiiszeion pxAVPhE samoaiymaddratefcqupanent i Va8 repeat ed

save that v 1y SdSLied! byS8d NS wd cBiwvplld  FfbesOr i t an sesqui ol eate
- (0.75 part) and a 1:1 nolar condensates&g.75 part) of

pol y- 12 hyidmbdat AT erhdse PRBPAZGHaLSAEyHhe WRPosH PR oPhitol . The

el ectri calExampiict4 vidyd Obubfecedul goothat deQC tak e bfle Pénced a

pi comhos/ netre. Cartridges gge ar ed, Stoﬁ% ~and tested as described in
Exanpl e 1 TRRPSFAtHFagELPer 8E oL PAr FPABf 3R cater than 20 weeks. EXAMPLE 10
25 An enul sion was prepared asEXAMPLEbE] in Exanple 1 o/

The pfocedute of Examplé'l-was repeated save that the
15 surfactant used was a mixture of sorbitan sesquioleate
(0.75 part) and a 1:1 molar condensate (0.75 part)
of poly-12-hydroxystearic acid.(moleculat weight :
600) with sorbitol. '
The electrical conductivity of the emulsion at 60°C
20 was 50,000 picomhos/metre.
Cartridges prepared, stored and tested as described
in Example 1 had a storage life at 10°C of greater than 20
weeks, | '
EXAMPLE 10
25 An emulsion was prepared as described in Example 1 o

from the following components : ammonium nitrate (65.5
parts), sodium nitfate.(LS.O parts), water (11.0 parts),

- paraffin oil (4.5 parts), sorbitan monooleate (0.75 part)
and a 1:1 molar condensate (0.75 part) of poly-12-

30 hyroxystearic acid (molecular weight:1500) with
tris(hydroxymethyl)amino-methane
 The electrical conductiiity of the emulsion at 60°C

was 50,000 picomhos/metre "



fromthe foll ow ng conponents : amoniumnitrate (65.5 parts), sQgm
nitrate (15.0 parts), water (11.0 parts), paraffin oil (4.5 part

sprbitan nmonool eate (0.75 part) and a 1:1 nol ar condensate (0.75 part) @f
poly-12- 30 hyroxystearic acid (nolecul ar, wei ght: 1500) Wlt 0

tri s¢hydr oxynet hyl ) ani no- net hane The el ect¥i cal conductivity o? ??1

emul sion at_Jerr] was 50,000 picomhos/ netre -22- H 33050
G ass microballo 2 pg 5Ckb/ t t he
enul si on. Cartr ggégﬁpmﬁc%%%hgf‘g% 2a%d pt%ested' as p}eségg?{ogjéi@?%g%npl el
‘had a stratieenitéded Ferr-]neoﬁmguléép@r- than 25 weeks. EXAMPLE 11 10

Thetproggdurle OflcEi‘afmkgeét %s_ ra%aaaat %Qﬁ%\a]? 4&@&4&@&@5:%&4 5
parts of™a nol ar rati o) condensate o d en sucgcj ni c
anhydri de \%ﬁWeFEQEPHﬁIécBPéraméFgﬁF3f23é ﬁﬁp ‘%Jféﬁg %% &9 Than 25
electrical gosmsictivity of the enulsion at 15 [err] was 320

pi comhos/ nmetre. Cartridges prepared fﬂjl nd tested as described in
Exanple 1 had a storage life at [ergﬁéégig+eg#er than 30 weeks. EXAMPLE 12
20 10 The proTedupeockdizranpife Exampdler eﬁoeﬁsectmaatdmasa‘fhetmmther was
1.5 parts of n%h%r(ma& sasa'&):sC%rfdea“igt-e Wﬂiﬂ PP §9VEonHEREBEE
anhydri de (nu average Fecul ar wel 120
d|nethylan1mbppopylaanGGHYﬂeSMQ&&ﬂMQﬁﬂ“hﬁﬂﬁﬂﬁﬁ|Q4T3¢%ﬁet%%1%ﬁ%1§Fon at

[err] 25 ma;egggtphggghoggqegkgyﬁgygrgﬁyggi;wepared stored and tested as

descri bed nE had a storage l'ife at [err éi& ter t han 30

weeks. EXAVPLE 1Bhgpelectripgd ﬁP@%&ﬁﬁ%?%ﬁy PRpthted save
that thes ¢0°C was 320 picomhos/metre.

N Cartridges prepared, stored and tested as described

" in Example 1 had a storage life at 40°C of greater tham 30
weeks. '
EXAMPLE 12

20 The procedure of Example 4 was repeated save that the

modifier was 1.5 parts of a 1:1 (molar ratio) condensate
of polyisobutenyl sdccinic anhydride (number average
molecular weight 1200) and dimgthylaminoptopylamine.
The electrical conductivity of the emulsion at 60°C
25 was 650 picomhds/metre.
Cartridges prepared stored-and tested as described in
Example 1 had a storage life at 40°C of greater than 30
weeks.,
R EXAMPLE 13
30 The procedure of Example 4 was repeated save that the
modifier'was 1.5 parts of a 1 : 1 (molar ratio) condensate
of polyisobﬁtenyl succinic anhydride (rumber average
molecular weight 1200) and diethylamino propylamine.
| The electrical conductivity of the emulsion at 6u°C

25 was 390 picomhos/metre.
Cartridges prepared, stored and tested as described



nodi fier was 1.5 parts of a1 : 1 (mol ar ratio) condensate of

pol yi sobut enyl
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as descri bed -23-

succi ni ¢ anhydride (numbef average nol ecul ar wei ght 1200)

yl.am no propyl am ne. The electrical conductivity of the enul sion

25 was 390 picomhos/nmetre. Cartridges prepared, stored and tested
R 33053 Tn Exanple 1 ha8 33858rage life

at 40C of greater than 25 weeks. EXAMPLE 14 The procedure of Exanpl e

repeated save that the 5 nodifier was 1.5 parts_of

4 was

1 condensat e of

pol y- i sobutBRgmPiacdi had anBf@nake (it 4Rreget nsreéaﬁar tRémght 1200)

and N, N-gls eéégkam no ethanol. The electrical conductivity of the emul sion

at [err] was 550 picomhos/netre. 13§ggggﬂggggtriQQes prepared stored and

tested as described in Exanple 1 h

t han 25 weeks. TEaAbeEeﬂﬁrﬁh@ﬂmﬁ!}ﬁhﬂ&;Qﬁwikam@#eaﬁedasawepeahed

t he 154
(number

”RS'&IEEEr s’ 15sp%ekftht 120%)1 ‘;‘Oir)gc{:{ﬁiggg%ggykfsggﬁ%m ¢ anhydri de

he el ectri cal

aver age ecuI ar ensat

conduct i viaqbe:enré englcdinde atnh[s@mi]dq/va(smssh)epr gvehasenoplecular

Cartri dgege PERP2E 260

tQhﬁdNamﬁié¥ﬂé¥¥i¥h&¥§&ré@ﬁgnbﬂ Exanple I had a

e life at [err] of greafer

e that

storage life at err? reater t han 25 weeks. EXAMPLE 16 The procedure of
Exanmpl e 4 was ?Eﬁe8986t§&$é1tﬁ@?qqﬁi%E?tXHﬂﬁfFEﬁ ﬁﬁgliisnpéﬁté 051 a

(rol ar raﬁao)ssonggeaahesqhem@é%|sobutenyl succinic anhydrlde (nunber
nmol ecul ar ht 1200) a eele r|c uctrvrty of
| si on a?aﬁﬁ §32?5ﬁﬁgﬁﬁéi%%$&ﬁ4] fested Tesl20084

aver a
the e

15

20

25

30

35

Example 1 had a storage life at 40‘0 of greater than 25
weeks. '
EXAMPLE 15 _
The procedﬁte of Example 4 was repeated save that the

modifier was 1.5 parts of a 1 : 1 polyisobutenyl succinic
anhydride (number average molecular weight 1200), sorbitol
condensate, ' '
The electrical conductiéitj of the emulsion at 60°C
was 650 picomhos/metre. . ' '
Cartridges prepared stored and tested as described
in Example 1 had a storage life at 40°C of greater than
25 weeks.
o EXAMPLE 16

The procedure of Example 4 was repeated save that the

modifier was 1.5 parts of a 1 : 1 (molar ratio) condensate
of polyisobutenyl succinic anhydrihe (number average
molecular weight 1200) and glycine. ' '

' The electrical conductivity of the emulsion at 60°C
was 230 pitdmhos/metre; ' '

Carfridges prepared stored and tested as described in
Example 1 had a storage life at 40°C at greater tham 37
weeks.

EXAMPLE 17

The procedure of Example 4 was repeated save that the

modifier was 1.5 parts of a 1 : 1 (molar ratio) condensate

of polyisobutenyl succinic anhydride (number average

1

Y

L



30° Cartridges prepared stored and tested as described in Exanple 1
had a storage life at [err] at greater thai 37 weeks. EXAVPLE 1 e
p{oceduge of Exanple 4 was repeated save that the 35 nodifier é§§?1.5_
parts.of a1l : 1 (nolar ratio) condensate of, polyisobutenyl gugg he to
anhydri de (number average - 24- ' & H 33050 nnlegu?ngaeight
800) and et hanol am ne. The electrical conductivity of the enmulsion at [err]

was 440 pic r Lt rgigdae and tested as descri bed
5in Exarrpllgmigﬁgggg ?teérggte 8|_0f69 S AL ALl

> |.ife at [err] of greater than 20 we . :

EXAMPLE 18 The prBec@dests CE%aﬁaﬁéqu&%J%%e t%&Fs%%%fT%%? ?ﬁegﬁgﬁifier
was ;.5_Barﬁ§ao§4g tihoihbsydaﬁﬂe&r r?tio? 10 condensate of polyi sobutenyl
succi ni chanhydride (n er averaqge ecul ar wejght 1200), eth i ne and
nmonochl or'8acet i ¢ éﬁiagq%ﬁé ATER '%ég)%ﬁﬂﬁﬁét?%&%%k%%egh%seg%fg?g%ggl [err]
" was 420 pi conhBaamplecl had a stoFage ilifis gr cpf@ oSt gredtandthant 88 as

described in Eﬁanple 1 had a storage life at [err] of greater than 30
weeks. EXAMPER*29 A base enul sion was prepared by the procedure of 20
Exanple 1 fromthe follow ng conponeBXAMBEE 58 armoni um nitrate

78.7 water -
. Th £ E le & Pe &l 8a¥waxndelchex
I nt ernati onal vaxeg)procedu;g 6 25xamp er%ﬁ?%%drigﬁ% %I o b

. I
0.8 Surfactapdifier was 1.5 parts of a 1 1.: 1 (moiar g%F*&étant* was a
1:1 nol gp cepd@eadihee0b PPaliyaFutiedy B UHed ¢ifi andiynya dedéngaambeaver age

average molecular weight 1200), echanoiamine and

monochloroacetic acid. , _
N\ The electrical conductivity of the emulsion at 60°C
was 420 picomhos/metre. _ '
15 Cartridges prepared stored and tested as described
in Example 1 had a storage life at 40°C of greater than
30 weeks.
EXAMPLE 19

A base emﬁlsion was prepared by the procedure of

20 Example 1 from the following components:

_ _ parts

ammonium nitrate _ _ 78.7

water ' | _ - 16.0

~ Slackwax 431 (ex International Waxes) 3.0

. 25 refined mineral oil 0.8
~ Surfactant* ' : _ _ 1.5

The surfactant* was a l:1 molar condensate of
polyisobutenyl succinic anhydride (number average
molecular weight 1200) and ethanolamine.

30 The electrical conductivity of the base emulsion at
60°C was 180 picomhos/metre. : . '

To 87.5 parts of the base emulsion were added 2.5
parts of glass micro balloons (CIS/ESO; supplied by 3M)

- and 10 parts of_poroué ammonium nitrate prill.
35 Despite the inclusion of solid ammonium nitrate which

normally igduces a rapid loss of initiator semsitivity in



-mol ecul ar wei ght 1200) and et hanol ani ne. 30 The el ectri cal
* .conductivity of the base enulsion at [erT] was 180 pi comhos/ metre. To 87.5
parts of-the base enul sion were added 2.5 parts of gl ass n1cro bal | oons

(C15/ suppl ied by 3V and 10 parts of orous ammoni um 6@1 prill. 35
Despi t he inclusion of solid anmoni um ni“Crate whi ch nor I é/ duces a
rapid loss of initiator sensitivity in . - 25 - H 33050 the

bresence gl BiYedld SHIAEE 5 (352 eRAMNS (P G L0301 Lhe

conposi tion i paper s aneter were sensr hltlatlon
by a stan@m@ﬂﬂ%d@ﬁomoﬁouweltsper dge paperatsteddst &6 WBwks at a 5

t enper at l&ri%ﬂ:e[tervidrm}ﬁ: 399. T@bS 1h§. caafaqmaw g/ & AP £ 508

according to the invention. procedure of anpl e 19 was repeat save
that 10 dtewewqracefamrusearms §erbﬁﬁaﬁe§e§qé%l‘@a@ qhed el ect r i ¥al
condugt i ¢elnpetfadde bpseserplsion at [err] was 170, 000 picomhos/ netre.

Cartridges prepared, stored and test % scribed in Exanple 19 failed to
detonate after storage for 1 week igzgg—ngénperature of [err]. EXAMPLE 21
An explosive(mumxﬁﬂéiéwhwﬁﬁapiepaéedxbﬁplbxim@tGQqﬁﬂidiﬁg tdheceeul si on

descri beﬂ E;g gol e 4 and 40 parts of ammoniumnitrate/fuel oil (ANFO (94

parts a nitrate prill/6 parts fuel oil). Wen filled into a 15
cm di anet er wdmdxnmﬁmﬂdntheoﬁoﬁpempﬂpod9dam@nam@¢df€ﬁn%BﬂOOtgatpentoIite

(50" 950 TN ¥R uﬁs[d{re& éit\%%o@@r‘é’i@ﬁnf 5373l e A Sim I ar explosive,

but prepared from 1 5| on 25 cont al ni n% sor i'tan sesqui ol eate
described in Bhtrkedtrieslcgondugsdsgisge off tthe aseiamylidhon oatli ng

EXAMPLE 33°C was 170,000 picomhos/metre. _
| Cartridges ptepared,'stored and tested as described \
in Example 19 failed to detonate after storage for 1 week
15 at a temperature of 40°C.
| " EXAMPLE 21

An explosive composition was prepared by mixing 60

parts of the emulsion described in Example 4 aand 40 parts
of ammonium nitrate/fuel oil (ANFO) (94 parts ammonium
20 nitrate prill/6 parts fuei oil).
When filled into a 15 c¢m diameter wet borehole the
composition detonated from a 400 gm pentolite
(50 : 50 PETN/TNT) primer after one week from loading.
A similar explosive, but prepared from the emulsion
25 containing sorbitan sesquioleate described in Example 1, g_;
failed to detona:e after omne day from loading.
S - EXAMPLE 22
The procedure of Example 4 was repeated save that the -

- modifier was 1.5 parts of a 1:1 (molar ratio) condensate
30 of a polybutenyl succinic anhydride (number average
molecular weight 1200) in which the polybutenyl group
contained 85% of isobutene, 10%Z of 2-butenme and 5% of 1-
butene) and ethanolamine. o
The electrical conductivity 6f the emulsion at 60°C
35 was 320 picomhos/metre. ' '
Cartridges prepared stored and tested as described
in Example 1 had a storage life at 40°C of greater than



The procedure of Exanple 4 was repeated save that the nodifier was 1.5
parts of a 1:1 (nolar ratio) condensate 30 of a pol ybutenyl succi ni
arhydride (nunber average nol ecul ar wei ght 1200) in which the poly nyl
gr dup cont ai ned 85% of isobutene, 10% of 2-butene and 52 of 1- butene} and
et hanol ami ne. The electrical conductivity of 26he enul si on at H &3058B5 was
320 piconmhos/ netre. Cartridges prepared stored and tested as described in
Exanple 1 had a storage life at.-[err] of greater than -26-

33050 25 wedids Ye=KAVWPLE 23 The procedure of Exanple 4 was repeated save
that the nodifier was 1.5 parts of a #xAmfnel ag rati o) condensate 5 of

pol yi sobut enyl sygci ni c anhydrid nunber  aver age nol ecyl ar wei ght 1200)
and benziYj.dazol .eﬂﬁf%ﬁﬁgy%ﬁc%f éﬁﬁﬁﬁgfigifﬁsoFePﬁécé Fé?&né%?c[éﬁﬁl was
720 pi conffomonddifriear Gad rl dyesaprtepaf ed St drédodad rasied zdndenmadacd 10

i n Exanplee h t e lJf r f ter than 26 weeks. EXAVPLE
24 This Exa#gl BT A | Sudliafl (HaRraBi 881 hupBaR 23e¥agS 1.42
parts of pomgilesmitaaWesigit nl 20@hhyuidi ben¢huitleeodesr age nol ecul ar wei ght
1200) was added shuiioh dldduedi'doaPudfsP1PP 88 EReObuG1B2NG! AW Bl Ve

m nutes after the addition was conplete, 3.8 parts of rerined mneral-oil
was added af@st H@Grirdkqpmhafolmetres [err] 20 for 4 hours. An enul sion

%pgosi ve was foromRd didald | Yrdforad hsorbdt Hhe B¥seddi B3 AeSQlrilyed Of
.7 par

s of gmmoniumnitrate dissolved in 16 parts of water, and heating
(o [eripo rhe Brmmnim Load st tenmentebectr: BRrcoolugtontior, Do ar
[err] at 30Q6piweanrsas/ metre.

o EXAMPLE 24
N~ This Example.dembnsttates in situ formation of a
. modifier. o
15 1.42 parts of polyisobutenylsucéinic anhydride

(number average molecular weight 1200) was added slowly
with stirring to 0.08 parts of ethanolamine. Five minutes
" after the addition was qomplete, 3.8 parts of refined
.mineral -oil was added and the mixture heated at 70-80°C
20 for 4 hours. An emulsion explosive was formed directly
from this mixture by adding a solution of 78.7 parts of
ammonium nitrate dissolved iﬁ 16 parts of water, and
heating to 80°C. _
' ‘The emulsion so formed had an electrical conductivity
\_/ 25 at 60°C at 300 picoﬁhos/metre.

Glass microballoons (2.5 parts grade C15/250 supplied
by 3M) were added, and the emulsion stored and tested as
described in Example 1. The storage life of cartridges
at 40°C was greater than 55 weeks.

30 ' EXAMPLE 25

The proégdure of Example 4 was repeated save that the

modifier was a mixture of (a) 1 part of a 1:1 (molar
ratio) condensate of polyisobutenyl succinic anhydride
(number average molecular weight 1200) and ethanolamine,
35 and (b) 0.5 part of a 1:1 {molar ratio)'condensatg of a
carboxy terminated polyethylene (number average molecular



. G ass mcroballoons (2.5 parts grade C15/250 supplied by 3M were added,

~ . and the emul sion stored and tested as deScribed in Exanple 1. The storage
life of sgn{ridges at [err] was greater than 55 weeks. 30

-~ EXAMPLEM he procedure of Exanple 4 was repeated save that the nodifier
was a m Xtlre of (a) | part of a 1:1 (melar +ati o) condengaBaosio
pol yi sobut enyl succini c anhydride (nunmber average nol ecul ar wei ght 1200)
and et hanol ami ne, 35 and (b) 0.5 part of a 1:1 (nolar ratio) condensate of
a carboxweighni 28060 [Horestaredrhy (ambexidaeiageofivpelykes&hylene?2at
R 33050 hoht @Q) ;(pr.epar G Al Ta@X) dag | p e l.ene at 120 -
150C in ?ﬁg préégngei%féyﬁxgggigg é%@ %r?%é%g§g?%x§¥§E%E§F) am nonet hane.
The el ecfhydapxzangbaliiaminguathansul sion at [err] 5 was 95
pi conhos/ met r gn e CaALILItFACT IPTERAIECh L i OF €6f aPRle t 830 8J183 d@S@ooked’I n
Exanple | had_a storage |ife at [err] of greater than 20 weeks. - EXAWPLE
26 10° %as $HcPhromBAS/@eST&he Exanpl e 25 was repeated save that the

oxi di sed polyehb!kaﬁgewa$ﬁd§¥£qaivié&r?mze?@efsseédtprdébkgamkgnethYP)
am nonet hang to yi el .d,an appr.oxi mat ; r gatio) oxidise

pol yet hyjr]‘éng"?’PP & ﬁy&l’&fnﬁtﬁﬂﬁ%g%ﬁi%ﬁﬁﬁa@ gdﬂ cBregtar kpen,2Q i o 15
adduct wesekised in -conbination with 1 part of the 1.1 (nolar ratio)

pol yi sobut enyl succini ¢ anhydri de/ 1 ne condensate. The enul sion had
an electrical conductivity at [err —St i comhos/ metre. 20 .
Cart¥9dges prEhar ettocedared ofh - heeHxammbe d28cvadetdepnakErdnghadel had a
storage tpie ehe[s&&hégfedgrp%ﬁﬁc%%hzowwekéuE&\NB&EnZZnTQ%cwsgcedure of

Exanpl e 4 was repeat ed save . _
of tris (hydroxymethyl) aminomethane to yield an \uJ

approximately 1:2 (molar ratio) oxidised polyethylemne tris
(hydroxymethyl) aminomethane adduct. 0.5 part of this -

15 adduct was used in combination with 1 part of the 1l:1
(molar ratio) polyisobutenyl succinic '
anhydride/ethanolamine.condensa:e.

The emulsion had an electrical condﬁctivity at 60°C
of 980 picomhos/metre. ' ' ' '

20 Caftridges prepared, stored and tested as described
in Example 1 had a storége life at 40°C of greater than 20
weeks. - '

EXAMPLE 27

The procedure of Example 4 was repeated save that the

25 modifier was a mixture of (a) 1l part of a 1:1 molar -
condensate of polyisobutenyl succinic ﬁnhydride (number ' '
average molecular weight 1200) and diethanolamine, and (b)
0.5 part of an 1l:]1 molar condensate of a hydrogenated '
polyisoprene (number average molecular weight 1000) having

30 a terminal carboxyl group and sorbitol. _

‘The electrical conductivity of the emulsion at 60°C
was 490 picomhos/metre.

Cartridges prepared, stored and tested as deécribed
in Example 1 had a storage life at 40°C of greater than 25

35 weeks.



25 nodifier was a mxture of (a) | part of a 1:1 nolar condensate of

pol yi sobut enyl succini ¢ anhydride (nunber dverage nol ecul ar wei ght 1200)
and di et hanol ami ne, and (b) 0.5 part of an 1:1 nolar condensate of 5N
hydr ogenat ed pol yi soprene (nunber average mpl,gcul ar wei ght 10903 3 sk
a termnal carboxyl group and sorbitol. The electrical conductivity o
emul sion at 600C was 490 pi conhos/ netre. Cartridges prepared, stored and
tested as described in Exanple 1 had agxameage dgfe at [err] of greater
than 25 35 weeks. =28 - . . . H,33050 EXAMPLE, 28 The_procedure
of Exanple 4 was FepeRregedave cfafxamelepd Mad RAReafsf 33re thatafhe
part of a l:godDfférceagdeasaietarepolfyi(aobut gadt ufcad ni ¢l amdiyalr i de (number

5 '8’ | | ight 120 bi-t ol d

ondonaane oro e narhisaa paiyReaRptaRT Y Mrksa N A a8 N hutbe .
1500) (hayi ngveragennaakcadnbowgliightadi2®gr cup) sawmbitdk, (4ndir Okynet hyl )
anlnonethane%ﬁégrar ofTEgcghﬁ s'a&3 é%”%ﬂ“%%fﬁf%%&”péivbf%$9fé93 at [err]

was 790 pico netre. rtridges prepared ored and tested as descri bed
in Exanpl e 1(sumbersavexggel mpdeguliag WeightylF®r (hawio® deeks.

CLAI M5 terminal carboxylic acid g{béﬁ}-@ﬂ§5§rﬂs (hydf@g?ﬁﬂkﬁ#ﬂ?

expl osi ve conposition conprising a discontinuous phase containing oxidi ser
conponent, adebpeRAEBARephase containi ng organic fuel conponent, and

emul sifigy characigel sedcitilchat donduvtilviidy esf ceigrémels hom eaect0P Cal
conductivitnggdsgier SO ieL %k%geand i ncorporated-that the explosive

0 picomho
Cartridges prepared stored and tested as described in
o/ : Example 1 had a storage Iifé #t 40°C of greater than 20
weeks.

N\



conposition exhibits an el ectrical conductivity not exceeding 60, 000

picomhps/ metre neasured at [err] in the absenee—e#—aﬂy—supp+eﬁ9ﬂ{ary

adj uvan ich the expl osive conposit'o y o tlonal al so contain.

A conpoégg ion according to claimi char r|s u ﬂl difier

. conprises a hydrophilic noiety and a I|p0ph||| ng a chain
st ruct ur eCILAKME por ati ng a backbone sequence of at east 10 and not nore
than 500 Iinked atons. 3. A conposition according to claim?2

charact erj sed i mf hahuibfokhakp1651vet ubapsgﬁm&baeaoapwsmgr aof a
mono- ol efin the nononer of which contains 6 carbon atons. 4.

A conpos|44QﬁPQ&%%HQW%gP¥%s€Iﬁ?ﬁ??lﬁinglQFﬁF§SEHaFSEP8PF§ d #n that -t
l'i pophi | I@ommdugqsmséeaoawﬂhyhgl bregahik) fueli eompankendr,i and 5..\;)1 A

conposi tion [ to claim4,.char rised in that the |ipophit#c

noi ety cdipt f%iiﬁ%ﬁl #5365 ?§}§ﬁg)§ﬁc?$%?c ‘anhydride. 6. A conposi tion
accor di ng t otiné aemuls thbe nccempsigdesnanhel echricagophndustdvidsy conpri ses
an inter Gigl4{d £LOuIfE EtQ{i gha! Eﬁ‘gBrBB?a%éBU%ﬁE%dtﬁ@ eapabgnzeed |ong

chain (up car ons) nono roxy nonocar boxylic acid.
conposi t | MRRELF omEXbiki b kB @ﬁﬁP§EF§PFsGenﬂHCFHXPch§°W|poph|I|c

ecor i neTesaeng 40 (ddo W couion)agtre ?SE?"“%S‘*. 2ot ﬁa?“"mﬁ,zh? ophi 1 ¢
noi ety | SRFRNGRS L@P%fs%PBgB?8P£a§X PHS@V%& ﬁﬁar &3 iit] ?g%# an anmi ne,
an an1de‘cdmpdéif&mﬁamaﬁeoptianhblgraisolcontadnls a poly(oxyethylene)

group containing not nore than 10 et hyl ene oxide units. 9.
conposi tion according to any one.of clainms 2 to 5 and 8- characterlsed in

_that the Redified composiddon anrpsnidiftee (@ P shoehargeternised; én

anhydri detpad BnechbaITieaTidtmpriGes a A EdFoIsili OMELEOF 0@ 40 any one
of the prfcedlpq

, : ipophllic moiety comprising a chain structure incorporating
a backbone sequence of at least 10 and not more than 500

linked atoms.

3. A composition according to claim 2 characterised in
that the chain structure comprises a polymer of a mono-olefin
- the monomer of which contains from 2 to 6 carbon atoms.

4, A composition according to claim 2 or claim 3
characterised in that the lipophilic moiety comprises a
~poly(alk(en)yl)succinic anhydride.

5. A composition according to claim 4 characterised in ]
that the lipophilic moiety comprises | o/
poly(isobutylene)succinic anhydride. '

6. A composition according to claim 2 characterised in
that the lipophilic moiety comprises an interesterified
polymer of at least one saturated or unsaturated long chain
(up to 25 carbon atoms) monohydroxy monocarboxylic acid.

7. A composition according to claim 6 characterised in ~
that the lipophilic moiety comprises poly(l2-hydroxy-stearic
acid).



cl'aims characteri sed in that the said el egfr] cal “mmml m Rmt not
exceéd 2,000 pi conhos/netre. 11. A pro%%i% f on | si on
epr05|ve conposi tion conpr|5|ng enuIS|fy|ng an oxyg n- Suppl yi ng conpo
and an ‘organjc nediymto forman e suppl
“conponent fofhs at feS8PPRSHELBP ?ﬁgoﬁﬂéﬁﬁnﬁPn58¥s°Bﬁagg égﬁgpﬁeao}é 2
“medi um f or neclsaraeteripadt inf thab that hpndoaphphisemoliatsctier rtbedrlemtdnat
the enulsif '&Ptéoﬂoifﬂff fgﬁt fﬂtépnaheaeﬁsa?mes Rhe2eBRY hhehmitibGhahs

capabl e of reducing ectrical conductivity, .measured at a
t enper at ure %?1%@’C?“o?lbﬁnﬁﬁﬁmépﬁn°?oPnEGtFFBHVFﬁé°@x9§eﬁss&pply|ng

conponent -ango Dy 08Ry 6t iPUehE) ghoupecohtantaengl natsmppketBahanly adj uvant,
to a valu pi comhos/ netre. 12. A process as

ceedln 60 00
clalnedllﬁ(ﬁéﬂ¥iﬁﬁ mﬁ¥ € piB4kTes a conposition as clained in any one of
‘claims 2 tog0. 13. @sf%% S£¥8099§§Tget8hﬂﬁ Bﬁé' 83%‘19.%&196‘5 ge

charge contaihs an &g 0SIVé CO 0 any one of
claims 1 to &0and %r@%&?%@tﬁylaeérb%e§bahsth¢amﬁéafiﬁrcPamﬁri§e§raclaln112.

condensate of polyisobutenyl succinic anhydride and an

ethanolamine.

10. - A composition according to any one of the preceding
claims characterised in that the said electrical
conductivity does not exceed 2,000 picomhos/metre.

- 11. A process fqr producing an emulsion explosive
composition comprising emulsifying an oxygen-supplying
component and an organic medium to form an emulsion in
which the oxygen-supplying component forms at least part
of the discontinuous phase and the organic medium forms at
least part of the continuous phase characterised in that
the emulsification is' effected in the presence of a
modifier which is capable of reducing the electrlcal
conductivity, measured at a temperature of 60 C of an
emulsion formed from the oxygen-supplying component and
organic medium, in the absence of a supplementary adjuvant,
to a value not exceeding 60,000 picomhos/metre.

/ - 12, A process as claimed in claim 11 which produces
a composition as claimed in any one of claims 2 to 10.

13. An explosive charge characterised in that the charge
contains an emulsion explosive composition according to any
one of claims 1 to 10 or prepared by a process as claimed

in claim 11 or clain 12.




