2153810 An_expldsive whi ch incl udes ari expl osive.emul sion THI'S | NVENTI ON

reraté toﬂan expl osi ve. In particular, the invention relates to an .
EXpIo{iye of the emul sion-type in which an oxidising salt-containing com
pgrmant forns the discontinuous phase in an emulsion 5 . wherein the

* continuous. phase conprises a fuel conmponent which is-innisciEi Lth the
di sconti nuous phase. Such expl osives, where the oxidising sal féﬂggﬁé{hing'

conmponent contains water and is in the formof an aqueous solution, are

known as "wat-er-in-fuel enul- 10 sions”, and when the oxidising %

conponent s include no water, they can be regarded as "nelt-in-fuel endl:

. sions". For bulk applications, enulsion explosives are generally prepared

on site when required, and charged 15- 1 <directly into borehol es

provided in a region of the site to be excavated. These borehol es are

general ly 2 between 15 cmand 50 cmin dianeter and between 10 and 35 m

I n depth. The term "borehol e" wherever used herein refers

An explosive which includes an explosive emulsion

THIS INVENTION relates to an explosive. In _.
'pafticular, fhé invention relatesméﬁ an explosive of the'gé
emulsion type in which an_oxidising salt-contaipiné com~ -
ponent férms the éiscontinuous phase in an emulsion
5 wherein tﬁe continuous phase comprises a fuel component
wﬁich is immiscible wiﬁh the discontinuous phase.
Such explésives, where the oxidising salt—con;

taining component contains water and is in the form of

an agueous solution, are known as "water-in-fuel emul-

sions", and when the oxidising salt components include

10
- no water, they can be regarded as "melt-in-fuel emul-
sions".
For bulk applications, emulsion explosives are
. .
generally prepared on site when required, and charged
15 directly into boreholes provided in a region of the

site ‘'to be excavated. These boreholes are generally



-to a hole drilled in the ground to accommpdate an explo- 5 sive which
can be detonated to excavate the,grOﬁSf i'n the region of the hole. In order
to i ncrease the expl osive power of €mft sion explosives, amoniumnitrat
prills are added thereto and mixed therewth. Such a m xed enul si on—10
expl:osive is marketed by AECI Limted as "Energan." Energan is not water

resi stant i'LéMéehheL SNERNI WA Nisty a¢ R R |d fadlegeadaand bheewu@Esenoe o6id
wat er, and hence the Energan quickly déteriorates in a wet borehole. I t

i s not uncomp@n,t gt gldpriEnergan re- 15 - mains in the boreholes for 24

Al

hours ar” tonger prior to detonation. If the borehole is wet, the Energan
usu- al¥Yy~scannot be detonated at all after a 24 hour period. According to
the invention there is provided an. explosive, which includes 21.4-50%1 m

of 20 AN XPlGR Veer AU AMGRER! Miidikvér dusedtidraln M s
whi ch i ncludes an oxi i5|nge§alt and a conti nuous phase which includes fuel

q Isifi dl sthg sal b al . 3 ! . h
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s sive which can be detona't_.ed to excavate the ground in

the region of the hole.

In order to increase the .explééive power of
emulsion explosives, ammonium ﬁitrdte prills are added
thereto and mixed therewith. Sucﬁ a mixed emulsion
10' explosive is marketed by AECI Limited as 'Enefgan.‘

Enetgah is not water resistant ih that the
ammonium nitrate prills degrade in the presehce of

water, and hence the Energaﬁ'quickly deteriorates in a

wet borehole. It is not uncommon that the Energan re-

15 mains in the boreholes for 24 hours or longer prior to
detonatioﬁ; If the borehole is wet,'the Energan usu-

\“ ~  ally cannot be detonated at all after a 24 hour period.

According to the invention there is provided an -
explosive, which includes 21.4-50% m/m of
26 : an explosive emulsion compr.sing a discontinuous
phase which includes an oxidising salt and a continuous

phase which incl&des fuel and emulsifier and which is immiscible with



~ammoniumnnitrate prills; and a water-resisting agent conprising guar 5
gum-i'n conjunction with a cross-linking agent for inhibiting deterioration
of the ammoniumnitrate prills in the presence of water, which agent has
the_effect of inhibiting access of water to the ammoniumnitrate Drills,

t'h prills being dispersed i " @nd surrounded by the enul sion and the
watet'-resi sting agent. The water-resisting agent.my be present in a
proportion of 0.1 to 10% mi m of the expl osive. 15 The guar gum may,

for exanple, -be a_produyct of Trochem (Pty) Ltd supplied under the trade
nane GUAR EB 940.tp‘e aﬁﬁﬁ8ﬁﬁiﬂéﬁﬁ5 5@%ﬁﬁxby t heory, the Applicant beligyes

that the above- sp8O-7TBeé%wa/er afesi sting agents enable a water inperwesbl e
| ayer to be fornmed around the ammoniumnitrate prills, whereby access- of

water to the 5 amMM B Wit MalhGatld 115 i ted. The emul si on -may
be fornmed by di spersing the discontinuous ghase I'n the continuous phase’
when t hey 'a water-resisting agent comprising guar '
-5 gum in conjunction with a cross-linking .agent

for inhibiting deterioration of the ammonium

nitrate orills in the presence of water, which

agént has the effect of inhibiting access of

water to.the ammonium nitrate orills, the

10 'prills'being:disperséd in and surrounded by

the emulsion and the water-resisting agent.

“The water-resisting agent.may be present
in a proportion of 0.1 to 10% m/m of the

explosive.

15 The guar gum may, for example, be
‘a product of Trochem (Pty) Ltd supplied under
the trade name GUAR EB 940;



are both in liquid form but the expressi-on "enulsion” is intended to be
.construed as covering also the enul- 1 . sions at tenperatures bel ow
.that at which*they were forned, so-tha Thé di sconti nuous phase may be
solid. The oxidising salt of the emul sion conponent may conprise a nenber

sel'ected fromthe gr oupi €GeSt @dngl | bolikdl lb?‘Et@heBﬁvr at gpe ahF@'lii dEial
perchl orates, alkaline earth netal nitrates, kal i ne earth neta

perchl or at esbediebiisintatr ghe, abve- spec1ﬁﬁ@@nwﬁﬁewmﬁéﬁigﬁﬁﬁg a@@&ts
m xtures.aof two or nore thereof. solution. The oxidising salt may be

presentxmas asnableous wotdri dmpdmsésnlle e i 660Be Tutise PNASBLMARY Lhe
conprlsrnﬁ ammoni um nitrate and one or nore conpounds which, toge- ther

W th the amaminominid rederater pei 1bkl, Wlehebgs axdedd i 6@ miﬂﬁrV\hbcfthé
| ower than that of the ammoniumnitrate, the conpounds being capable of -

acting as oxygmonieneanitgatel pridld ubssinhibited.

The emulsion may be fprmed by diepersing the
discontinuous phase in the c.onti_nuous phase when they
are both in liguid ferm, Eut the expression "emulsion"

e is intended to be construed as covering also the emul-
10 - sions at temperatures below that at whlch they ‘were

formed, so that the dlscontlnuous phase may be a SOlld

The oxidising salt of the emulsion component
may c¢omprise a member selected from the group consisting
of: |

15 alkeli metal.nittates,

elkeli metal perchlorates,

\et alkaline earth metal nitrates,
alkeline earth metal perchlorates,'
emmonium nitrate,

20 .ammonium perchlorate, " and

mixtures of two or more thereof.



The fuel may formfromabout 2 to 25%in/mof 10 t he enul si on,
preferably being in the region of about 6%to. 15% nmmthereof. The

se a nmenbher seleeted from

emul n includes n emul.sj.fier which na

t he @up consi st i nf'8f C&dAdi T 9 sﬁga&i_é‘f%‘f’ﬂf‘g, gcfreosetréth A5n8f &t °
sorbitan 15 nDnopaIn1tate sorbitan nonostearate, sorbitan trlstea-
rate, the ﬂb 5 °fha di - glycerides of fat-formng fatty acids, soya bean
| ecithin, derivatives of lanolin, alkyl benzene sul phonates, ol eyl acid
phosphate, |aurylam no acetate, decaglycerol decaoleate, decaglycerok\

ggfazggﬁboﬁgs mﬁtha#%ngagdldéélde t%%lfl GEH%PSuﬁ¥ﬂ%$g Qﬁi ures“%‘?ia gby

t he | ubl
ot o AN M AEEREE ARG e FF 8@2?2%585’9‘*&4% 9152‘3‘39”935-' J
ﬁ@?ﬁtgrﬁﬁﬁgéﬁgm g anineniua it tate s SRr Andal b ﬁéﬁ\?hﬁ%ﬁe "gLe

menber selected fromthe grpup consisting of mneral oi s fuel oi
| ubri cat iRl Bing, PPintd eht ik hPwWescrilan that of the ammon £ b

nitrate, the compounds being capable of  acting as

oxygen-releasing salts or fuels.

The fuel may form from about 2 to 25% m/m ol
.10 the emuls;on, preferably being in the reglon of about 6%

to 15% m/m thereof.

The emulsion includes an emulsifier which may
comprise a member selected from the group consisting of
sorbitan sesquioleate, .sorbitan monocoleate, sorbitan

monopalmitate, sorbitan monostearate, sorbitan tristea-

15
rate, the mono- and di-glycerides of fat-forming fatty
acids, soya bean lecithin, derivatives of lanolin, alkyl
benzene sulphohates,_oleyl acid phbsphate, Iaurylamincl
acetate, decaglycerol decaoleate,_decaglycefol decastea-
20 rate, polymeric emuleifiere centaiﬁing polyethylene gly-

col backbones with fatty acid s.de chains, and suitable

mixtures of two or more thereof.

»



.l'ine waxes, paraffin waxes, xylene, petrolatum toluene, dinitrotoluene and
‘m xtures of two or nore thereof 10 / - I n general, when the
" di sconti nuous *phase con- talns wat er, ﬁrns wat er shoul d be kept at a

- tent f act | d ’
or event | on of -wasted ot y?ag}ls%f@fa szrﬁxaﬁ%rxi;ﬁ“&sv'vf%a“eéonmsoluble
detonation. The deQS|ty athe e éﬂf ngfhould bQ_SUfg o render it
suitably expl’d'éiva €Z1d 37C pt &f & Yt RedlPn 28 Tﬁ?‘p RFivesogeanis

Eﬁ{ar]dgs;r:de 3N b:ﬁ?ﬁé”"a%?%x%@del”s” 1REEH kSR §*ﬂbbl wéf%é%%n'f%s -
Cont ol and SN P fgorocadishsy, hal g?eeﬁla‘%tﬁxﬁre‘%w?ﬁﬁ{@ iy

gg geggent nitannnn|u$1n|teqe Thus the fuel GQay Eﬁm8r§6¥%|anmember-

nDnooleate selected from éhe group consisting of mineral oils, . fuel
oils, lubricating oils, 1liquid paraffin; microcrystal-
line waxes, paraffin waxes, xylene, peﬁrolatum, toluene,

dinitrotoluene and mixturgs of two or more thereof,.

10 © In Qeneral,.yhgn the discontinuous phase con-
tains water, this water should be kept at a minimum con-
sistent with forming a satisfactory emulsion and the
prevention of wasted energy aris;pg from steam produc-

tion upon detonation.

15 The density of the emulsion should be such as
to render it suitably explosive, and is preferably be-

L tween 1,25 g/ml and 1,45 g/ml at 25%.

The emulsion may include a density-reducing
agent to provide it with the desired density. Preferably
20 chemical gassing may be used to provide a density-reduc-

ing agent in the form of gas bubbles for density control

~ and sensitising.

<



An accept abl e range of Energan fornul ati ons nay,be percent mim 10

21 0N -7 - 21,4 - 50 anmmoniumnitrate porous prills
;l.!

5 - 78,6 fuel oil 0 - 3,6 anda typi cal -

f oMl ati on may be epul si qn _conpone amoniumnpitrate
.porous prills = 55 fﬁeré’illca;dgf Btlat“’n of the e"‘“a%ﬁ"&h P’ogedes an

expl osive having a density of 1,29 g/m. - 8 - Although relatlvely dense
amoniumnitrate prills my be suitable for use in the Ener gan formul a. -
tion, the Applicant believes that porous Amoniumnit- rate Qr IIsJagg
preferable therefor. The invention extends to a first . <l g an
expl osi ve which includes 21.4-50% m m of an expl osive emul sion conpr|5|ng a
di sconti nuous phase z#inehiwelnilesaae oxi - dising salt &8, R continuous
phase which includes a fuel and mhlch is inmmscible with the discontinuous

phase, -~ water 22,6
5 7 eil - | 10,0
sorbitan monooleate 1,3

An acceptable range of Energan formulations may

be At
percént m/m
10 N emulsion | _ 21,4 - 50
ammonium nitrate porous prills 50 - 78,6
fuel oil. 0 - 3,6
and a typical formulation may be
emulsion component _ 45 _
v

15 ammonium nitrate porous prills - 55

fuel oil additive 0

which provides an explosive having a density of 1,29

g/ml.



g ‘ -8 - . :
10 - and further includes 50-78.6% m mof amoniumnitrate prills, the
-met hod conprising dispersing, .into" the explosive emul sion, a water-

resi sting agent conprisiing guar gumjn conjunction with a crgss-linking -~
agent for inhibiting dé’t]etrq"g?gi‘l orF?)*af-H@e&rﬁmnﬁﬁﬁP'ﬁ t r 3M@oRdijum s thtrl@éie :

presence of watei whi ch. yat er - esi st i ng agent has the effect of inhibiting
access of watREI{dst HR ¥ R BFi Mse  1an¢n9cERgRGAN df opaudiary

the amobniumnjtrate I||SI toth mul si on, so that the prills are |

di spersed-in &R surt ?ﬂ'é ;M%?Bﬁsar&hi%ep\ﬁé't‘éﬁré@\“&ﬂw“a@érﬁ‘
The inVertion ext eggab cond’ et hod of 20 maki ng an expl osive
whi ch i n&t ude@%e Br Smahﬁ%fpéﬁ exakie VeherBEors on whi ch

conprises a discontinuous phase which includes an oxidising salt and a
conti nuous phase which includes a fuel and which is inriscible with the

di scon- tinuous phase and further includes_50-78.6%1 mof 25 anmoni um
nitratg - 9 - prill $he H@Wﬁb&%(ﬁ?ﬁﬁ%ﬁ’ﬁg%ﬂ g’peﬁ%Fﬁg methrdhef mak-
continuous phase, prior to mxing the continuous and di sconti nuous phases
together to flogran hsplosive iwhich dngdedes. Phe4-50% mimgehtancerplosivergmlaiongum

In conjunction with a cross-
comprising a d:.scont:.nuous phase which includes an oxi-

dising salt and a continuous phase which includes a fuel
and which_. is immiscible with -t'he discontinuous phase,

16 -. and further includes 50-78.6% m/m of amronium nitrate prills, the

method comprising
dispersing, into the explosive emulsion, a water-

resisting agent comprising guar gum in conjunction with a cross-linking
agent for inhibiting deterioration of the ammonium nitrate prills in the

15 presence of water, which wa Eer—zesmtingagent has the effect of mmbltmz
access oE water to the ammom.um nitrate prills; and
thereafter dxspersxng the ammonium nitrate prills

‘into the emulsion, so that the prills are dispersed in and
surrounded by the emusion and the water-resisting agent.
The invention extends to a second method of
20 - making an explosive which includes 21.4-50% m/m of an explosive emul-
sion which comprises a discontinuous phase which
- {ficlides an oxidising salt.and a continuous-phase which

includes a fuel and which is immiscible with the discon-

tinuous phase, and further includes 50-78.6% m/m of

25 ammonium nitrate



5  linking agent for inhibiting deter§oration of the amoniumnitrate -
prs in the presence of water, whjich water-resisting agent has the effect

of hl bi t imgh 1 Hecdde d?em%rc‘?'&mfﬁ“é%mm umnitrate prills; mxing the
continuous and djsconti nuqu phases wi th on no t emul si on;
and thereafter GrSPRIS éi‘%g PR Mf%&u%ust "% bpﬁr tt? “Ei%ﬁ%eéﬂgrml si on, ‘so
that the picbhtihudus aihtisthscsadmumuarrmasas rmgﬁtlm;‘ o fare theleimslsignd a he

Bgentcan HECOCRaRCuE Mert SeRfdouh BUEP M 1 B by vitn FRrdie 0

agent can ase before enui: SI on,
i s fd¥ned, lanking pgentofer dnhibitipg Qﬁtsrnpr@rt%@u qfn they AMEGANUE BHTAtE ¥ MS Hils

been forrred In other words, the first- or -second nethod according to
Content "of LR wRresenas sot ELSH oy r°?°f#$ﬁerea§ﬁ%ed§é£€' ha
the omi i BRe SHERSHAAEG THHEk EF B ARRASS o %'?%Et P érﬁm«égiﬁ‘@m
to the emul rsxla(t):r}aageteéri?inatlon t her eof . 10
mixing the continuous and -discont_inuous. phases with
.10 one another to form the emuision; and
_ thereafter dispersing the ammonium ni.t_rate prills
_ into the emulsion, so that the prills are dispersed in and
surrounded by the emulsion and the water-resisting agent.
If desired, a proportion of the.water-resisting
agent can be dispersed in the continuous phase before
15 the emulsion f{s formed, and a prdportion.c.;an be dis-
~persed in the emuision after it has been formed.

'In other words, the first or second method

ac.cording.. to the invention még comprise dispersing a
proportion of a desired.total content of the water-re-

20 sisting agent in thé continuous phase befpré mixing the
continuous and discontinuous phases with one another to

form the emulsion, and adding the remainder of the
water-resisting agent to the emulsion after formation

’”

thereof.



“ A procedure whereby all of the water-resisting agent is dispersed in the
emulsion is exenplified in Exanptet0 4. 3 and 5 bel ow and Is refer

.to herein- after in a table sumarising the exanples, as "procedure 5 > A
procedure whereby all of the water-resi'sting agent is dispersed in the
canti nuous phase before m xing the continuous and di sconti nuous phases w th
one another to formthe emulsion is exenplified in Exanples 10 2 and 6
bel ow, . and i g referrdd pootiedurRafhmreaby t adlt aiff et Benwartiexines st ing
exanpl es, as "procedure 2". A procedure whereby a proportion of the water-
resi stgzg ageant sigj spespedsed tir b i spulsigmsa sheexewpdifilrdngin the
conti ndgus _and di scontinuous phases with one another to formthe enul sion,
and the renBrad@® s iLmne3wafBf- Pedietomgandent iss rafexired tige hegwe thon
before adding the prills to the enulsion is exenplified in Exanples 4 and 7
bel ow, and a3tedt dm i tabher EnAMaZASdng theeexappd esumas i "prnrredure
exanpl'es, as_"pro- 20 cedure 3". Where the nethod includes procedure 3
as abbve- déscribed,_the met hod may further include addi ng water '

A procedure whereby all of the water-resisting
agent is dispersed in the continuous phase before mixing
the continuous and.discontinuous_phases with one another

- to form the emulsion is exemplified in Examples
10 "2 and 6 below, and is referred to hereinafter in the

table summarising the examples, as "ﬁchedure-Z'.

A procedure whereby a perdrtion of the water-

resisting agent is disperéed in the continuous phase be-

fore mixing the continuous and discohtinuous phases

15 with one anothet to form the emulsion, and the remainder
of the water-resisting agent is added to the emulsion
before adding the prills to the emulsion is exemplified

in Examples 4 and.7 belbw, and.is réferred to herein-

after in the table summarising the examples, as "pro-

20 cedure 3".



| to the emulsion after dispersing the remainder of the water resisting agent
- therein. The Applicant believes tha%ltf_h_i s may pronote gelling of

partesul ar water-resis- ting agent s"sUCh as the guar guns, to provide an
expMgg- ive with an inproved expl osi ve power. JAddi ng 20% to 45% of the

water constituent to &'ﬁgrgg HdUREE hBARSIEh PT b Qk st Priocedgrdi Bh ddieabove-
a

di'sconti nuous phase, an I ng the remai nder of the water thereafter has

been found i3l d ablig, d oA dinaGy apuexbledsi YAcawdy dadding twater
i nventi on, {5%8@?&% {vater constituent being typically between ?5?5 and-25%
mm of the ggul shon SATPRISH - aflemaespetsd Mg negeRemnndet af thbe
emul - 15 Sion and the anmoniumnitrate prills may be of t he types."and
may be used, g erQ%&%iﬂ?“%é@%“&f&ié@ﬂve- The meppbilcany ibelidwes
a_oljI usgld_ng t K& el “con- tent of the expl osive, for exanple by adding an
oil additiv tes ENMplay bRoeRY ¢ bahgnes tgert faulbantwder-resis-
expl dsi ve. %héf}fflpl ent §Ioi may be added tgo achEikf\:/e an oxygen bal ance of
bet ween +3 @'1?; ‘%%?M—_Qe JESH! 3Nt X Py @SV gums TheoOpk oadjdestamnexplyps—
conveni.ently e Prace when the amonium nitrate prills are dispersed in
the errulsmg_ve with an improved explosive power. Addi’ng 20% to

45% of the water constituenf: to the continuous phase
‘prior to mixing with the disconj:_inuous phase, and adding o
thé femainder of the water th'ere.after has been found to -
be suitable for pro\.riding- an. ekélosive; according to the

invention, the total water constituent being typically

betweén 15 and 25% m/m of the emulsion component.

| The w.ater-r'es‘isting' agent as well as the emul-
15 sion and' the ammonium nitrate prills may be of the types'

and may. .be.ﬁsed in the éroportions described above.

The method rﬁay include adjusti_ng the fuel con-
tent of thé .e'xplz.:sive, for example by _adding .an oil
additive i:o the emulsion to oxygen balance the resultant

20 expllosive. Sufficient oil may be added to achieve an
oxygen balance of between +3 and -3 in the resultant
explosive. The o0il -adjustment may conveniently take.
place when the ammonium nitrate prills are dispersed in

the emulsion.




- -12- For bul k expl osive applications, the emulsion with the water-resisting

*. agent, the ammoniumnitrate prills, a where applicable, the oil use.
_-oxygen bal anci ng, nmay be stored in s"eggzra‘fe conpartnents in a5 g
“tank located at a site where the explosive is required. Wen the explosive
i $:7equired, suitabl erpro-bdkt i@nplotiviee sppldriatidnshe mpzersmpﬁenrray
be fed through an auger and the output thereof. fed directly in- to
prepared bokdhil exhdO water-resistimgyf ddentpg ehpl oammen iium t el £ 08 teof
emul - sions-was prepared and used as control explosives: Control Explosive
1 const1§ue@ﬁ1kﬁs, and, where apphécadlte ) thenbdslomskdd for oxygen

anmoni umni trate 66, 1 water
22,6 fuel obalancing, may be stored 1lihOseparite wonpeohentsulisifaer
("CRILL 43" supplied by Croda 20 Chemicals SA (Pty) Ltd)

1,3/g1enulwdmaﬂmg wailer ddbcatdd! bhawsa site where the explosive is
required. When the'explosive is required, suitable pro-
portions of the contents of the compartments may be fed

~through an auger and the output thereof fed directly in-

to prepared boreholes.

N
10 ' The following explosives in the form of emul-
sions was prepared and used as control explosiveé:
Control Explosive 1
constituents of percent m/m
emulsion
15 o ammonium nitrate ' 66,1
water - ' 22,6
o fuel oil 10,0
sorbitan monooleate emulsifier
. ' - ("CRILL 43" supplied by Croda

20 Chemicals SA (Pty) Ltd) 1,3

An emulsion was prepared as follows:



- 13 - (a) The anmonium nitrate was dissolved in the water and the
sol uti.on ‘which constituted a discontiﬁg%uous phase was heated up to a

t er@pRit ure of 85 C; (b) A contl us phase consisting of the fuel oil *
©and CRILL 43 was heated up to [err]; and (c) The oxi di sing salt

sol.uti on wagaddded t oThlee aswwen hunus ifirste and sniddals 0 hvedwiitth tbepwetiede

an expl osive enul sion having a petroleumjelly- |like consistency and a

density of 1,35 g/nl.and@ Rhal $9lugdrpusvhighosanstitutede a pdistontdmne
di spersed. in the-enulsion in the proportion 55% mimprills: 45% mMm —
emul si on by m xi ng touvpusdupbase EwasganepteduceP R Bnetgnpemeatwrarf
for 24 hours in a dry egyironnent. Thereafter it was found that a péf}ion
of the Energan.could B8 @stonated with 60 g of Pentolite booster and the
bubbl e energy (ie a measure of the explosive power) was recorded as 2,35
I\/U/kg:_p A fuybtdher 20 A @ontiomosfs t pbaBeer gansdatiin®e ofet bhet efived t 01150
g of Pentolite booster and the bubble energy was recorded as 2,45 M/ kg.
_ and the CRILL 43 was heated up to 85 C; and
(c) The oxidising salt solution was added to the
continuous phase and mixed therewith to provide
an explosive emulsion having a petroleum-jelly-
10 ' like consistency .and a density of 1,35 g/ml. . N
Finally porous ammonium nitrate prills were
~ dispersed in the emulsion in the proportion 55% m/m
prills: 45% m/m emulsion by mixing to produce an Energan

product. v

15 The Energaﬂ:was siored for 24 hours in a dry:
environment. Theréafter it was found that a portion of
the Ehergan could be detonated with éo_g of Pentolite At
- booster and the-'bgbble energy (ie a measure of the |
explosive power) was'recorded as 2,35.MJ/kg. A further
20 portion of the Eneﬁgan could be detonated with 150 g of
Pentolite booster a;d.the bubble energy was recoraed as

2,45 MJ/kqg.



.-14- Afirst and a second transparent cylinder each of 0,5 mlength and
.0,10 mdianeter were filled with waterygnd further portions of the con
Energan explo- sive were thereafter poured into the cylinders to dis-
- pl,ace about 80% of t.he water therein and entrain small amounts of water |n
t he “expl osi ve. Thus Acatirst el cal isedsonsd cbraaispad entcotyhimier heach
Energan explosive with water entrained therein and the residual water
occupi ed t hefupPeiS partlength t&ndcy0i hllem aldametier ewere) filjledsi wéth
After 24 hours it could be seen that separation of the conponents of the
expl osj {é: hamtoex uandd:f ur thege pordpmns oaf thenotonttoloEnem; ammenpl o
nitrateprills had dissolved and a concentrated ammoniumnitrate solu- 15
tion had. cdvecwede atthhreaditterxn pburied cintoadéhe, oyl indempsdriae edis-
emul sion had coll ected above the said nitrate solution. The said residual
" wat ergwas p@lraszie oabait t B@cydEnddres watierhdheneini e oantmiasi of smhd 1
cylinders 20 were tipped out into atin and tested for sensitivity.
Nei t her any amcamtsn of wateontiont $hef explisiste cyl iThuaereaclnorOﬁnyhe
fraction of the contents of the second

cylinders contained a column of the Energan explosive

with water entrained therein and the- residual water

- occupied the upper portion of the cylinder above the ex-

10 plosive.

After 24 hours it'could be seen that separation

of the components of the exPloSive.had'occurred:_a large

. proportion, if not all, of the ammonium nitrate prills

had dissolved and a concéhtrated ammonium nitrate solu-

15 tion had collected at the botfom of the cylinders,
whilsf hydrated émulsion had collected above the said

nitrate solution.

'i‘he said residual water was poured out of the

cylinders and the remaining contents of the cylinders

59 Were tipped out into a tin and _teétea' for sensitivity.
 Neither any fraction of the contents of the first cylin-

der, nor'any fraction of the contents of the second

- cylinder could be detonated, even with the assistance of

a Pentolite booster.



cylinder could be detonated, even with the assistance of a Pentolite

boostet. - -15- Control Explosive 2 constituents of )
i pecmﬁ?_n1n1enulsion ammoniumnnitrate 15 - .- 72,28 5
sqdiumnitrate 4,50 wat er
17,32 fuel oil : 4,90 Crill 43
1, 00 An emnul si on was prepared as’ folloms 10 (a) The anmoni um
nitrate and a:fuglndﬁr@ %J\_A@ée adi ssolved in the water and the solution
~whi ch consti phase was heated up to a tenperatureqof
85 C (b)) . A conti nuous phase consisting of the fuel oil 15 A
and the CRILL 43 was heated up to 850C, and (C) The oxi di si ng 55¥T
sol ution wag 9t5% e g@ntinuous phase and mi xed tgﬁéfgggQ“ﬁgfﬁrovide
an explosiv nhavmg a petroleun}JeIIy li ke c d a
density of % - : ' i
ammonium nitrate S  72.28
5 sodium nitrate : : 4,50
water _ ' : 17,32
fuel oil - | ' - 4,90 .
crill 43 - | 1,00
An emulsion was prepared as follows.
10 (a) The ammonium nitrate and sodium nitrate were
- dissolved in the water and the solution which
constituted a discontinuous phase was.heated'up
to a temperature of 85°C;
(b) A continuous phase consisting of the fuel oil
15 and the CRILL 43 was heated up to 85°c; and
T (e) The oxidising salt solution was added to the

continuous phase and mixed therewith to provide
- , o " an explosive emulsion having a petroleum-jelly-

like consistency and a dehsity of 1,35 g/ml.



.z 16 - Finally porous amoniumnitrate prills and a fuel oi
.. bal anci ng 'were added to and nlxed||ﬂ(ﬁ#4xeenuis|on‘|n the pr
mmoprills: 3,6% mmfuel oil: 45%

for oxygen

oporti o‘“ﬁa%
enmul sion, to produce an 5

-Energan product. The Energan was stored for 24 hours in a dry environment.
Therafter it was foundrihall lyy p@ddcns ofarihen Famr gedteatled peiddtonaindl a
with 60g Pentolite boos- ter and t he bubbl e energy (ie a measure of the

expl osive. 1@uel pdderfovwasoxggenddsahangidiy Mitke addédr tther apd tmbredf

t he Energan could be detonated with 150g of Pentolite booster

and the

bubbl e “ener gntovaghe eenuliedcas iR, £hdlpkgpodtel dmesdgE $as mybidepiri d1she
transpare nt cylin- ders as described above for the Control Explosive 1, and

after 24 houns g#e i Anal £ ueb uldi vas 4isdent incAh emdlwionf tthe Saridude an
Expl osive 1. As described above in respect of Control Explo- sive 1, the

conterg s of Eherydnngecdusre subsequently 20 tested for sensitivi ty.

Nei t her any fraction of the contents of the first cyllnder

of the

10

15

20

nor any fraction

The Energan was stored for 24 hours in a dry
environment. Therafter it was found that a portion of

the Energan could be detonated with 60g Pentolite boos-

ter and the bubble energy {(ie a measure of the explosivei

power) was recorded as 2,35 MJ/kg. A further portion of
the Energan could be detonated with 150g of Pentolite
booster énd the bubble energy. was recorded as 2,45

MJ/kg.

‘The Energan was added to the transparent cylin-

ders as described above for the Control Explosive 1, and

_after 24 hpurs the visual result was identical to that

of the Control Explosive 1.

As described above in respect of Control Explo-

sive 1, the contents of the cylinders were subsequently
:te"sted. for sensitivity. Neither any fraction of the |

‘contents of the first cylinder,nor any fraction of the

contents of the second cylinder could be detonated, even

with the assisfance of a Pentolite booster.



contents of the second cylinder could be detonated, even with the

assigs{ance of a Pentolite booster. - 17 -. The invention is now descri bed
by :of the following non-limting @farpl es: EXAMPLE 1 The enul sion ;
can tuents listed above in res- 5 pect of Control Explosive 1 were

dsed in the proportions as above-specified to prepare an expl osive
according to the invention as follows. An enul sion was prepared by (a)

di ssol ving ‘the amroni gl Lhghd fbANa AaheL Uescribed by i BEaling
the resulting solution to [err to provide a discontinuous phase; (bx

heating th | US, JHLOF Em§ I td he fuel oil and the Cril ;43 to
85 C (c) %&Hr:é‘;?ﬁg t%he hegrf‘gga?grs]téi%\%gggegnd di sconti nuous phases ¥

t ogether to forman enul sion; and (d) + mxing 1,0% of -a water-resisting
agent conpri- sing GUAR EB940 into the emulsion (ie 1 part neasured as . a
proportionEigMPLQel resul tant explosive according to the invention w thout

The emulsion constituents listed above in res-
5 pect of Control Explosive 1 were used in the proportions
as above-specified to prepare an explosive according to

the invention as followé.

An emulsion was prepared by
(a) .dis'solving' the ammonium nitrate in the water
10 . and heating the resulting solution to 85°C to
providg a discontinuous phase;
(b) héating the continuoﬁs phase consisting of the
fuel oil and the Crill 43 to 85°C;
(c) mixing the heated continuous and discontinuous
15 phases together to form an emulsion; and
. (a) | mixing 1,0% of a water-resisting agent compri-
| sing GUAR EB940 into the emulsion (ie 1 part
-measuréd as a proportion of the resultant
.explosive 'acc0rding to the invention withqut
20 | the. sodium dichromate cross-linking égent re-

ferred to below).



-20

t he. sodi um di chromate cross- Iinking agent re- ferred to

_bel ow) , ~ Thereafter porous ammniumnitrate prH-l s were added to the

enul si on pre
prills: 45%
di ¢hromat e
enul'sion in
kg enul sion,
The density
added tao;tra
and afte>‘24
t he expl osiv
t he enulsion

pared according to (a) te- (® -abover in the proportion 55
n1n1of t he emnul si on. - Finally, sodium

the pr opor B8 SHAEEF " %ﬁf 3 LB S AR e n A L pRe e
R EL TR PREFLLR, Bt ed, ootald ﬁir‘%é‘;?os?.lﬁ*ewég’

}m

%n%&; nt Q}’H.ﬁg %f %ggtgﬁ crepgd far m ;ﬁ%]@?iﬂsro' &Pl ﬁ(eojfof

our cou e I Nsi gni separation 1

ngggggg}lnpad occured, except. for a negl i gi bl e proportion of

aving co
ers were renoved therefromand detonated with 150 .g of

ected at the top of the cylinders. The contents of

oster, and the bubble energy was recorded as 20 1,44 M/ kg..

Finally, sodium dichromate (a cross-linking
agent fﬁr the GUAR EBS40) was mixed into the emulsion in
the proportion 3ml of 33% solution of sodium dichromate
per 2 kg emulsion, to provide an explosive according to

the invention.

The density of the resulting explosive was 1,30

g/ml.

This "explosive was added to trénsparent cylin-

‘ders as described for the Control Explosive 1, and after

the cylin- d
Pentolite bo
5
10
15

s

24 hours it could be seen that insignificant separation

"of the explosive compdhents had'occured, except for a

negligiblé préportion of the emulsion having cdllected

at the top of the cylinders; The cohtents of the cylin-

* ders were removed therefrom and detonated with 150 g of

20

Pentolite booster, and the bubble energy was recorded as

1,44 MJI/kg.



-19- EXAMPLE 2 The emul sion constituents |isted above in res- pect of
Control Explosive 1 were.used in the proprtions as above-specified to
" prepare an expl osive according to 5 the invention as follows. An enul sion

w&'iﬁpepared by (a) di ssol vi ng-tH& amoniumnnitrate in the water and
“heat¥ng the resultant solution to [err] to provide the discontinuous phase;
10 (b) heating the continuous phase consisting of the 0 fuel oil and
the CRILL_4; E&; C, and dispersing in the continuous phase a

wat er - remgg—agent conprising 0.40% m m of GUAR EB490 (neasured as. a
proportion of the resultant explosi.ve according 15 - to the iQyention
W t hout the sodiumdi chromate cross-|inking agent); and (c) m ¥ ng the

continuous and dis tiéMM}?' agHh {§@; t9ikeda t. l;$§ OpegEinal ly,
porous anmmoni um ni ??gt e pri ?'gnwere_éZ adé(}g{dst olt %e errél}ﬁg‘?%]ﬁl 1pr epa?ed
accordingd o (8F 'vrftdol Explosive 1 were used in the proprtions

~as above-specified to prepare an explpsive according to

5 the invention as follows, -
An emulsion was prepared by

{a) dissolving the ammonium nitrate in the water
and heating the resultant solution to 85°C to
provide the discontinuous phase;

10 (b) heating the continuous phase consisting of the
| fuel oil and the CRILL 43 to 85°C, and
dispérsing in the continuous.phase a water-resisting
.agent:comprising 0.40% m/m of GUAR EB490 {measured
as a'proportion of the resultant explosive according
15 to the iﬁvention without the sodium.dichromate _ g;

cross-linking agent); and

(c) mixing the continuous and discontinuous phases

tbgether to form the emulsion. .

Finaily, porous ammonium nitrate prills were

20 added to the emulsion prepéred according to (a) to (c)
above, in the broportion 558 m/m §rills: 45% of the
emulsion, to provide an explosive according to: the

invention.



above, in the proportion 55 mmoprills: 45% of the enulsion, to provide
an expl osi ve according to the invention. -20- This expl osive was added
t<0 transparent cylin-. ders as describ%d above for the Control Expl osive
and.-after 24 hours it could be seen~t 2 S nsi gni ficant sepa- ration of t'@
expl osi ve conponents had occurred, a neg- 5 ligible proportion of the

enmul sion having collected at the tops of the cylinders. The contents of

th lind f t Led W fy .

Pontof 1 te booster s Ene it € 48E Whae LONcEldd b Ipfr 10

"EXAMPLE’G ., | 1, s t ; t Ry EB dded

to the .e%ﬁg?,gg; ﬁs,asdggggég%ﬁ‘gqg;,%c%% lﬁqﬂgnectgrsﬁ&r!ﬁgg %Ppsr g’pjér i'o%%%f at hg
| tant s . top | ; \ ' Linki

15 agent . MU A4 RoBEOUt Uhdsy BE SRURTEnAE HdtHs £ 1EaREoSTRa K 0

~ the EXDPOSEQ%fEWmBEeQH%'EﬁbPGQPﬁée@ddbéﬁgiégaﬂéﬂabé%%ﬂﬁédﬁerﬁeg-

5 ligible proportion of the emulsion having collected at

- - the tops of the cylinders.

The contents of the cylinders were removed
N therefrom and detonated with 1509 of Pentolite booster,

and the bubble energy was recorded as 2.13 MJ/kg.

10 EXAMPLE 3

Example 1 was repeated except that the amount

" of GUAR EB940 added to the emulsion was reduced to 0,45
% m/m, measured as a proportion of the resultant explos-

- ive ‘according to the invention without the cross~linking

15 -~ agent.

After 24 hours it could be seen that virtually
no separation of the explosive components had occurred

in the transparent cylinders.

The contents of the cylinders were detonated
20 with 1509 of Pentolite booster, and the bubble energy

was recorded as 2,0 MJ/kqg.



The contents of the cylinders were det

boost er,

The

we sed in
acco¥dling to 5

(a)

and t he bubbl e energy was réc%
| sion constituents |isted above in res-

nated 20 with 150g of Pentolite

tded as 2,0 M/ kg.

pect of Control

Expl osive 1

rtions as above-specified to prepare an emul sion

the inventi

di ssol vi ng

t HEhe agfyisden menskktueatsydiished

n.,as follows. An emul sion was prepared by

-21- EXAMPLE 4

abkP¥Ry WMogesm m

i - of the water

con
to 10 pec
conti nuous phase

tituept--and;heati-ng, t :
t ?#tégﬂgr?ﬁeBdP§8 tviendote phavaed fn the preperyiens

t he

uel.

oi |

resul t ant

and CRIL

.sol ytion

to

[err]

ePTEESTS i 2B

43 to 85 C, ang j\
S E¥RpRicsars M ELE9,

| sti .Qf, t f
di spersing a Qﬁ%apo‘g%‘lagfbgglgﬂe;\?\}é?
0.into the 15

m m of GUAR E

measure® as a-p

BRd

invention withgout +He

(a)

10
(b)

15

('c)-

20
{d)

(e)

oSS R "?flef?&m”?a'nt expl osi ve according to the
{D0SPas | PEE Y- 89°8Y) - |

conti-nuous phase, (ie.

dissolving the ammonium nitrate in approxi-

mately 10¢ m/m of the water constituent and
heating the resultant solution to 859c to
prOvide-the discontinuous phase;

heating the continuous phase consisting of the
fuel o0il and CRILL 43 to 85°c, and dispersing
a 50% proportion of a wééer—résisting agent
comprising 0,225%
continuous phase, (ie. 0,225% measured as a
proportion of the resultant explosive according
to the invention without the cross-linking
agent); |

mixing the continuous and discontinuous phases
together to form the emulsién;-
dispersing the remaining 0,225% m/m of the
GUAR EB940 into ﬁhe emulsion; and
then mixing the remaining 12,6% m/m of the

water iato the emulsion.

0, 225%

m/m of GUAR EB940 into the



(¢) - mxing the continuous and di sconti nuous phases -1 20

together to formthe emnul sion; (d) ~ dispersing the remaining 0,225%
m m of the GUAR EB940 into the enul sLop2 and (e) t hen m xing the '
remaining 12, 6% n1n1of the water into the enul sion. 22 - Thereafter

por 6us ammoni um ni trat e ’b‘?’r’??gtﬁéré’m P@“Pﬁé“@nmls"r'b?ltﬁré‘p'arlécﬁ were

according to ..above, {n, the proportion 55% mmprills: 45% mm
of the enulsi%%hﬁé)é rthe emu SFP&ﬂREPPQREﬁuﬂFCBFéHP8m£Q3(Pé to (e)

cross-1inking gent for the GUAR EB 40 |nto he emul sion in the
pr opor tfjon Sn?%%fq' ‘V‘gol'{}ﬁ oﬁr89°§gd°{1"m\,\§§s‘t HFé'tePf)b? Skg bl s @6
provi de -aff’ ex;glh Si :éﬁlascco‘gdl ng to the invention. Thi s
expl osi ve was a dé hsparent cyli'n- ders as descrlbed above for the

Control Explosive 1, and after 24 hours it could be seen that virtually no
sepa- raation of the expl osi ve conponents had occurred. The contents of the

'ggl)is?g?"ss were renpved gjer pf pomgand detogat, romatqh 15P§ Ofcr%esr]st-cilmkmg

P agent for the GUAR EB940) was mixed into the emulsion in
the proportion 3ml of 33% solution of sodium dichromate
per 2kg emulsion, to provide an explosiﬁe according to

the invention.

10 This explosive was added to transparent cylin-
ders as. described above for the Control Explosive 1, and
after 24 hours it could be seen that virtually no sepa-

raation of the explosive components had occurred.

The contents of the cylinders were removed
15 therefrom and'detdnated with 150g of Pentolite booster,

and the bubble energy was recorded as 2,17 MJ/kg.
EXAMPLE 5

Example 1 was repeated, except that the amount
of GUAR E3940 added to the emulsion was reduced to 0,90
¢ % m/m, measured as a proportion of the resultant explos-

ive according to the invention without the cross—-linking



and the bubbl e energy was recorded as 2,17 M/ kg. EXAMPLE 5 Exanple 1 was

repeat ed, except that the anpunt of GUAR EB940 added to the enul sion was
re ed to 0,90 20 % mm neasured® as a proportion of the resultant
ex - ive according to the invention w thout the cross-linking - 23 -

agent. After 24 hours it could be seen that insiging- cant separation of
t he expl osi v2@®mpeonents had occur- red, a negligible proportion of the
emul sion having collected at the tops of the cylinders. The contents of the
cylinders were detonated with 1509 of Pentolite booster, and the bubble

energy was.recorded as
except that
m m neasured as a

ti fth | t,ant
i nvention wi t9JU %[?%Daoéaotlsggq\?aé nghég?étp.l%%ltve? SAMRENLDES: ’éﬁal ¥ ESeen

r epeat ed,

..explosive according to the

that virtuallygdS a2 N9gPEREHTL' OBreboriE R PP LR OMAIEIoh "flving

occurred

5

10

15

collected at the tops of the cylinders,

The contents of the cylinders were detonated
with 1509 of Pentolite booster, and the bubble energy

was recorded as 1,90 MJ/kg.
EXAMPLE 8

Example 2 was repeated, except that the amount
of GUAR EB940 was increased to 0,90% m/m,measured as a
proportion of the resultant explosive according to the

invention without the cross-linking agent.
After 24 hours it could be seen that virtually
no separation of the explosive'components'had.occurred

in the transparent cylinders.

The contents of the'cylinders were detonated

with 1509 of _Pentollite booster, and the bubble energy

was.recorded as Z,ilMJ/kg.

s Ry FEORR Eo0I8 he soenchben foeda-

L;



1n the transparent cylinders. The contents of the cylinders were detonated
with 150g of Pentolite booster, and the bubble energy was recorded as

2, 11MJ/ Kg. -24- EXAMPLE 7 - Exanpl € £ 4as repeated, except that the. #g;;
amount of- GUAR EB940 was increased from 0,45 tie 0,225 and 0, 225)% m
to- 0,90 (ie 0,45 and 0,45 % mm 5 nmeasured as a proportion
of the resultant explosive according to the invention w thout the

. cross-linking agent. After 24 hours it could be seen that insignifi- cant

" separation of EXPMRIXBIDsi ve conponents had occur- 10 red, a

negligifil e proportion of the enulsion having collected at the tops of
t he cylﬁndérs. The contents of the cylinders were detonated with 1509 of
Pentolite booster and the bubble energy was recorded as 1,80 M/ kg.

: Example 4 was repeéted; except that the amount
of GUAR EB940 was increased from: 0,45 (ie 0,225 and
0,225)¢ m/m to 0,90 (ie 0,45 and 0,45)%  m/m,

5 measured as a proportion of the résultant. explosive
according to the invention without the cross-linking

agent.

- After 24 hours it could be seen that insignifi-
cant separation of the explosive componeht§'had occur-
" red, a negligible proportion of the emulsion having

10
collected at the tops of the cylinders,

The contents of the cylinders were detonated
with 150g of Pentolite booster and the bubble energy was

(% recorded as 1,80.MJ/kg.



- 25 - The visual exam nation of the Exanples showed clearly that the ex-
tent of separation in water of the conponents of the ex- plosive of the

Ex s was virtually non existent, or at |east negligible conpared to the
seps t|on visible 5 wth the contr%l explosives in water. Were there
was'no-or negligible visible separat ? 6t the conponents of the explosives
in water, there was no apparent major re- duction in the explosive power
thereof. In fact, it is clear fromthe recorded bubble ener gi es that:
expl osi ves 10 accordlng to the invention after 24 hours in water real

ise a lar ge pr oportthe \dfsuaheexampnntaohlaf the Exaenbee shypweth ebeaitly. that - N2 Gex=
* C L él. ex Io? & mhlch |ncI des % N?%O@b y
nm mof an exﬁleé’stl W %ngﬁﬁlg&’rﬂﬂ s"f'?fge s OfnEbR ex=

el S1 1 er ot PR ke CErBrBiRe e ASH ”Ta'aﬁ% b”fjﬁﬁﬂ%? ST A
' m of annnnhwnfggg néﬁiiéfblgncbmpared to the separation visible
5 with the-conﬁroi ekplosives in waté;.' Where tﬁere was
no or negligible visible separation of the components of

the e#ploéives in watér,_theré was no apparent major re-
dﬁction in the eiplosive power thereof. 1In féct, it is

. clear from the recorded bubble energies that explosives

10 according to thé invention after 24 hours in water real-
ise a iargé ﬁroportioﬂ of their potential_bubbie energy

when dry.

s



'é-mater-resisting agent conprising guar gumin éonjunction with a

cross-linking agent for inhibiting deterioration Hlmgmmﬂuulnr’ml L.r?fte |
11 AL |%§§%§
n -

prills in the presence of water, which agent has
ageess of water to the annnnlun1n|treu%§fyills, the prild s"befng* disp
i i. and surrounded by the enul sion and e water-resistingagent. 2.

expl osive as claimed in Claim1l wherein the water-resistingagent is present

in‘a proportion.of 0.1 to 10% m m of the expl osive: -27- 3 An
epr03|ue as CICRLAIMS in Caim1l orr Caim2 wherein the oxidising salt
conpri sBsia neneber selected fromthe group consisting of alkali netal

nitraté » al kali metal perchlorates, alkaline earth nmetal nitrates,
al kaline ‘earth netal perchlorates, amoniumnitrates, ammoni um

perchliorates, and mxtungs ¢xh1083 v WHlch 4 19RIes

21.4 - 50% m/m of an explosive emulsion comprising
a discontinuous phase which includes an oxidising salt
and a continuous phase which includes fuel and
emulsifier and which is immiscible with the discontinuous
phase;

50 - 78.6% m/m of ammonium nitrate prills; and.

a water-resisting agent comprising guar gum in
conjunction with a cross-linking agent'fqr iphibiting
deterioration-of the ammonium nitrate prillé in the
presence 6f water, which.agent has the effect of
inhib;ting access of water to the_aﬁmonium nitrate
prills,

the prills being dispersed 'in and surrounded by

the emulsion and the water-resistiﬁgagent._

2. An explosive as claimed in Claim 1 wherein
the water-resistingagent is present in a proportion

of 0.1 to 10% m/m of the explosive.



4. d in any one of the pre- ceding clains

wherein the OXIdISIn s present in an aqueous solution. 5. An
expl Qve a ‘% !ﬂliu] one of the presyceding clains, wherein the
t

ammonium nitrate and a conpound whi ch,
e annDnlun1n|trate forns a nelt which has a nelting point

mhlch is | ower_than thak Ofgéyée y nggmly rﬁgéa ﬁhﬁlgggpqu%%é%@dg% 5

capabl e of actgﬂg as an’ oxyg asi ng ST

A £Xppost ve as ol &l Mel01A":ABS Glihig ifGe: o NGl WAET Glduldle

fuel of the continuous phase forns m m of the enul’sion

An expl osi ve a§0Fé@fgadf&3ma@“é¥#iﬁﬂﬁté@hg{gflﬁ§db g clains, mherelﬁ*f%e

fuel of the continuous phase Is and non- epr05|ve 8. An
expl osive as clainmed in Claim8 wherein the fuel of the continuous phase
I ncl udes a nenber selected fromthe group consisting of mneral oils, fuel

oil's, lubricating odigalki Adk@ 1P it fdtes M Cro- crystalllne waxes, paraffin’
waxes, Xylene, petrolatum toluene,

alkali metal perchlorates,
alkaliné.earth metal nitrates,

"~ alkaline earth metal perchlorates,
ammonium nitrates,
ammonium perchlorates, and

mixtures of two or more thereof.

4, An explosive as claimed in any one of the pre-
ceding claims wherein the oxidising salt is present in

an agueous solution.

5. . An explosive as claimed.in ahy'one of the pre-
ceding claims, wherein the discontinuocus phase includés
ammonium nitrate and a compound which, together with the
ammonium nitrate, forms a melt which has a melting point
which is lower than that of the ammonium nitréte,.the
compound being capable of adtiné as Ah oxygen releasing

salt or fuel,.



~di ni trotol uene, and nixtures of two or nore thereof. 9. An epr05|ve as

clainmed in any one of the preceding clains wherei onpr
a nenber selected fromthe group consisti ng of so muﬂ'"ﬂm i,”ﬂ"F

sorbitan nono- ol eate, sorbitan nmonopal#®tate, sorbictah mbnost ear at e
soi:bitan tristearate, the nono-and di-glycerides of fat- form ng fatty

- aci ds, soya be |eCithlﬁn Qﬁ[;'l}é@tl'v%esaéjfciﬁﬂ%anmnala‘iw é)@é\zg@ethe pre-

sul phonat es, aci d phos- pl at e,

lauryl ani ne aceée@l desa%)écewefi?m%ﬁat ¢uede opaﬂhacesahm%%t PHALE,

polynerﬁcxenuIS| cont ai n- I ng polyethylene glycol, backbones with

fatty asid signgl wazn& 29¢ AVint 82! @h@i EmineIicH. two or nore thereof. 10.
An expl osive as lialmed In any one of the pre- ceding clainms wherein the

density of the explosive is from1,25 g/m to 1,45 g/m at 25 C. U.

An explosive as clainmed in any one of the pre- ceding cl ai ms, which

i ncludes a denspty-reduchRgerpebkivie td éPafmed gas dnbbdbrs. of2the pre-
An expl osive substantially as herein des- cribed with reference to any one
of Exanples. ceding claims, wherein the fuel of the continuous phase

is organic and non-self-explosive.

8. An explosive as claimed in Claim 8 wherein the
fuel of the continuous phase includes a member selected
from the group consisting of mineral oils,'fuel oils,
lubricating oils, 1liquid paraffin, micro-crystalline
waxes, paraffin  waxes, xylene, petrolétﬁh, toluene,

dinitrotoluene, and mixtures of two or more thereof.

9. An explosive as claimed in any one of the preceding claims
W’ wherein the emlsifier comprises a menber selected from the group
consisting of sorbitan sesquioleate, sorbitan mono-
oleate, sorbitan monopalmitate, sorbitan monostearate,
sorbitan tristearate,.the'mono-and di-glycerides of fat-

forming fatty acids, soya bean lecithin, derivatives of

lanolin, alkyl benzene sfQlphonates, oleyl acid phos-



13. A nmet hod of maki ng an expl osi ve which includes 21.4 - 50% nm m of
an ex| I05|jﬂ“ I sing a discontinuous phase which includes an
oxi a4 ﬂﬂlﬂ'ﬂ“(ﬂmm‘mous phase®@tich i ncl udes fuel and enulsifier

and h i S i §C|ble\MWr1the di scanti nuous phase, and further includes
50 - 696n“n10f agnn n1n|trate rills, the_method conprising
dlsperS|ng Phateen Bfﬁléﬂkﬂ?eﬁﬁﬁ pER, Qeﬁaeéﬁceﬁaisﬂ¢¢epbg@he. de-

conpri si ng guar - crqss-1linking, agent for

um i on ction with a _
i nhi biting A% }f%ﬁﬁ?f ﬁe %ﬁﬁ%ﬂlUHPﬂNWF&ﬂ& mﬂqﬂﬁé #ﬁ!ﬁecﬁﬂégéﬁce of

wat er, mhlch mater sti a as, the, ef fect of hi bi ting *

C L MS a&?&g \fc’d?"e %ﬁ Eﬂﬁ’bh?ﬂﬁ?nl“t‘r%ﬁ e?ﬁFFlYI @c’a‘ﬁdﬂ&d

t hereafter dlsaoerssm%:; éhea |umn|trate {Is into the emnul sion so that
Cthe prills &6 di%peT dsFﬁ %% ¥R @RuPSFSntafFack

wat er-resi sting agent. 14. A nethod of maki ng an expl osi ve which

i ncl udes 21.4 - 50% m m of an ‘expl osi ve enul si on,, and whi ch conprises a

di sconti nuoys, phase wy ol 9CLIGES A O hheh" LYy Leot Td UgHS- P15

ceding claims wherein the density of the explosive is

‘from 1,25 g/ml to 1,45 g/ml at 25°C.

11. An explosive as claimed in any one of the pre- \/

ceding claims, which includes a density-reducing agent

in the form of gas bubbles.

12. An explosive substantially as herein des-

cribed with reference to any onme of Examples.

13. A method of making'an explosive which includes
21.4 - 50% m/m of an explosive emulsion, comprising a |
discontinuoqs_phase which includes an oxidising salt and

a continuous phase which inciudes fuel and emulsifier and
which is immiscible with the discontinuous phase, and
further includes 50 -~ 78.6% m/m of ammonium nitrate prills,
the method comprising | | . |

| diepersing, into.the explosive emulsion, a.water-
resisting agent comprising guar.gum in eonjunctioo with a -
cross-linking agent for inhibiting deterioration of.the |
ammonium nitrate prills in the presence of water, which

water~resisting agent has the effect of inhibiting



fénd enul sifier and which is inmscible with the di j e, and

further includes 50 - 78.6% m m of ammoni_um nitrat Eiﬁ '"ilgil[ Billhod _}

*Conprising dispersing, into the conti nubRQ phase, ! s11g,t he
a

conti nuous and di sconti nuous phases together to formthe emulsion, -
wat er - r esi st : t |.Si yar, qum.dn canj.unctio ith a '

- cross-linki ngg‘%é%%t%n. off i nellf)i G AR T r&q:e[ P n_iad‘rﬂ nitrate
prills in the presepehife &1 e At qg@p; Qﬁg.t ef f ect
of inhihiting ac_ce?s ofé&mg;% tios_ﬁtq?esc.l_gl%ﬁm ni tnr%'a e91pir| I se; m XJTI% the
cont i nuol¥ and ndios AN iehHAE i ARE T HE HANOIS Yrd UildHIRIE (MY O
and the fter dispersing the anmmniumnitrate prills int6 the emul sion so
that the pril surdounded&ysathd Rnll&ioH and Ad wa tdie @By apbdie
wat er -resi sting agent. 15. A nmethod as claimed in Claim13 or Caim
14, which includes dispersing a proportion of a desired total content of
t he wat er-resildt.i ng ageit merthiode oo maikingu anp leexpd dsdifver evhiiich g dlheles
cont i nuous and - 31 - discontinuous phases with one another to formthe
emul - 21.4 - 50% m/m of an explosive emulsion, and which

comprises a discontinuoﬁs phase which includes an
oxidising salt and é continuous phase which includes fuel
and emulsifier and which is immiscible with the
discontinuous phase, and further includes 50 - 78.6% m/m'
of ammonium nitrate prills, the method comprising
dispersing, into the continuous-phaseg p{ior to
mixing the continuous and dis@ontinuous phases together
to form the emulsion, a water-resisting agent comprising
guar gum in conjunction with a crossélinking agent_for
inhibiting deterioration of the ammonium nitrate prills in
the presence of wéter, which water-resisting agent has the
effect of inhibiting. access of water to the ammonium
o nitrate prills; '
mixing the continuous and discontinuous phases with
'one another to form the emulsion; and
thereafter dispersing the ammonium nitrate prills
into the emulsion so that the prills are dispersea in and

surrounded by the emulsion and the water-resisting agent.

15. . A method as claimed in Claim 13 or Claim 14,
which includes dispersing a proportion of a desired
total content of the watér-resisting agent in the

continuous phase before mixing the continuous and



sion, and addi ng the remai nder of the water-resisting agent. to the emul si on

t he ter-reststind adent thBLﬂLﬂ 17. A nmethod as clai.med in any one
of »OMims 13 to 16, which i'ncl udes adj usting the fuel content of the

expl osive .1q Péé_lgﬁ@lhﬂ %@C?ﬁQEeFXQJ i%H Véne 1§n8ther to &?ﬂeregeree ul-

maki ng an expl oSTve, stan- trally as herein-described w nce to
any. one Oftrﬁig%amQﬁ§ adding the remainder of the water-resisg®ig

?Lé%éf e AROMRIPHIRLIERAR . crv 'onsts 26 Sor Srng e e ma nder o

agent to the emu151on after formation thereof

16. - A method as claimed in Claim 15, which includes
adding water to the emulsion after'dispe:sing the re-

mainder of the water-resisting agent therein.

17. A'method'aS'claimea in any one of Claims 13 to
16, which includes adjusting the fuel content of the

explosive to oxygen balance the explosive.

18. A method of méking an explosibe, substan- -
tially as herein described with reference to any one of

the Examples.




