21286 01 Water-in-G | Emul sion Blasting Agents Contai ni ng Unreflnﬂd or.
Partly Refined Petrol eum Product as Fuel Conponent. . The present vention
relates to water-in-oil 5 enul sion expl osive conpositions which consist of by
a continuous carbonaceous fuel phase which is external.,, and, a discontinuous
aqueous oxidising salt solution phase which is internal . Zﬂ_rﬂ Beﬁﬁilzul ar,

the invention relates to such enul sion expl osive conpositions con- 10 s
tai ning a carbonaceous fuel phase which is advantageous over those : f"
disclosed in the prior art. Water-in-oil enul sion explosives are now wel |
known in the explosives art and have been denonstrated to be safe, economc

and sinple to manufacture and.to {45 _yield excellent blasting results.

Bluhm in United States Patent No. 3 447 978, disclosed an enul sion

expl osi ves conposition conprising an aqueous di scontinuous phase contai ni ng

di ssol vedite s@pplm@gsﬁmtmagtg b@n@@@@@oﬁyﬁnp@;\tl nuous phase, an

occl uded T di scl osures have
descri be A : > ' 0si ves
conp03|t|§ggg Coﬂ' nclude Unlted States Patent No. 3 674 578,
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Pat ent No. 25 %‘*%%ﬁg“ﬁadm |te6c}5 lgtéét e% %J951,7é§ 3’41 wade:
Uni t ed® Steaielé%srbatﬂen?xméoswleloCPMO%H&OHWvéacste&@ssw&tten@fm 4 149

916, Wadeiod4iideshSt Q:Ta.%olﬁa.b%@hs'\bfuéll“ﬂhﬁég w\Aélféfa U@I toek iptes Patent
No. 4 141 767, Sudweeks .& Jessup; Canadian Patent . 096_173, Binet 30
and Seto:? ?’edéjé?ﬁf)@}llﬂd‘{%’ﬁ ﬁ@“%‘ﬁl"ﬁ?ﬁa"ﬁ%§ s@rﬁ'iea°éﬂ"§t1é’sn Pat ent

"No. 4 10@H§§§ whirhyisUniveerSeht es Hat parthouldr23the2linv@mbiraks &
Lawr ence;r 4y ¢ 84 $ﬁu§§cga@331§@on4é%gﬁ@ggveBﬁgaﬂJEEPans con-

10 taining a carbonaceous fuel phase which is advantageous

over those disclosed in the prior art. .
Water-in-o0il emulsion explosives are now well
known in the explosives art aﬁd.have been demonstrated
to be safe, economic and simple to manufacture and to
15 yield excellent biasting results. Bluhm, in United
Stated Patent No. 3 447 978, disclosed an emulsion
explosijes composition comprising an aqueous
discontinuous phase éontaining dissolved oxygen-supplying
salts, a carbonaceous fuel continuous phase, an occluded :
20 gas and an emulsifier. Since Blubhm, further disclosures
have described improvements and variations.in water-in-oil
explosivgs compositions. These include United States.
Patent No. 3 674 578, Cattermole et al; United States
Patent No. 3 770 522, Tomic; United States Patent No.
25 3 715 247, Wade; United States Patent No. 3 765 964,
Wade; United States Patent No. 4 110 134, Wade; United
States Patent No. 4 149 916, Wade; United States Patent
No. 4 141 817, Wade; United States Patent No. 4 141 767,
Sudweeks & Jessup; Canadian Patent No. 1 096 173, Binet
30 and Seto; United States Patent No. 4 111 727, Clay;
United States Patent No. 4 104 092, Mullay; United
States Patent No. 4 231 821, Sudweeks & Lawrence;
United States Patent No. 4 218 272, Brockington;



-2- United States Patent No. 4 138 281, O ney & Wade; United States Patent
No. 4 216 040, Sudweeks & Jessup and United States Patent No. 4 287 010,
oren. I n Canadi an Patent No.1 106 835, Bent et al and in United States
Patent Nes. 5 4 259 977 Brockington and -4 273 147, O ney, nethods are

di scl osed for the preparation and pl acerzent of enul sion explosive -
conpgsi tions. "All ‘of the aforenentioned enmul si on type expl osive
conpositions contain an essential enulsifier redient. 10 Wthout the
presence of suchUmitehu$tatésrPatept nﬁ’&ed‘iph&%egsbf Phee¥okpBade; oHnibed

separate to fOHT?r@aéé’é/eﬁ@@le:{'ﬂ Ml & Ay E070 Sildivlsletcs &SJa@sepphﬁal Ugited
Addi tionally, al

of the aforeqgention ositions cont s.th
car bonaceous fue¥t3¥es dP258PE d8rbdh g&)ugm gP¥&Pent SP 8i%ag an 'Batent
substantially highly 1®4 863, Geurdtf iadd astdatim Unifed StampkePatiantedos.
States Patents No Sés%%g‘?%%éﬁﬂégéntQﬁduiez'?é ’ﬂ"&‘rerb? 5%@%8%“&9@

m neral oil, wax i N- Ol énzéne, tol uene m Xt ur es
of liquid hydrocétéohesednéeal ther @P@Raé'&ﬁ@nasa‘ljhsblr?'?@ne@b °§eFB§éﬁé°3nd

di esel fuels. %1@&&6& S @gndNo. 4 218 272 discloses the use of

hi ghly refined mcro- ystal]ine waxes e
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The use of such rerined or purified carbonaceous nateri 3[ ?f gontl n ous
fuel phase of anPBaBPSioh E&%IWW%&%&Q?%@%%& cS’Irg‘ B‘e AYFEER
eSséntial. 30 mixtédeeoHaviggtwo thei prserd damewptlicwive watddidiitiooally,

~enmulsion expl osi yg, COPOFHLI %érsen%rnoc\ﬁ'oqx%% \A@glﬁ%bé‘par@?§o'&to'nqﬁ9‘ds as the

car bonaceous fuef* phase cofprises an unr y refined
petrol eum pr oduct—'arbh@a%@w@s p%‘#?bl %Ui‘ﬂ‘b‘f LRPaqeous IOGTSId o St 3t

35 (aysthe %le&%tlambe%amwayefb@éa\e@@ FuEri a0 sedton aFons
and Iess than SOZggép e, anltegm%tateSSPatent No. 4 231 821 discloses the
use of materials selected from mineral oil, waxes,
péraffin o0ils, benzene, toluene, xylenes and mixtures of
liquid hydrocarbons generally referred to as gasoline,

20 kerosene and diesel fuels. United States Patent No.
4 218 272 -discloses the use of highly refipned micro-

. crystalline waxes, for example, WITCO (Reg. TM) X145-4
and ARISTO (Reg. TM) 143. 1In United States Patent No.

_ 4 110 134, the use is proposed of INDRA (Reg. TM) 2119, 2
s 25 gubstantially refined blend of petrolatum, wax and oil
and ATREOL (Rég. TM), a white mineral oil. The use of

such refined or purified carbonaceous material as the

~/

continuous fuel phase of an emulsion explosive
composition has heretofdére been deemed essential.

30 . 'According to the present invention a water-in-oil'
emﬁlsion explosive composition is provided wherein
the continuous carbonaceous fuel phase comprises an
unrefined or partly refined petroleum -product, the
said petroleum product being characterised in that

35 (a) the component molecules have betweén'ZO and
80 carbon atoms and less than 50% of the said molecules
have a number of carbon atoms within the same five

carbon atom range, and,



‘have a nunber of carbon atons wthin the sane five carbon atog range, and,
-3- (b) wherein the said unrefined, or partly refined petrole pr oduct
conprises at least 10% by weight of flowable oil if the said petrol eum

- product is.inthe formof a petroleumwax or conprises at |east 10% by 5

wei ght of a distillation residue 3f~the said petroleumproduct is in the

formof a petroleumoil or tar.. Particularly, the water-in-oil enulsion
expl osive co ition of the |nve tion ef erably co I ses ntlnuou
ohoseof from 43 1BRARE Vi GRE. BF Lo Ao §RED. £6° GRIELY | 5o fAeod

pet r ol eupe prodecin aprhéueithabongrdefésed tcoheasni Ngd%r dm OwB1gh3% by wei ght
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swtablep use as the con I nous ase ‘emul si on epr05|ve
conposi ti ons Rartieulamkns i ditear é’a§leackna)?éé emwheier aleAmbosdivies, resi dual

fuel oi |§omP§EI3.a:|1ton bH@ketEhé" |1,mrté33&3§6inc(r§i¥@f@@£59§e% dp@iéegewmtars
crude petrol eum bitunens, at her. e ded, fuel oi
250 Peoagt RS REFEe nainE TPl Lt e EE £ Mo S3Rnp! et o
presddngorofpasel ¥l |mgslnédonpe‘pebB.eluwnpdoslucltl ates mewrlewhndbloveont ai ns at
| east lod/%g)invgaaggf?napg rjoql( d,,25%%{) OBE: vFé( gggma(;i;l gl, waxy/oils
I S nmeant Sém - sol ures rocar oi sof " petrol eum
waxes aﬁ@ub%#ﬁzﬂmznggeﬁtbeasﬂ1§9¢mﬁynueughphaﬁe eorRrigiagerframns of -\
- 10% to 25% by weight of water and from 65% to 85% by '
weight of water-soluble inorganic oxygen-supplying salts,
15 and a sufficient amount of a density lowering ingredient
to maintain the composition at a_density'between 0.9 and
l1.4g/cc. ' ' o )
Exemplary of the unrefined or partly reflned
petroleum products- suitable for use as the .continous fuel
20 phase of the emulsion explosive compoeitions.ef.the.'
invention are 'slackwaxes, commercial_wax/oils,'residual _
fuel oils, asphalt, bunker oil, topped crude petroleum, -
petroleum tafs, crude petroleum, bitumens, weathered '
crude petroleum and blended fuel oil.
25 By slackwax is meant the wax which results_from the &y)
"~ incomplete pressing of settlings from petroleum
distillates and which contains at least 10% by weight and
usually 10% to 25% of oil. _ , '
By commercial wax/oils is meant seml-solld mlxtures
k) 30 of hydrocarbon oil and soft petroleum waxes and.
containing at least 10% by weight and'usually_pver 25% of
oil. : _ . _ _ -
. By residual fuel oil ‘is meant topped crude petroleum
or viscous residuals obtained in refinery operations or
35 -combinations of these materialsuwith'distilled petroleum.
By asphalt,is'meant a black to dark-brown solid
or semi-solid cementitious material which liquefies
when heated, in which the predominant consfituente are



oil. By residual fuel oil is meant topped crude petrol eumor viscous
~residuals obtalned’in refinery operations. or 35 conbinations of these
neterials with distilled petroleum By asphalt is nmeant a black to

dar k-brown solid or sem -solid cenentitious material which |iquefies mhén

heated, .in which the preedom nant constituengs-are- -4- bitunens or
conbi pations of bitumens with petrol eum or petrol eum derivatives. By bunker
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r esi
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By bitumens is meant solid or semi-solid mixtures
consisting predominantly of hydrocarbons which occur
in nature or are obtained in petroleum refining
operations. ' '

' By weathered crude petroleum is ‘meant products
resulting from crude petroleum through loss due to
natural causes during storage and handling of an
appreciable quantity -of the more volatile components.

By crude petroleum is meant a naturally occurring'
mixture comprising predominantly  hydrocarbons together .

with some or all of sulfur, nitrogen or oxygen
derivatives of hydrocarbons which is capable of being
removed from the earth in a liquid state.

Petroleum wax is a product separated from petroleum

which is so0lid or semi-solid at 25°C and consists

- essentially of a mixture of saturated hydrocarbons.
Distillation residues are the bottoms or residuals

remaining after commercial distillation of petroleum

- whose dominant components have boiling points in excess

of 593°C at atmospheric pressure.

"It has been found, contrary to all expectations,
that the use of crude or unrefined petroleum products as
the continuous fuel phase in an emulsion explosive
composition has no deleterious effect on: the properties

"of the resultant explosive composition; that is, the
"strength, the detonation Veloqity; the stability and

eum wax 1 s a product separated

5 .



essentially of a mxture of saturated hydrocarbons. Distillgtion
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By employing unrefined petroleum fuels, an explosive
product of high viscosity having good cartridging
characteristics results without the need for fuel
blending. . | . _

A particular advantage of the present inventlon
lies in the property of explosive compositions contalp;ng
unrefined fuels to tenaciously retain void spaces such as
are provided by chemically generated or physically
entrained gas bubbles. This wunexpected property ‘is of
significant economic advantage since it eliminates the

need for the inéorporation_into the composition of

expensive void-containing material such as hollow glass
or resin microspheres.
"The discontinuous aqueous component or phase

for practical .cartridgi

tlal
refined

order to
I ng. By
hi gh

onlies in
fuels to

of the emulsified explosive will have a dissolved.

inorganic oxygen-supplying salt therein. Such an
oxidiser salt will generally_be-ammbnium'nitrats but a
portion of the ammonium nitrate can be replaced by one or

more other inorganic salts such as, for example, the

alkali or alkaline earth metal nitrates or perchlorates
Typlcal of emulsiflers suitable: for ‘use in the

compos1tlon are the monomeric emulsifiers such as

the saturated fatty acids and fatty acid salts, glycerol
stearates, esters of polyethylene ox1de, fatty amlnes and
esters, polyvinyl ‘alcohol,: sorbitan esters, phosphate



significant econom c advantage since it elimnates the need for the

i ncorporation into the conposition of 25 expensive void-contai ning

mit eri al such as hol |l ow gl ass or resin mcrospheres. The discontinuous
agueous conponent or phase of the enulsified explosive will have a-

di ssol ved i norgani c oxygen-supplying sal t-thetein. Such an 30  oxidiser
salt wll generally be ammoniumnitrate but a portion of the amoni um
nitrate can be replaced by one or nore other inorganjc salts such as, for
exanpl e, the al k&Siteds al IRALFREREF ERCeBAV ORIl r §5IL T Ferlthl opRPRatic
Typi cal of emul sgliighensyi tadids f oamigesi,n thicetHanolearipesi bleatay e amiee
mononeric enul sifiers _such,as,the saturated fatt Ci d '
salts, glycerol §F§§F5?és,1%§?%?§?%ﬂe?ﬂﬂ3ﬁﬁ§%ﬁ%§%§§§xigéfﬁpat%ésg%iﬁégggﬁa
esters, . pol yvi n}lineal coltbl persazphbinan ostang, thehpophhaesic emilsidhiars
pol yet hyl enes gl L Lr o4l O, [ ulgiﬁyg agh ' ,
~triethanol am ne %ﬁggPeﬁﬁéﬁiEg éﬁgbﬁkg@ ?ﬁ%dgg%lines, §hnggg§?§?ga:ﬁ§$¥z&
chain oxazo- |i RESPXAELARePEAPEARSPOLYRADS 2% FHTIRRGY Rl pdos
whi ch may be enpkeyedymeest halabk s tabdtehyl€nen osindeéi ptepywhnehodisdethe
copol ynmers and hydrophabe/ hydr aphi |, b] po S o,.Sujytablg i
emul-sifier mhich¥F§8?ﬁ§Rrgg§9P%% 6F%d%§ﬁ§§%9'I%%gf%ldéﬁ%§aaggﬁér é?ié&mﬂ$n
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chosen will be tRBauyerereBrChrHiges @15l NBel thedeshd i RUSLY ifankh&ons most
envi ronnent of the eqylﬁion eiﬁlosiv% being formul ated. Additionall t he
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enul si on expl osi $&ERFC the AHVentith Srit’a? AT S8t i 8 mthgd&qq%ﬁépn
fdel, 15 sensitexplosivei beéngi figrodiated; such as, for exanple, hollow

gl ass or resin m crospRef€e; oRALNI FYl afRel | GBL1BRI . ) HogQW & RifNJthe
mat eri al such as styrofgam beads . . L. '
. invention may .contain optionmal additional fuel,
15 sensitizer or filler ingredients, such as, for example,
hollow glass or resin microspheres, particulate 1light
‘metal, void-containing material such as-styrbfoam beads
or vermiculite, .particulate carbonaceous material, for
example, gilsqQnite or coal, vegetable matter such as
20 ground nut hulls or grainhulls, sulfur and the like.
Air or gas bubbles, for density modification and
sensitization purposes, may be injected or mixed into
L ' the emulsion composition or may be generated in situ from
o _ a gas generating material such as a peroxide or sodium
s 25 npitrite. | |
‘The emulsion explosives of the present invention
are, preferably, made by preparing a first premix of
- water and inorganic oxidizer salt and a second premix of
crude fuel and emulsifying agent. The aqueous premix is
30 ‘heated to ensure dissolution of the salts and the fuel
premix is heated to provide liquidity. - The premixes are
blended together and emulsified EJ1 a mechanical blade’
 -mixer, rotating drum mixer or by passage through an
in-line static mixer. Thereafter, the density lowering
- 35 . material, for example, hollow glass microspheres, are
added along with any auxiliary fuel and the final product'
packaged into suitabie cartridges or containers.

0



or vermculite, particulate carbonaceous material, for exaonb,'gilsﬁhite
or coal, vegetable matter such as 20 ground nut hulls. or grainhulls,

sul fur and the like. Air or gas bubbles, for density nodificatiaon and
sensitization purposes, may be injected or mxed into the enulsion. =
conposition or- may be generated i7r situ froma gas generating material such
as a peroxide or sodium25 nitrite. The enul sion expl osives of the present
“invention are, preferably, made by preparing a first prem x of water and z
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bl ended ‘%g%?ﬁéfggﬁ%ﬁeﬁglgﬁ?%ggEFHQa%%gﬁhaﬁﬁ%gg'E?%ﬁgzgfxggfgkéﬁating_ drum
m xer orcharpassaat tambigmtartemperadusesd.i ¢ Mxer compprei biPnér, the
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enul si o fteat Obéimg caupgettednsoofld heempersenird nvpaléodnofr e198asi tive to
initiati blast.i L s ' r. (2. g anmbi ent
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-and show@ho3%iGns of denulsification, retaining cap sensitivity in nost
casgg after be&orsuhiowatss E;@aésue%m%_r@twmégcg%mde 14 foke 35 C or
after being stored pver, a .mo-g§$tQEPerlod %5_35 <10 lhe foll ow ng
Exanpl e<S WRE obfH WRdes; g o & RO RTIER UnBE LSt ARG nGXBRPLRE present
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wWith the i dveRledtion! N e EXA LAl bsPHLENpRISS A dges are |

expressed as percentages by weighﬁ.
15 | Examples 1-16
A water-in-oil emulsion explosive composition

was prepared according to the following formula:

Ammonium nitrate 61.5%
 Sodium nitrate = 14.9%
20 Calcium nitrate 4.6%
o Water = 13.0% -
Emulsifier 1.7% ' . .
' Fuel - . 4.3% - .
The emulsifier consisted of a blend of 0.3% of _ _
.25 a 'polymeric emulsifier, 0.7% of sorbitan sesquioleate - ¥,)

and 0.7% of soya lecithin. A variety of refined and
crude fuels were employed in separate batches and the
resultant cdmpositions'were packaged in 2.54 cm diameter
plastic tubular cohtainers. " The cartridges were tested
30 for minimum primer detomation and velocity of detonation
‘as made and after two months storage at 35°C and;after
10 témperature cycles of +3590 and -17°C. The variocus
fuels employéd are shown in Table I below and the
comparative performance results are shown in Table II.
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Exanples 1-16 A §~

expressed as percentages by weight. 15 “me e e _

wat er-in-oil enul sion explosive conposition was prepared according to the
féllowing fornmula: Ammoniumnitrate ~  61.5% Sodiumnitrate 14. 9% .
20 T Calciumnpitrate _ 4. 6% Wat er - 13..0%:
Enul si fier "~ 1: 7% Fuel - 8 «  4.3%The enulsifier '

consi.sted of a blend of 0.3%of 25 a polyneric emulsifier, 0.7% of

sor bitan sesqui ol eate and 0. 7% of soya lecithin. A variety of refi-ned and
crude fuels were enployed in separate bat #ABEEaAd the resultant _ .
conpositions were packaged in 2.54 cmdi aneter plastic tubular containers.
The cartridges mere.tﬁﬁt d 30 for minimmpcinmer detonation d velocity
of detonation as nade-éﬁQLafter t Wo nnn?ggﬁgiéﬁﬁge at'35[err]2ﬁ§ﬂﬂ£b&ii&510
tenperature cycl EAZ CH f45_35 CFanq -17[err] C The various fuels enployed are
shown in Table I"eké%#é§§L+#§L€%nparative performance results are shown:in

Table I1. - 8- PrARIfL ex F(d-22 Gulf OiZufphada Paraffin Oil
Description A Reldfieddwlrs ffanal | ex* 1Hte28ational QU f Qhbr{Rd@dSarassin
Paraffin O lgRefi nggxPargdd i n | nygkBat Legal - weti ned paraffin
5 Wax 1230 Waxes Ltd. _ X Fl ex X* )

@ yco Cheni cal Flexoﬁ%ﬁﬁ Sed nicro- cP&gFSIFFﬁglﬁgi NUIti@%gi%ﬁ- micro-

d yco Cheni cal Refined micro- crystalline wax B. CrYes }ipe wax
Sl ackwax 428 MultiwagntddSnati onal Glyco Chedigalnel t- pReéfitned micro-

crystalline wax
. ' B. Crude Fuels

\./ . '
- Slackwax 428 International - Medium melt-point
10 Waxes Ltd. paraffin slackwax
Slackwax 430 International Crude micro-
: : Waxes Ltd. . crystalline wax
Slackwax 431 International Paraffin slackwax
Waxes Ltd. :
15 Petrofibe* 206 International Low pour-point
, Waxes Ltd. wax oil
Petrofibe* 225 International - " Mixture of soft
Waxes Ltd. waxes and oils .
- Bunker 0il 6C o - Gulf Oil Canada Heavy residual oil
: 20 Asphalt 85-100 : Gulf Oil Canada Petroleum residue. -
*Reg. TM. -
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.- Slackwax 430

Waxes Ltd.

| nt ernati ona

crystalline wax Sl ackwax 431

| nt ernati ona

.- slackwax Waxes Ltd.
pour - poi nt Waxes Ltd.

wax oi l
M xture of soft Waxes Ltd.

Pet r of i be*

paraffinvgaadeax,

Crude m cro-
. Internationa
Petrofi pex 206

Par af f i

“I'nternati ona

225

es Ltd

in
- Low.

-waxes and oil.s"

Bunker Q| 6C Qlf Q da Heavy residual oil 20 vt
LEAR y . 3
Asphal t 85-100 cul f é%é—égnada Petrol eum resi due. *Reg. T™M
-9- TABLE Il Exanple No. Fuel Voi ds Density
Type _ (g.cc) 1 . 0. 9% Mul ti wax gas o
1. 19 3. 89 Frexowax 2 ST ackwax gas - 1.13
~1.06 3 1.10% Par af | ex as 1.14 3.3% Haraffin
1230 4 le Naljackwax 4B@el as Voids: 1. 1Regsity -
Sl ackwak 43f ms, 1.13 6 Type 2. 79 ®acald | ex
ms. - 1.15 1. 5@6Paraff|n 1230 71 Slackwax -431
pl astic 1.113 spheres 8 o | Slackwax 431 perjite
1.16 9 Buinker 'NS. gas 1.1311899
Bunker pil t %C%i gﬁiﬁ::ii 1[32 71 Asphal t
m s. ' 1.1p
2 Slackwax gas 1.13
' : _ - 1.06
3 1.0% Paraflex gas 1.14
3.3% Paraffin
1230
4 Slackwax 430 gas 1.12
5 Slackwax 431 .m.s. 1.13
5 2.7% Paraflex m.s. 1.15
1.5% Paraffin ' -
1230
7 Slackwax 431 plastic S 1.13
' L - spheres :
8 Slackwax 431 perlite _1.16'
9  Bunker Oil m.s. 1.13
10 Bunker 0il gas 1.32
11 Asphalt m.s. 1.11
12 Asphalt. gas 1.27
13 Petrofibe 206 gas 1.25
14 Petrofibe 206 m.S. 1.13
15 Petrofibe 225 gas 1.17
16 " petrofibe 225 m.s. 1.14
m.s. = micronspheres (glass) " ...contd.

o



12° .- Asphalt. gas 1.27 13 : o'lo
Pet r of i'be 206 gas . 1.25 14 Pet rof i be 206 '

mts. - 1.13 15 Petrofi be 225 gas
1.17 16 - Pet rof i be. 225 : m s. 1.14 ms. =
m cr ospheres (gl ass) . - 10 -.contd. - - 10 - - TABLE I1
(cont.) Properties as nade Properties after storage Exanple
M ni men V. O D mp. ( ) mp, (V.OD.) No. priner
(knt sec) 10 cycl es 2 £ Il(c°‘QFe-'$] 3.4
R-10 .(2.9) (8 cycles) 2 R-6 4.4 _
-7 (4.0) R7 4.3 ' R-7 (4.1 R5 (4.0) .3
.. R 10 279 : — — R4 R~
3.7 , R-7 (3.9 - R-8 3.6) - S R-7 4.
R-8 (4.4) RPYOPersisy s madey Pr@gperties after stoFageB. | -
7 R-8 - 15.4 R E.B.|(5.0) E.B. (5.0) . 8 R7 -
2.9 : (2.6) E_B 2. 5) .90 R-6 4 2
E.B. (3.9 10 R- 3.6 R-9
(3.9)) v.8.B. m.p. (V.0.D.) | m.pg (§.0.D.)
(2.3) R 11 wR82 4.%‘0 m.PE B-9-5
(3.8) RI R-6 ‘km/sec) 5 3f cycles p g2 mp3*oPS
R-9 (2.6) 3.0 R11 (2.4) S E. B
14 R-6 ——R—45(-4—33 = ~B- 15
- R-7 - ' R-11 (2.3 F- E.B. 16 R-7
4. 4. 4.1%.4 R- 10 (4._1)_jij51p§sz Ignated R-n-
coatain 0.1 g initiating cpnposition and -(jn-3) x(g).‘%ﬁzg; IN 13 ) n ) 4or
(n-13) x 0.1 +0.% g. PEIN 16 > n >14 base charge. E B. 1ndijcates electrif
bl asting caps gonfaraéng . P8 gqigitiating conposition and .18 g.PEI Ny b)
indicates ajfailufer+®d detpnatg.3A | properties gere (4.1) R-5 (4.0)
3 | R-10 - 2.9 - F " E.B.
4 | r-7 3.7 R-7 (3.9) | R-8 (3.6)
- 5 | R=7 . 4.5 _ R-8 (4.4) R-9 (4.3)
6 R-9 4.6 ' F E.B. - -
‘ 7 | R-8 5.4 E.B. (5.0) E.B. (5.0)
. 8 | R-7 2.9 | E.B. (2.6) | E.B. (2.5)
o 9 | R-6 4.2 E.B. (3.9) | R-10 (4.1)
10 | R-9 3.6 R-9 (2.3) R-9 (2.4)
S 11 R-6 4.2 . E.B. (3.8) R-15 (3.8)
1 12 | r-6 3.3, CR-9 (3.0) | ®R-9 (2.6)
13_ R-8 3.0 . R-11 (2.4) F E.B.
14 R-6 4.3 R-15 (4.3_) | F  E.B.
1 _ o : 5 cycles
15 | R=7 3.4 R-11 (2.3) F  E.B.
16 R-7 4.4 , R-9 (4.1) R~10 (4.1)

*Caps designated R-n contain 0.1 g initiating composition and (n~3) x 0.0S g
PEIN 13 2>n >4 or (n-13) x 0.1 + 0.5 g. PEIN 16 >n > 14 base charge.
- E.B. indicates electric blasting caps containing .08 g initiating composition
~and .78 g PEIN. F indicates a failure to detonate. All properties were
measured at 5°C. _ :



measured at SIC. - 11 - An exam nation of the results shown in Table II
‘denmonstrate that the use of crude or unrefined fuels as tklﬁ conti nuous
phase in an emul sion expl osive provide conpositions whi cid ave no |less
utility than those using 5 nore refined or pure fuels. A gassed

sl ackwax formul ation, for exanple (Ex. 2), has an initial V.Q D. equival ent
to that of a refined wax/glass~ nilcr-osphere formul ati on (Ex. 6) and hi gher
than that of gassed refined wax forrrul ations. (Ex.1 and 3) The storag

10 roperties of slackwax for e ass or W.th_m c¢r.os heres

( Ex. Io5) Ioare s%'belel"@f“trba?’e‘?f’ng?\/\% Pia"tér oﬁ@f’éx ing '5?13 8) II P
Conposi tiemsnkaratieaat tdaw tthherusle bdelcs'un;e ngre mal resih @ di cﬂae(llix 5 7 and .
8) or U“EECE erK‘E&ﬁﬁo(@Xpné}; MBI LR SY 'etﬂ&\'ieo iYe lb%ft"?:to +35 c

nont hs at tenperature cycles
Conposi t¢%‘ﬁ§°$\h¥k¢fl%\r§héﬁb hagRspe; vessputidity) thas Héwrﬁfdélst}éligng a

vari gty mb rer ude et &al esm pgsaehect gualds can he igérg#hcat e 4¢ kb asd t her
gassli ng en. or v con Vv :
detonatlg%gg‘fi%'f‘h?i%’ 88? ﬁ’%ngll 38: cg?b)ﬁ’sﬁ?‘%n%nvéﬁ 3%2% ciﬁ)e type of
voi d, frequival¢mk. t8) tba.m @t (Ex.refined waz/glasss nm,crosphetre

wat er - i ng QihuHt 1Y PN (24P 08DV & £ THAYHd 0Nt BAEP' {34 RY Fr CRALISAOUS
car bonaceoys fuel phase and a di scontinuous aqueous oxi di sér salt solution

phase, 5""—‘?hée§al"da§oﬁtqrrﬂ]b]tﬁth%¥‘§on(a%’%obsain&'el bhas&R_nBEPERES an
unr eflo neplropePtiés yorekilnetdwpat riddreiubaw,0dsed heEsai 2) or with .

microspheres (Ex. 5) are superior to refined wax . RJ
formulations (Ex. 3 and 6). Compositions formulated with
crude fuels using enclosed voids (Ex. 5,7 and 8) or
unenclosed voids (Ex. 2), remain cap-sensitive for up to
15 two months at +35°C or through 10 temperature cycles of
| from -17°C to +35°C.- Compositions which are cap-
sensitive (Ex. 9-16) can be made using a var1ety of
'crude'petroieum products_and can be formulated with
 either gassing agents or void-containing materia11'
20 The velocity of detonation of crude fuel—contaihiﬁg
'compositions varies with the type of void, from low . - s
(Ex. 8) to high (Ex. 7). . -



pétroleun1proddct bei ng characterised in that, (a) the conponent nol ecules Jﬁ
have bet ween 20 and 80 car,bon atons and | ess than 50%
mol ecul-es have a nunber of carbon atonms within the sanme Lﬂﬁﬁycarbon atom

range, and (b) wherein the said unrefined or partly refi m rﬂ m,”m
product conprises at |east 10% by wei ght &8 fl owabl e oi

petrol eum product is in the form15 of a petroleumwax or conprises *at*
Ieastk;0@6by wei ght .of a distillation residue if the said petrol eum product
isin the forn1o%ﬂ&%¥§roleun1oil or tar. 2. A conposition as clained
in Caim1l whereiln the sd dwaterfinedidr guuls jonekixpdd it ¢ ot enpopicodiat

is 20 selected fdsaipriRang o4p c%&&ln%tdueg OdrSo ALk GQBHEr i Ade WAXHOI] S,
resi dual fuel oil,, asphalt, bunker oil $g§d crude petroleum petrol eum
ﬁﬁﬁé pe?

tars, crude petr & DhAaPAES (1 EgES eSRT FehbefrlitiQp| phase,
bi tumens and i xtubeesadfd chesdnudds darbonacedusofnesi phose asomppd Stk idn

G aiml wherein 'Ji!xl‘i- %‘i‘n‘ldcat{xboﬁéﬁgf’ysrwgheﬁ n%%%r%‘i@%' %%d'ﬁ%tt ° O%éjé’m

wei ght of the total ¢conposi claiméd i
“cont ai ni ng an amP@HT odfeudie ScdyCitoReiprEgCchAgactiPehsed olpriatie a 30

conposition density of fram PnQ tbdpsnPPEEmBAle CWPES Q%‘&e”%teﬁtrweén 20
A conposition as cl$.g%d in Claim4 mherel he sajid de
e

s
ingredient is seladt f CAT R8P & PAPEi AR %t LoFS dtRam dénﬁ mﬁ%ﬁlgﬁld
chem cal ly 330 gerisraikesganweribhl esumbad ent r anrddmi atbmeblwestipin the

-~ mxtures of thes 0 ition as clained in any one
o{JFIalns lto S%ame 5§§3e0%238F|%F88 ﬁﬁééﬁﬁrgﬁ ylng agent sel ected

(b) wherein the said unrefined or partly refined
- petroleum product comprises at least 10% by weight of
flowable 0il if the said petroleum product is in the form

15 of a petroleum wax or comprises at least 10% by weight of

a distillation residue if the said petroleum product is
in the form of a petroleum oil or tar.

2, A composition as claimed in Claim 1 wherein
the said unrefined or partly refined petroleum product is

20 selected from the group consisting of slackwax, commercial

wax/eils, residual fuel oil, asphalt, bunker oil, topped
crude petroleum,-petroleum tars, crude petroleum,

. : 'weathered crude petroieum, blended fuel o0il, bitumens and
mixtures of these. '

N 25 3. A composition as claimed in Claim 1 wherein
the said carbonaceous fuel phase comprlses up to 10% by
weight of the total compos1tlon.

4, A composition as claimed in Claim 1 containing an

amount of density iowering ingredient to provide a
30 composition denmsity of from 0.9 to l 4 grams per cublc

‘centimeter. _

5. A composition as claimed in Claim 4 wherein

the said density lqwering ingredient is selected from

solid particulate void—containing material, chemically
35 generated gas bubbles, and entrained air bubbles or

mixtures of these. ;



from-the-gtoup consisting of the nononeric enulsifiers conprising the

saturated fatty acids and fatty acid 5 salts, glycerol stggrates,
of pol “llm ﬂ M fatty am nes and esters, polyvinyl cohol ,
€sters , m m’m ﬁ" pol yet hyl ene glycol esters, alkyl-ar orrat i C

sul phoni'c ‘aci'ds," ari dés, tri et hanol;gm_ne ol eate, am ne- acet ate,

i m dazol i nes,

unsaturated fatty 10 chai n oxazol i nes, and nmer capt ans,
pol ymeric emul sifiers conprising the al kyds,

esters

ethylene oxi de/ propyl ene 0%

sorbltan i

e

copol ynergs, and h)@@dﬁﬂ?@@@&'ﬂ%@m&'cbb.@ﬁlédcoir)@'&ﬂ?r %ne”bef repgimen product -

of glycerol a

A conposik i a§9§tﬁqﬁ§?|Q?%¥ﬁ¢S&H§ &f épg}ﬁélePg %geﬁé|ﬁ§?$8 ﬁgereln the

m xt ures .or,

sai d oxi diroar shét gromupr | eess bstiorg untnitreatmonehémid emudbkdiene earth
metal ni tcroanﬁ;? ?queffgl a.%tlﬁsa.tpéd mf)éttl‘l:ryes gdtsheasr?ﬁl afa%&:y a.c:.é‘

vvater-ln

on expl osive conposlition

1to 5|lﬂﬂhkﬁﬂugkXﬂﬁﬁQ¥ﬂ$ﬁFaK%ﬁe%;c%%??h%oﬁg PRA¥ELRBHPRESPRYIBrOom 1% t O
10% by V\Bﬂag@é%oamtﬂhfééaaﬁlduerseﬂ‘éwﬂ 9619&ritdyy1 r£itBrd 1petgot e pr oduct and

fromO.5%to

% of a

enul sif Y
di scont i rﬁﬁn"tfsrsphag’@%fp &m Tﬁg’}efﬁ’ 2588 g\%’?g?ﬂe ofg%\ﬁact"é‘r Sﬁaeg?(bm 65% t 0
85% by wedlghtl-cir omatteire ssulipheniqongdniss caxmtdess daliethandlapépe an anmpunt

of dens't&'leﬂ’@“Qﬂlh@grﬁ%@ﬂef01ﬁ§|ah§$?c1§e§0”ﬂ9§ééﬂtﬂrhpé‘d‘sE5.¥t9f from 0.9

to 1.4 grans per_cubi c centl neter. A water-1n-oil _emulsion

expl o9 v&%?po%i‘%?%ig%st &6, dﬁ‘?‘ipaa%t%'crpﬁeﬁmﬁét"él S SR ELEF&r ence to
any one Qfompeaigims 2bé, Sadk@dE, t cetbyl emé ussadaie/propylene oxide

15

20

25

copolymers and,hydrophobe/hYdrophil block copolymers, the
reaction product of glycerol and a dimer acid, and

. mixtures or blends of these.

7. A composition as clalmed in any one of Claims 1
to 6 inclusive wherein the sald oxidlser salt comprises
ammonium nitrate, alkali or alkaline earth metal nitrates
and perchlorates or mlxtures of these.

8. ' A water-in-oil emu131on explos1ve compos1t10n

as claimed in one of Claims l to 7 1nclusive comprising,
(a) a continuous phase comprising from 1% to

10% by weight of_the said unrefined or partly refined
petroleum prodﬁct and from 0.5% to 3% by weight of
an emulsifying agent, ' -

(b) a discontinuous phase of from 10% to 25%

by weight of water and from 65% to 85% by weight of

30

water-sqluble inorganic oxidiser salt, and,
~(e¢) an amount of_deesity lowering ingredient to

achieée a composition density'of from 0.9 to 1.4 grams

per ‘cubic centimeter.

9. A water- -in-0il emulsion explos1ve comp051tlon

substantlally as described hereln with reference to
any one of Examples 2,4,5 and 7 to 16 inclusive.

I n one of Clalns-

W



