WATER- | N- WAX EMULSI ON BLASTI NG ACENT The present I nvention rel ates

to wat er-i n-fuel enul sion expl osi ve conpositions which

consi st of a continuous car bonaceous feuel phase tl which 5
S external, and a discontinuous aqueous oxidizing salt solution
phase which is internal. In particular, tne invention rel ates to

such emul sion expl osi ve conpositions‘ggptaining paraffin wax as the

car bonaceous fuel phase which is advantageous over simlar types of 10
fuels disclosed in the prior art. Water-in-oil and water-in-wax enul sion
expl osi ves are now well known in the explosives art and have peeR 94 4
denonstrat ed to be safe, ~ economc and sjinple 6“ﬁﬁﬁﬁﬁétture
and to yield excellent blasting 15 results. Bluhm in United States Patent
No. 3,447,978, diwATERLINaAWAKNEMYLSIONBISTINGOAFERTLI on conprising an
aqueous di scont1 nuous phase contal ni ng dr ssol ved oxygen-supplyi ng
salts, a carbonaceous fuel continuous phase, an occluded gas and an €
emulsifier.  Since Bluhm 20. further disclosures have descri bed

i mprovenents and variations in water-in-oil explosive conpositions. These
include United States Patent No. 3,674,578, Catternole et al.; United
States Patent No. 3,770,522, Tomic; United State: Patent No. 3,715, 247,
Wade; United 25 States Patent No. 3,765,964, Wade; United States Patent No.

. 110, 134, - United.S P Ng. 4,149, 916, Wade; _ United St
Patent No. 4T ?8?9%%&5; “L6%eR31%Y o B81ALERN NO 4 14179 gi"‘%&d\%@%ﬁgs&ﬂ

Jessup; CanadiemuiBsiemt axplo9bee 173 ommisibtionsd weiah o rtseics Bt atoefs
-2- Patent No.g 4eddiidddusC aY: carbBnbedodisit €5 HRANt Nophage which
5 1is external, and a discontinuous aquedus oxidizing
salt solution phase which is internal. In particular,
the invention relates to such emulsion explosive
compositions containing paraffin .wax as the carbonaceous
fuel phase whicu is advantageous over similar types of
10 fuels disclosed in the prior art. ' '
Water-in-o0il and water-in-wax emulsion explosives
are now well known in the explosives art and have
' been demonstrated to be safe, economic and
simple to manufacture and to yield excellent blasting
15 results. Bluhm, in United States Patent No. 3,447,978,
discloses an emulsion explosive composition comprising an
aqueous discontinuous phase containing dissolved
- oxygen-supplying salts, a carbonaceous fuel continuous
phase, an occluded gas and an emulsifier. Since Bluhm,
20. further disclosures have described improvements and
variations in water-in-0il explosive compositions.
These include United States Patent No. 3,674,578,
Cattermole et al.; United States Patent No. 3,770,522,
Tomic; United State: Patent No. 3,715,247, Wade; United
25 JStates 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 No0.1,096,173, Binet and Seto; United States
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4,104,092, Ml ay; United States Patent No. 4,231,821, Sudweeks &

Lawr ence; United States Patent No.. 4,218, 272, Brocklngton United States
Patent No. 4,138,281, 5 Adeny & wade United States Patent No.
4,216, 040, Sudweeks & Jessup; and Uni ted St at-es Pat ent No.
4,287,010, Ownen: In Canadi an Patent No.~2t, 106, 835, Bent et al and in
Unlted States Patent Nos. 4,259,977, Brocklngton - and 4,273,147,
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conpositions tepd to separate to forma |layere
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m xtures- of |iggédthwdrogpr Rags Qﬁnﬁﬁi‘%é& g&f‘% ﬁg%%f’eﬁg g@%o' '4“3%553‘% ene

and di esel .fuel United States Patent di §'¢1°0s%es the
use of highly rgFPﬁEHnﬁFEPo cr 98fal | $ne7 k4%, f PLle8®Bnpl e meATS (RegreTM)
X145- A andi ARl ST0s¢ Reged TMorl46he . prepklithattadnStaiespl Leémeht Nt bmuh it

the use is prop N R TM 2119, a substantially refined blend
of spétrol atum %ggf'og% é ‘E)RABg ggﬁanﬁTREO_ (Reg. TM, a white mneral oil.

The use of such refinedldr ofurtbfe exf arenemtiemed emtdsiah asth%xpﬂuéﬂv&MS
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essenti al . When car bonaceous Sé co | Ses’a
is flowabl e at $FtRPRGHtYHE 2BBEOECHAB] éhf §g§§erq.:ur@gmls1fier, the mixed

15 phases of the compositions tend to separate to form a
' layered mixture which has no utility as an explosive.
Additionally, all of the aforementioned compositions
‘contain as the carbonaceous fuel, a fluidizable carbonaceous
‘ingredient in a substantially refined or purified state.
20 - For example, United States Patent No. 4,231,821 discloses
the use of materials selected from mineral oil, waxes,
peraffin oils, benzene, toluene, =xylenes and mixtures
o of liquid hydrocarbons generally referred to as gasoline,
S : kerosene and diesel fuels. - United States Patent
25 No. 4,218,272 discloses the use of highly refined
micro-crystalline waxes, for example, WITCO (Reg. TM)
X145-A and ARISTO (Reg. TM) 143. In United States Patent
. No. 4,110,134, the use is proposed of INDRA (Reg. TM)
2119, a substantially refined blend of petrolatum, wax and
30 o0il and ATREOL (keg. TM), a white mineral oil. The use of
o such refined or purified carbonaceous material as the
" continuous fuel phase <f an emulsion exblosive'composition
has heretofore been deemed essential.
' When the carbonaceous fuel phase comprises a 11qu1d
35 which is flowable at or slightly above ambient tempertures,
for example, mineral oil, paraffin oil, diesel fuel oil



for exanple, mneral oil, paraffin oil., diesel fuel oil 3 - and t he

li ke, t he resul tant emul sion explosives are generalﬂg of. a viscous.
liquid nature and are not normally suitable for packagi ng using 3
conventi onal explosives packagi ng or‘é%rtridging appar at us. They may 5

also be too |i use for, the bul k-1 oading nlined borehol es

since the compd ‘gl ![clg ns P{lé?'ntj to ggsape fﬁfBllFiagéfurengﬁsf‘ﬂ@ bdPHAS stk
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el evated proceéss tenperatures and hence cause 15 (grea
bl endi ng, pwadiined SQG?&@#@?eﬁ&h@@héhemanﬂnn§1#1¢@§openatmomascape
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conposition has a density of g conpri ses
di scont i nuou® fos% cfflz%lf°s%1¥¥s§®llaa@e8&§ 8l &@.eoﬁamwcem%rﬁH@ fmersend a

continuous CyRAN@EeeUSahULdmPNS$6aCWP! hightd ais'@i@{tﬁm%‘ﬁrltti)élé for

comrer ci grmj raf fip wax havin nmelt  poi nt mperature of fromb50 .to
54 C andibol pﬁﬁ’?ﬁrﬁ EP ta rﬁ@ol%@?"ﬁdd’“ﬂ P s'f%ﬁl’“l"l ZeteRofATht i dhe

conpri si ng amz&oet-mdamelmetaimes Raleee @z ef £&vafrtierg defbba@msand :
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wax, togethecowtimiopr mimrotsyofabhline waxes remain very viscous -
: -even at elevated. prbqéss_ temperatures  and heace cause
15 great difficulties in blending, pumping, packaging and
other manufacturing operations. ' - _
According to the.preeent'invention,.a water~in-o0il
emulsion eXploSiée composition has a demsity of 0.9 to
1.4 g/ec.c. and comprises a discontinuous oxidizer salt
20 agueous solution phase, an emulsifier and a continuous
cafbonaceous fuel phase compriSing a major amount 6f a -
commercial grade paraffin wax having a melt point
temperature of from 50 to 54°C and a minor- ‘amount of -
a rheology modifier stabilizer cpmbination comprising an e
25 - ethyleme-containing polymer as hereinafter defined, and an s
acyclic chain hydrocafbon liquid, having a carbon atom )
chain length up to C35. '
] It has ‘been found that readily available and
_ inexpensive paraffin wax, together with minor amounts of a
30 rheology modifier and stabilizer combination comprising an
' ethylene-contaiﬁing polyﬁer and a hydrocarbon liquid, may
be used to repléce the previously employed highly refined
microcrystalline waxes in emulsion explosive compositions.
_ Unlike the microcrystalline waxes, paraffin wax melts sharplv
35 at relatively low process temperature to form a low V1sc031uy'
liquid which 1s readlly emulsified with an aqueous salt
"solution. The resultant emulsion explosive mixture is
conveniently pumped and packaged; and upon
cooling, forms a pasty or putty- 11ke semi-solid
.of desired cartridged characteristics. - In



30 rheol ogy nodifier and stabilizer conbination conprising an
et hyl ene-cont ai ni ng pol yner and a hydrocarbon |iquid, nmay be used to
r.epl ace the previously enployed highly refined microcrystalline waxes in -
emul si on expl osive conpositions. Unlike the mcrocrystalline waxes,
paraffin wax nmelts sharply. 35 ‘"at relatively | ow process tenperature to
forma low viscosity liquid which is reaglicly emulsified with an aqueous
sal't sol ution. The resultant enul sion expl osive mixture is conveniently
punped and packaged; and upon cooling, forns a pasty or putty-like
sem -sol id of adddsiipad tieer twa Wyedi nedr aff éni sakcemulsion exbh051ve4of
addition,  the € read f h i o] e | ventlon
di spl ays Iongc‘Pg n{%{trgt!)l?q"ﬁ BQF\(@?{WI\% gr: @éﬁ!n %Itdagbﬁee& nlgﬁ%ﬁ?f)n
sensitivity. with a hlgi’hegl%?%ﬁ’f o imkkiat bompl m@xtlarsty the The
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ab

the present invention conprises any comercially avail pr oduc
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et hyl ene/ vi ny t erein_ t content of vinyl acetate does
‘not 15 excee%lhgggcaéeer ‘;?#Eﬁg &ht ‘Slﬁ ngP%bP%éreg"%%#aBF@ f@’? Ege in
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1000 and 3000 and. %L Eg'gchaglé soluble in goltenegarafgln wgéttgf t he
extent that the cloud®foPt¥of &~8 PEBERLPENPELYRRE FOPPFEFLRE P
the rheology modifier stabllizer combination 1s preferably
. any ethylene homopolymer or any ethylene/vinyl acetate
copolymer whereian the coatent of vinyl acetate.does not
15 exceed 36%. The ethylene-containing polymers suitable
for use'in:the present inVention are characterised by a
molecular weight of between 1000 and 3000 and are
appreczably soluble in molten paraffin wax to the extent
‘that the cloud point of a an'solutxon of the polymer in
20 paraffin wax is greater than the temperature of formation,
of the emulsion. By "cloud p01nt" is meant the
temperature at which thae polymer starts to preczpitate
. from solution in molten para:fin wax when cooled under
standard conditions.
25 _ The bydrocarhon 11qu1d comprisinv part of the rbeQIOﬂv
| modifier stabilizer combination is preferably any paraffinic

. or refined saturated hydrocarbon (alkane) solvent havxng
carbon atom chain lengths up to C35. Preferred are those of
chain. lengths C8-Cl6. Particularly suitable are members

30 of the series selected from the group of octane, dodecane
and hexadecane
' The emu131on explasive composition of the inyention
preferably comprises: (a) a continuous phase of from 1-10%
' by weight of commercial grade paraffin wax, from 0 5+3% by
35 weight of an emulsifier agent, 0.3-2.5% by weight of a
rheology modifier :



20 paraffin wax is greater than the tenperature of formati
emul si on. By "cloud point" is neant the tenperature at

starts to precipitate fromsolution in nolten paraffin wax when cool ed

under standard conditions. 25 : The hydrocarbon |iqu
part of the rheology nodifier stabilizer conbination is pre
paraffinic or refined saturated hydrocarbon (al kane) sol ven
atomchain lengths up to C35. Preferred are those of chain
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Mhdde have a

gn oxi di_zer salt
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nitrate capxpgencpuppdd o Osgler tA¥Mein. ~ Such an oxidizer salt
will generally be ammonlum nltrate but up to 50” by welght

of the ammonlum nztrate can be replaced by one or more

other luorgauxc salts, such as, for example,_the alka11 or

15. alkaline earth metal nltrates or perchlorates.

Typlcal_of ‘emulsifiers suitable for use

in the

composition are the monomeric emulsifiers, such as, the

- saturated fatty acids'and fatty acid salts,f

glycerol

stearates,- esters of polyethylene oxide, _fatty amines-

20 and esters, polyv1nyl alcohol sorbitan esters,

phosphate.

esters, polyethylene glycol esters,' _alkylaromatic

sulphonic acids,_ amides, triethanolamine oleate, amine

acetate, Lmidazollnes, unsaturated fatty chain oxazollnes

and mercaptans. Among the polymerlc emuls1f1

ers which

' 25. may be employec“are the alkyds, ethylene oxlde/propylene

oxide copolymers_ and 'hydrophobe/hydrophil block

'copolymers. Also suitable is an emulsifier which is the

. reaction product of glycerol and a dimer acid. In some
. cases, mxxtures or blends of emu151f1ers are used. The
30 'emuls;fler chosen will be ‘the one which’ functlons most
expedltxously in the ‘eavironment of the' emu151on'
explosive being formulated. S
Additionally, the emulsion explosive - of the

.1nventxon-ﬁ may contaln : Ioptionhl ~additional  fuel,



other inorganic salts, such as, for exanple, the alkali or 15 alkaline lb
earth netal nitrates or perchlorates Typical of emulsifiers suitable for
use in the conposition are the nononeric enulsifiers, such as, the

saturated fatty acids and fatty acid salts, glycerol stearates, esters
of polyethylene oxide, fatty am nes 20 and esters, polyvinyl alcohol,
sorbitan esters, phosphate esters, [xﬂ@ethylene egcoI esters

al kyl aromati c sulphonlc ‘acids, amides, triethanolanine oleate, amne

acet ate, Imdas@dae%awfawafedlf@étxnmal@wgl' ?«é &pd @écaﬁtxfﬁ?

Anong the polyneric.emulsjfiers which 2 be e re the Al

ethylene oxi dEXBPERA el 358 8T &SR YRS OSPhﬁﬁﬂs’ Hﬁﬂﬁﬁﬁﬂkﬁkﬁhyﬁg6bhu
bl ock copolynemetaAhsoveﬂdLabheaiﬁlan emvtsr{afx \BﬁdHWIE%§IK3r§€§§¢ﬂ@am

roduct of gly lg and.a di n s m xtures,_ or bl ends
8f enuISJF|ersS§%g use g ' rn%?éﬁi %fler é?%ﬁ?l beH FROBHEMT ch
functi ons=ndst mafg&diadious| yIpn tkﬁ#amEMWJronnentglls¢n1tae orenul sooh,

expl osi ve be'nge&@&@%h%tedmaeggrt'%&@H'V’asthe FeLaRon ?u@Xphgﬁﬁ oPf
the invention opti.onal _ . "addi Ti onal - 6- :

sensitizer or FFPFéPu}ﬁSPeEW&ﬁF§ ands the like. for exanple, glass or
resin mecrospheres, paitd colratgasi ghibbeeal, fyei t&€98LayNiMgd MRtieGH tion

such  as, Sﬁxgzﬁgﬂép%ﬁiatlopOpurpeg\g%}glrﬁay %e 1B§Iref%lcu at%g Hixed

carbonaceous 5
"coal , veget@bl éntonther emulsiion gomposigriamar midy balldenerttead aimhed 15,

suMAIr and t hegkblge. Alks ?e%@?atﬁlilﬂ?t ql?date:tfal dggﬁ by JPdi fLegg1 Q0 and

sensitization purposes,
sodium nitrite.

The emulsion explosives of the present invention

‘are, preferably, made by preparipg'a first premix of

15 water and inorganic oxidizer salt'and‘a second premix of

paraffin wax fuel, emuisiinng agent and rheology/

stabilizer combination. The aqueous premix is heated

to ensure dissolution of the salts and the fuel premix

is heated to provide liquidity. The premixes are

20 conveniently blended together and- emulsified in a

mechanical blade mixer, rotating drum mixer or by

_ paSsage through an  in-line static mixer. Thereafter,

L : the_' density 1owering'materia1, for'example,'glass

- microspheres, are added along with any auxiliary fuel and

25' the final product packaged into suitable cartrldges or
- containers.’ '

The water-in-wax emulsion explosive compositions

‘0f the present invention are sensitive to initiation

_ by blasting cap in small diameter (2.5 cm.) charges at

30 _amblent o temperatures. p' The_. compos1t10ns dlsplay

excellent storage- properties and show no signs

of demulsificatiOn, retaining cap sensitivity after

'belng subjected to a series of temperature cycles of

-17°C to +35°C.



10 into the emul'sion conposition or may be generated in situ froma gas
generating material, such as, peroxide ~ or sodiumnitrit The enul si on
expl osives of -the present invention are, preferably, made preparing a
first premx of 15 water and inorganic oxidizer salt and a second prem x
of paraffin wax fuel, enulsifying agent and rheol ogy/ stabilizer .
conbi nati on.’ The aqueous pren x i s.fieated to ensure dissolution of the
salts and the fuel premix is heated to provide liquidity. The

. prenmixes are 20 conveniently blended together and emulsified .in a
mechani cal bl ade m xer, rotating drum m xer or by passage through an
in-line static mxe reafter, the den owerin for
exanple, glass m cr@gﬁhé%gfogﬁg%o%ﬁﬁmgﬂgrﬁ W?h&ém‘%ﬁuxﬁ’?gﬁf Ltﬁj 1?h‘?;md 25
the final pr pdeparpadbagea;hd nt measumdnentar tof dgesoperddesai ofr s.

wat er - i n- wax |.Si | o o] f he re ntlon
are sensiti veg'?pg“'lsnotﬁ1 ?lgoné% g{q)l n%g’iézggpéllﬁe%nnf’tf Q ?ﬁ@te(nzﬂ 156’19
charges at 30 anbient tenperatures The conp03|t|ons dlspfay
excel | ent st or age proper@ggﬂpLgyui Fhow no signs of demul sification,
retaining cap sensitivity aft®erpernmg-subJected to a series of tenperature
cycles of [err] =~ -7- .The.follow ng Exanpl es and Tabl es .describe the
prepar agi on and neésw@mrad oDf tpenpegrsias ofwaterimwader - emulakon

ST Lo S BkBRbYEYe B m\ﬁa{%'itio%\éew&%n HfF e LR the proporfion

series =SIX n-wax
of lngredients are as shown below, all parts being expressed \‘;

as percentage by welght.

10 o A'mmohiu_x_n'nitra't_e - 60.6 -
Calcium nitrate ' 4.6
Sodlum nitrate - 14.7
Water _ 11.9
|  Fuel 4.2
15 . Emulsifier | 1.7
Glass microspheres 2.3

The emulsifier eonsisted of e blend of 0.3% of a polymer
emulsifier, 0.7% of sorbitan sesqul-oleate and 0.7% of
soya lecithin. The fuel component comprised paraffin !
20 wax (ASTM 52-54°C) to which was added varying amounts
- and concentrations of different ethylene-containing polymers
and hydrocarbon  liquids. After,prepafa;ion, the warm
. explosives_having a grease-like liquid form'were packaged by
injecting the composition iqto_zs mm'cylindrical paper
o5 cartridges where it cooled to putty-like consistency. The
cartridges'were initiated by means'of various strengths-
blasting caps to determlne the mlnlmum prlming requlred to
achleve detonatlon.



expl osi ve conpositions were prepared wherein the proportion of ing
all parts being expressed as percentage by weight: 10

are as shown bel ow,
Armoni um nitrate

14. 7 Wat er
Emul sifier

60.6 Calciummnitrate -

4.6 Sodi um ni

11.9 Fuel - 4.2 15

1.7 G ass mcrosgheres
consi sted of a-blend of 0.3%of a polyner _enulsifier, 0.7% of sorb

redi ents

Itrate

2.3 The enulsifier

itan

sesqui -ol eate and 0. 7% of soya | ecithin. The fuel conponent conprised

paraffin 20

| i qui ds.

cylindrical
consi st ency

blastlng\dap

det onati on.:

P e

wax (ASTabherrl) &1k, C%H’Wsadd%%ﬁ/@éé"w eweleﬂéns'
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cartridges were initrate

g to determine the nini npgpPEi /i ng required to achieve
-8- Table I, gﬁums-a-

series of COHDOSItIOﬂS

fPge2

hown..

vaFious sirtengths

cont ai ni ng different ethylene cont ai ni ng pol ymers and a hydrocar boMINi-qui d.

The m ni num strength priner
cartridge is s

POLYMER

U

10

15

20

25

30

required to achi eve detonation of a,2PRYMER*=*

0. porvumh wcaugot EREYT oM MioBRh R as ikl

'Vybar*253.® 0.5 HT—22"@ .0.15

R-8
R-7
R-9
R-9
R-9
R-10
R-15

F (E.B.)

e

4
2 Vybar 26 0.5 " 0.2
3  Vybar 10 0.5 " 0.2
4 AC*-617 0.5 " 0.1
5 AC-40 0.5. " 0.1
6 AC-430 0.5 M 0.1
7 Nil Co- " 0.1
8  Nil - Nil -
% Ethylene homopolymer mol. wt. 1475
toon 1575
" " "oom 1725
" " "oom 1500
Ethylene/14% v1ny1acetate
Ethylene/26% vinylacetate
Mixed C25-C35 hydrocarbons
*Reg. TM , |
*k Caps designatea R-n all contain 0.lg Qf lead azide
~initiating composition plus varying amounts of '
pentaerythritoi-tetranitrate (PETN)Ibase charge.
. When n is from 4 to 13 the amount of PETN is
~ (n-3) x 0.05g ghd when n is from 14 to 16, th
~ amount of PETN is (n-13) x 0.1 + 0.5g.  E.B.

indicates an electric blasting cap containing 0.08g

of lead azide initiating compositiion and 0.78g

"PETN base charge. F designates failure to

~detonate.

- All the tests were conducted at 5

°c.

(!



.1 - Whbar*[err] 0.5 HT[err]  0.15 R-8 10 2 Vybar

- [err] - 0.5 : 0.2 R7 3 Vybarqlo 0.5 .
0.2 R-9 4 . AC[err] 0.5 B & ' R-9-5 e
AC-[err] 0. 5. .. 0.1 ' R-9 6. A(}[err] 0.5
0.1 R-10 15 7 N . .1 '

R-15 -8 Ni.l - Ni | - F (E B ) Ethylene '
honopol ynmer nol. wt. 1475 " " " 1575 " 1725 20

. 1500 Et hyl ene/.14% vi nyl acetate Ethyl ene/ 26% vi nyl acetate M xed :
C25-'C35 hydrocarbons *Reg. TM 25 ** Caps designated Rn all contain-0.lg
of lead azide initiating conposition plus varying anmounts of - =
pentaerythritol tetranitrate (PETN) basegcharge. Wen n. is from4 to 13
the anount of PETNis (n-3) x 0.05g and when_n is from 14 to 16, the 30
amount of PETNis (n-13) x.0.1 + 0.5g. E.B. indicates an electric
bl asti ng cap. cont ai nThg PebBYtef shead anlmahhetﬂaﬂemqpsﬂrax5|thabn

0.78g PETN e S t
wer e condﬁ‘?%%tjé% 5‘5 % éthygsgg hgﬂrﬁégglll%‘? 5 ho %?ﬁqg}frocfearr%é r a?%&fﬁ
t add|t|cnnuﬂreahg$ehbecaﬁnauhnngtWoDﬁnﬂheaWQMEﬂﬁmﬁiﬂﬁﬁntq|tﬂﬁtﬂ$tm¢@ases
the sensituniid PLedlgifMROBLEEINIILG LBty Wale disddidd gz a
putty-17ke consistency. _~The abséence of
polymer (Mix 7) results in loss of some sensitivity and the
absence of both polymer and hydrocarbon liquid (Mix 8) resultsi‘)
in appreciable loss in sensitivity. _ '
Table II, below, shows the result of primer initiation
10 of several of the mixes of Table I after accelerated storage

or temperature cyecling.

/-

TABLE II
MIX NO. INITIAL  AFTER 2 CYCLES* .AFTER 4 CYCLES*
PRIMER - {(V.0.D. Km/s) (V.0.D. Km/s)
2 R-7 R~15 (4.2) - -
3 R~9 ' E.B. (Fail) j - -
_ 7 R-15 E.B. (Fail) - -
20 8 B. (Failed) - - . - -

% One cycle is an excursion -17- +35-> -17°C
with 48 hours at each temperature.
From the results in Table II it can be seen that
after accelerated storage, the mixes containing the rheology/
25 stabilizer comblnatlon retalned the greater degree of
sen51t1v1ty ' _
Table III, below, ‘shows the sensit;vzty of a series of
mixes wherein the quantlty of ethylene polymer employed is
 increased to 0.7% and the liguid hydrocarbon components chosen
30 ranged in carbon chain length from Cq to Clé. In addition, |
the amount of liquid hydrocarbon used was increased to 0.3%.



pol ymer (M x.7) results in loss of some sensitivity and the absence of both
pol ymer and hydrocarbon liquid (Mx .8) resul'ts in appreciable [oss in

sensitivity. Table Il, below, shows the result of priner initiation 10 of
several of the m xes of Table | after accelerated storage or tenperature
cycling. TABLE I M X NO I NITI AL AFTER 2 CYCLES* AFTER 4
CYCLES* PRI MER: (V.O D. Knis) (V.OD. Knis) 15 -1 R-8
E. B. (4.3) - -2 R-7 ~ R15 (4.2)

- - 3 R-9 .+ . E.B: cEa- ) - - 4 _
R-9 - - | E.B. (3.9) 7 R- 15 E. B.
(Fail) 20 E.B. (Failed) - - * One cycle is an excursion
-[err] with 48 hours at each tenperature. Fromthe results in Table I, it

can be seen that after accelerated storage, the m xes containing the
rheol ogy/ 25 stabilizer conbinaiiE&EEEigiged the greater degree of
sensitivisy. Table |11, below, shows the sensitivity of a series of nixes
wherein the quantity of et hyl ene pol ynmer enpl oyed is increased to 0.7% and

the |iqurd hydrocarbon conponent$ chosen 30 ranged 1n carbon charn rengtn
| hor enspd MRS o ' Biwime TRLE DY ) BB CERIBRRENTCC) YO 4
LICUID.CCNPCNENT ' %9 - | whbar 253 0.7 | HT- 22
0.3 i _
AN by Vybar 253 % 0.7 HT-22 0.3 |
| 10 vybar 253 | 0.7 Octane 0.3 |
1 Vybar 253 E 0.7 Dodecane 0.3 %
12 Vybar 253 E | 0.7_. Hexadecane 0.3 ;
13 Vybar 253 é 0.5 ' -Dodecane - 0.2 §
14 Vybar 103 0.7 |. Octane 0.3 §
15 ‘Vybar 103 @ 0.5 Dodecane | o.2 _E
16 Vybar 103 0.7 Hexadecane 0.3 |
17 Vybar 260 | 0.5 Dodecane | 0.2 é
L 18 Vybar 260 f 0.7 Octane 0.3 ;
S 19 Vybar 260 ; 0.7 Hexadecane 0.3
20 AC-617 0.7 Octane 0.3 f
;o  AC-617 % 0.7 Dodecane | 0.3 %
E 22 -  AC-617 % 0.7 Hexadecane a3 g
| 23 - AC-400 Z 0.7 ; | Octane 0.3 g
L 24 AC-400 'g- 0.7 |  Dodecane 0.3
i 25 QC-4QO : é' 0.7 : Hexadecane i 0.3
26 | w§il . 0.7  Dodecane o3

" (cont.)

“Jo



.10

vybar

%* Xk

%k %k

Test Primer caps as designated in Table 1

Minimum Primer after one cycle
After two cycles

- This composition remains sens1t1ve to E.B.
initiation after 12 months ambient storage.

Vybar 253 0.7. Cct ane 0.3 11
<253 0.7 Dodecane 0.3.,12 _ Vybar§£5
- Hexadecane 0.3 13 Wbar 253 . ' 0.5 Dodecane
0.2 14 Vybar 103 0.7 - 0. .
VWbar 103 Dodecane 0.2 16 Vybar 0.7.
Hexadecane 0.3 17 Whtr 260 0.5 Dodecane
0.2 18 Vybar 260 0.7
Vybar 260 : Hexadecane - . 0.3 20
0.7 Cctane O #aBiE 11x (cohCI017 -
Dodecane 0.3 22- .07 Hexadecane
0.3 23 AC- 400 | _-O-QINIMUM P
AC- 400 7 Dodecane 0.3 25
0.7 Hexadecane 0.3 26 ' . o~
Dode?ane T. 3 (cont.) TABLE TTT (contj. ) M NTVOM PRITVER MX NO. |
UNTIAL wrx N8 90 AL 4“§§108§'¥§%Lss o: Btk %proner , | Poup.
R-9 5 11 ' R- 8% 4 R-11
4, 4* Rk 9 - % R—9" ——t—5—43
R- 9% _R—11 4.5 14 R-8**
4 9 .B. R-8 Fai | 215 R-7 R=13 - 2-4.3
EB I ‘Hail 16 R O* 4 EB _
Fail 117 10 | |R g R-9 3 4 R- 9R—9 4. #-B3 N/
_ * * ) ..
R9 % 11 * R-8* E.- By 2.1 R-11 4. 4%x%
L 12 R=9* 4 R-9 4.5
: 13 R-9* 2 i R-11 4.5
i {
f 14 R-8** 4 | E.B. Fail
i ' i
i 15 R-7 2 | E.B. Fail
. 16 R-9* 4 i E.B. ‘Fail
Y R-8 3 . R-9 4.1
. 18 R-9** 4 i E.B. 2.7
L 19 R-8% 4 'R~8 1.6 |
L - - ‘_u'
; 20 R-8** 4 E.B. Fail
P21 R-8* 4 R-15 3.7
P22 ; - 4 R-16 2.7
L 23 i R-9** 4 E.B. Fail
| 24 . R-7 4 R-16 4.3
S | ' .
i 25 i R=7 4  R-13 4.6
1 .
26 i E.B. 2 E.B. Fai:



19 R- 8* 4 R-8 4.6 20

R- 8** 4 o E. B. Fail 21 R- 8*
45 R-15 - "3.7 22 - ' 4

R- 16 2.7 23 R- 9* * 4 E. B. .
Fail 24 , R-7* o 4 ' R- 16 4.3 25
R-7 . -4 . R- 13 ' 4.6 26 E. B

2 . E. B. Fai- 1 Test Priner caps as
designated in Table 1 * M ni num Priner after one cycle ** ~ After
two cycles This conposition remains sensitive to E.B. initiation after 12
mont hs anbi ent storage. -12- Fromthe results, shown in Table |11, the

foll owi ng observati ons can be nade. An increase in the anmount of

et hyl ene- cont ai ni ng pol yner fron10.5@6(TabI§ ) to 0.7%results 5 in a
nore stable product, that is, sensitivity i 2|rrproved over the Table |
results akter accelerated“storage The -use of a | ower nol ecul ar melght
liquid hydrocarbon in greater anount increases stability nmarkedly. Both-:
henmopol yners and copotyﬁnrﬁhefresnﬁtenehmmmtﬁnﬁTﬂblorIEEvpbbesfeﬂlpwéng

nvent i on. JSI&4s1dls BafYBE' fa AAGASLE PRt YRENamount

et hyl ene- cé% hi Ng po YITEr's an om/nD ecd}ar melg drocargon I'i qui ds.
Conpare M ethplegencontairings polymexr rom Qh%%| T%’éleni[ke'éc’d@nﬂﬁstrﬁéﬂlilﬁ@

| mpr ove S%'A'M&x seag1at phidaucr, aéﬂatc Qe@siemire&esgl appweivel over

| i.quid. S' series of enulsi

exbL05|ve dﬂ#bdgﬂb16n§IMEF§u&F§pé@&fquﬁﬁ9ﬁﬁiﬁﬁ$% t?BﬂEagﬁ i ngPEJRSER: &
i dentical tpo@gsmolesalibedreirhExamehesd lhydreaaebont hat ggedteireayouin ueI

phase increases stability markedly.  Both homopolymers and copolymers
of ethyléne are useful for purposes of the invention. There is
10 a synergistic relationship between ethylene-contaihihg polymers
“and low molecular weight hydrocarbon liquids.' Compare Mix. No.
9 with Mix Nos. 10-12 where the latter mixes demonstrating
improved sensitivity (and stability) all contain a low
_ molecular weight liquid.
15 EXAMPLES 27-32
| A series of emulsion explosivex compositions were
prepared having proportions of ingredients identical to those
described in Examples l1-26 except that a variety of fuel phase
components were employed. The amount or degree of coagulatiOn
20 or viscosity of each composition was measured under both hot
and cold conditions in accordance with ASTM Test No. B217/68
normally employed for testing greases and waxes. (See Annual
Book of ASTM Standard, Vol. 23, 1978, page 133). Additional
viscosity measurements (Brookfield viscosity) were also
25 performed on some samples. The results of tests performed on
oompositions containing prior art fuel ingredients and on
compositions containing the fuel ingredients of the present
inventioh are shown in Table IV, below:




conponents were enpl oyed. The anount or degree of coagula on 20 .or
viscosity of each conposition was neasured under both -hotednd cold . .
conditions in accordance with ASTM Test No. B217/68 nornmally enpl oyed for ¥
testing greases and waxes. (See Annual Book of ASTM Standard, Vol. 23, '

. 1978, page 133). Additional viscosity measurenents (Brookfield viscoSity)

were also 25 perfornmed on sone sanples. The results of tests performed on

conpositions containing prior art fugé i ngredi ents and on conpositions
cntaining the fuel ingredients of the present invention are shown in Table

IV, bel ow TABLE |V VI SCOSI TY PENETRATI ON  PENETRATI ON cp M X NO
FUEL PHASE RANGE HOT - RANGE COLD - , [err] 27 Crude Petrol eum
310 - 332 128 [err]1 TABLE-IYerr] 28 Mcrocrystalline - 305 -
272 160 2 - wax 29 Paraffin oil/ 311 -322
- paraffin wax/ mcrocrystalline wax 30 Paraffin [err]
16 1 l 50, 000 paraffin [e[r] 31 Paraﬁfln wax/ 3506 ‘UQVT_
72;- 135 42, 000 dodecane/ Vybar 253 32 Crude petroleun1 3
142 4 I140 000 max/nlcrocrbstal 1'ine [eﬂr] [err] [ymspos «i
o ] PEVETRATIOV |DEVETRATIONZ cp .
E MIX MNO. l FUEL PHASE _ | RANGE HOT | RANGE COLD (72=-75°C) P
| i o P P
! j ] | |
. | : |
E ! | _ ' : P
: 27 | Crude Petroleuml ! 310 - 332 128 + 1 o= E\“J
% wax/paraffin wax' : ' o : :
: 28 1 Microcrystalline : 305 - 272 ' 160 % 2. - {
; | wax i i
29 | Paraffin oil/ ;311 - 322 0 - ! - :
i paraffin wax/ ! ' |
i mlcgpcrystalllne X !
! wax & % i
? i |
i ; !
30 ; Paraffin wax/~ i - 165 + 1 § 50,000
paraffin oil ‘¢ ' ' :
31 . paraffin wax/ ! 356 - 371 72 - 135-§ 42,000 -
i dodecane/ &, . : : i -/
} vybar 253'¥ | : i
i _ . o _ ..
32 | Crude petroleum | -, 142:4 - 140,000
_ : wax/mlcrqgrystal—}' i : o
_ i line wax 2 |
! | :
L N { .
77 - 84°
20 - 25°C
Brookfieid spindle #7 € 10 rpm-
Ratio 1/1

Ratio 0.91/1.91/1.91
Ratio 3.2/0.7
Ratio 3.2/0.3/0.7

VOPOOOW



[err] [err] Brookfield spindle #7 @10 rpmRatio 1/1 [err] Rati o
0.91/1.91/1.91 [err] JRatio 3.2/0.7 [err] Ratio 3.2/0.3/0.7 -14- gq
Fromthe resultsin Table IV, it can be seen that Mx 31 conprising the
~paraffin wax/ethyl ene-containing polynmer/ hydrocarbon |iquid fuel phase of

" the present invention 5 denobnstrates in the hot range a greater penetration-
-and:a |l ower viscosity than the sanple mnmixes containing conventional prior
art fuel conmbinations. I'n addition, the cold range penetration of Mx 31 is
" substantially | ess than the other sanple gihxes. Thus, the conposition of

the invention is shown to have 10 superi or processablllty properties when
warmyet sets-up-in a highly viscous state upon cooling to anbient '

t enper at ur es. - 15 - CLAI VB 1. A water-in-oil enulsion explosive
conposi tion having-a density of from0.9 - -1.4 g/cc conprising a continuous
carbonaceous fuel pha 1 SC us., o e eous, _sol ution
phase, akd’ an enul si f;SE:LFOﬁ %éésggéﬁgggbgﬁaﬁég%é gél i% E:a% 8n'5|e’ r'f’g‘aé: :
maj or anountigs 3%(99#&#%#%#9gﬁ%ﬂepéaﬁéfinnwaaiehhylﬂgeacnatalpamqtnolvner/

t enper at ur e Ria g pEdh t {d] £ Ohga n e |f|er/
StabI|IZ§{ égﬂblnatlon 5&#%%@§oﬁ%?n§??%ﬁ %gngﬁgs gegﬁagceg9g§t§gﬁ
on 9

- hydrocar mANRFIRRA ot DRAE ar%wseha|ﬁrﬁeﬁgrhpapetratlon and’ a Tower

v1scos;ty than the sample mixes containing conventional prior
) rart fuel_ccmbinations. In addition, the cold range penetration
W of Mix 31 is substantially less than the other sample mixes.
“Thus, the composition of the invention is shown to have
10 superior processabllity properties when warm yet sets up in a
highly viscous state upon cooling to ambient temperatures.



————— e —

to C35.-and an éthylene cont ai ni ng pdlyner'mhich has a nol ecul ar .wei ght
bet ween TO00 and 3000, is soluble in paraffin wax and hagga“5@6paraffin wax
o]

sol uti ich is.greater than the ‘tenperatur f formation of ¢
the- 15ﬂmﬂnj gﬂml“l n. expl osive conposition as clained in daiml o

wher ei I zer salt is ammoniumnnitrate. 3. An expl osi ve
conposition as claimed in Caim2 wherein up to 50% by weight of the
anmmoniumnitrate is 20 replaced by-QHE.or more inorganic salts sel ected
fromthe group of alkali and al kaline earth nmetal nitrates and
perchlorates 4. An expl osive conposition as clained in any one of O ains
1 to 3 wherGliaiMShe et hyl ene-cont ai ni ng polyner conprises ethylene

honmopol ymers and et hyl ene/ vinyl acetate copol yners 25 wherein the vinyl
acetate does not dxceed JoUbeH - Meight emilsiom explasive comreition as

clai med inmBR¥ANG YeddBiyodl £1ont oterein 4 hey dy Baess p@fh iguid
conprises an al kane having carbon I# rifhaln Ieng S %ﬁ 0 5. 6. ,%§¥

expl osi ve HRIIAUIH %?srb(ﬂ%?r“r?ébusr whirhaso avﬁhe? T TIPS R %

1 qui dI & kana thagreass hmhﬂtmn ohwsne,l engi harf renm (B 1021 6the said6b - 7. )
An expl osi 05|t|o erein the
emul sifier c'asrcb &r‘%ﬁ?ﬁ tph% oup olﬁ'r%lla raﬁéaad% {@0%%% P %Nn

gl ycerol stmma]esgmda afayed gt Iwdoe i ixigles mekt wmhe@wmm s,
pol yvi nyl ‘% %0 it Of St RIOSBRARS: G54 Slifeo RO G Oi[ﬁ@rp' ycol

esters, alky aronatlc su oni ¢ acl ds,. am des, trlethanolan1ne eate ,
anmi ne acet ﬁ@bﬁ%%zd?qwaq}l@’a{ l)‘fha"t‘gh qopkinatian ¢omRGIseRan acyclic \J

nercaptmls,cﬂlervwdszaﬂﬂo&i fiieqsid apring g cddoels, atdydienin length up
oxi de/ pr opyl LB LR SORURY RIS 30 T QR ghel el QAN dn SRS
molecular welght,between 1000 and 3000, is soluble in: _
paraffin wax and has a 5% paraffin wax eolutien-cloud'point
which is greater than the tehperature of formation ef the
15 emulsion.

2. An explosive composition as claimed in Claim 1
wherein the oxidizer salt is ammonium nitrate. '

3. An explosive composition as claimed in Claim 2
wherein up to 50% by weight of the ammonium nitrate is
20 replaced by one or more inorgénic'salts selected from the group
of alkali and alkaline earth metal nitrates and perchlorates. -/

4. An explosive composition as claimed in any one of
Claims 1 to 3 wherein the ethylene-containing polymer comprises
ethylene homopolymers and ethylene/vinyl acetate copolymers
25 wherein the vinyl acetate does not exceed 30% by weight.

5. An exﬁlosive cohposition as claimed in any one of
Claims 1 to 4 wherein the hydrbcarbon liquid comprises an
alkane having carbon atom chain lengthe up to C35.

6. An explosive composition as claimed in Claim 6
30 wherein the hydrocarbon 11qu1d alkane has a carbon atom
' chain length from C8 to C16.



1® copolyners and the reaction product of glycerol aw o
m xtures thereof. 8. . An emul sion explosive conposition as clal '
CFaim 1 conpri sing (a) a continuous phase conprising fJﬂmM i ght Sﬂg
~of 15 commercial grade paraffin wax, from 0.5-3% 'm mm#ﬂ
enul sifier and from0.3-2.5% by wei ght of a rheol ogy/ nmodi fier er :
conbi nation conprising fromO0.2-1.5 parts by weight of an '
~ethyl ene-containing polymer and from O- 146l parts by wei ght of a hydr ocar bon
liquid; 20 (b) a discontinuous phase conprising from 10-25% by wei ght of
wat er and from 65-85% by wei ght of one or nore sol ubl e i.norganic oxidizer
salts, 1z:i_nd; ((jC) ? di Bper safl éiqﬂ&jé:wé Wﬂd&tu%r adi emfalhedam' l&i{? 8ne of
conposi tion 0Si ve
cogo& tion ae@ﬂr a'?{sm(;fd 14 %wq\erﬁ%l elet‘f“‘[ éf&?rdllfeﬁeéﬁf‘teeo PRsklae ggroup
| east 50% by veef g:’rutttarmmd ufatrivt raatiel sl tsAn gdypleosilveteannoss]i 68tébs of
cl ai ned LQ d er Si ng ed
EﬂdﬁfeﬂHny&ﬁ'Hé%dM1 lf'%%f#@% ah¥ EQ%FEE 862? geﬁla%gol

sel ect ed 3@5 from particulate voi tarning nater
bubbl es. 11 /ﬁpﬁgﬁﬂ%ﬁﬂ3ﬁ$%ﬁﬁanHQ§Hﬂ?t§U@§F&ﬁﬁhaPP}YgﬁhHéQCE|&bﬂcﬂbreﬁters

wi th ref er encen iy lamoneita ofs UDpHERIies akiGsi,Nakige¥e, t9idbhhA6l Mol Ne G1chad,
amine acetate imidazolines, unsaturated fatty chain oxazolines,
mercaptans; polymeric emulsifiers comprising alkyds, ethyvlene
oxide/propylene oxide copOlymers‘and hydrophobe/hydrophil block
10 copolymers'and the reaction product of glycerol and a dimer
" acid and mixtures thereof.

8. An emulsion explosive composition as claimed in
Claim™1 comprising | '
(a) a continuous phase comprising from 1-10% by weight of
15 | commercial grade paraffin wax, from 0.5-3% by weight of
an emulsifier and from 0.3-2.5% by weight of a rheology/
modifier stabilizer combination comprising from 0.2-1.5
parts by weight of an ethylene—containing polymer and
from 0.1-1 parts by weight of a hydrocarbon liquid;
20 (b) a discontinuous phase comprising from 10-25% by weight of
-water and from 65-85% by weight of one or more soluble
Y inofganic oxidizer salts, and;
(c) a dispersed density lowering ingredient to achieve a
composition density of from 0.9-1.4 g/cc.

25 9. An explosive composition as claimed in Claim 8
wherein the oxidizer salt comprises at least 50% by weight
ammonium nitrate. -

10. An explosive composition as cléimed in Claim 8 or
Claim 9 wherein the density lowering ingredient is selected

30 from particulate void- conta1n1ng materials and dlspersed gas

bubbles.

11. An explosive composition substantially as deecribed
herein with reference to any one of Examples 1-6 inclusive,
9-25 inclusive and 31. '




