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PCT/ AU98/ 0&%‘%@5]645 RHEOLOGY MODI FI CATI ON_AND
MODI FI ERS The present invention relates to exNP&gngloosss
conposi tions and nethods for nodifying t he rheol ogy of expl osives .
conpesitions using associative thickeners. 5 Cvilian m ning,

quarrying and excavation industries <bmmonly use bul k or packaged
expl osive formnul ations as a principal nethod for breaking rocks and ore for.

m ni ng, building tunnel s, excavating and simlar activities. Explosive
conposi tions typical | RMHEOLOGY MEODFICARION IANDI MODIFIERSIde emul si on- based
expl osi ve conpositions. ‘10 ' Water-in-oil enul sion explosive
conpositions were first disclosed by Bluhmin United . States Patent

3,447,978 and conprise, (a), a dj sconti nuaus aqueoys phase conprd.sing.c. .

di screte d rﬁ‘ﬁ IWE“‘O‘PSQ%F%E‘%F §?5Pq8§‘?’85nc°g’i’pqsﬂl9?‘-8 &H& gxegl}%sﬂf W@ ﬁgggﬁgn g
salts; i = acitidnd s e i ' ase t hroughout whi ch
t he droé%ﬁ@%@g&ﬁ?&@gwg%%p?ségdﬁg?sgﬁuﬁgﬁ%ﬁ?%fg&mﬁ?%h fornms an enul sion
of the groplets of oxidiser salt solution throughout the continuous

organi c phase. Wiere these types of enulsions conprise very ljttle ter or
adventitious Civilian sriniog| quarmyingtpad exeavation indesisessommoniyaise bulk orpackaged
correctly referred as nelt-ins:fuel S| ' SSmini i I'n
emul si on EXRIGFYE ?%@ia%eﬂ%?%% pringtpal W@OSJR%E%@Q 3@%‘34@99’3%3 cRaen ’%tuélrd % al
tension HEr Aids! BhReve cofpastidmstypically assdnin thedd er

| ocat e atm?lggg’%&*@geﬁwﬁ@et vveenlt ﬁe aqueous _dr%pl et ?Ag coﬁn'ti nuous

hydr ocar bypplicdtione inclikde exnulsishftiased enplasivel esnpositions oriented with the
hydrophili¢c head group in the aqueous droplet and the lipophilic tail in
the coMinuous hydrocarbon phase. Enulsifiers stabilise the enulsion,

I nhibiting co . . :
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aqueous dgigred Pitent 3OS fid| coehpeisk $4)ad discomtinasuscarmedusarhaseocampdising discrete

breakdown and reduction in detonation sensitivity of the enulsion ewl osi ve
conposi t i droplets of an aqueous solusionroflingrganie oxyganstelasing isalts; b}/ 2 gonfinuons water-
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15 which forms an emulsion of the droplets of oxidiser salt solution throughout the continuous

organic phase. Where these types of emulsions comprise very little water or adventitious
water only in the discontinuous phase they are more correctly referred to as melt-in-fuel

emulsion explosives.

20 * In emulsion explosives, emulsifiers are generally used to decrease interfacial tension
between the aqueous and oil phases. Molecules of the emulsifier locate at the interface
between the aqueous droplet and continuous hydrocarbon phase. The emulsifier molecules
are oriented with the hydrophilic head group in the aqueous droplet and the lipophilic tail in
the continuous hydrocarbon phase. Emulsifiers stabilise the emulsion, inhibiting- coalescence

25 of the aqueous droplets and phase separation. Emulsifiers also inhibit crystallisation of
oxidiser salt in the aqueous droplets. Uncontrolled crystallisation can lead to emulsion

breakdown and reduction in detonation sensitivity of the emulsion explosive co_mposition.

Generally the emulsions themselves are not detonable and in order to form an

30 explosive composition, the emulsion must be mixed with sensitising agents such as a self
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expl osi ve WOI§51648 i ni t r ot ol uene or nitroglycerine) or a di F@gﬁﬂb%%b@é’ss phase

of void agents. Sui tabl e void agents include glass m crobal | oons, s
pl astic m crobal | oons, expanded pol ystyrene beads and gas bubbl es

i ncl uding bubbl es of entrained air._ 5. 5 Emul si ons are often bl ended

wi t h ANFO based expl osi ve conpositions to provide expl osives which are =
commonly referred to as "heavy ANFO s". Conpositions conprising bl ends

of emul si.on and AN or.ANRO are described for exanple in Austral Lan Patent
Aop T cactBIPREF (<. 4itioniel s e ek Ot o SPRIMoE phR i el o;
al ) and gy 7. WA ; i mi n ' used
T e b vaig hetlé P lastictotlob, plastic microbalUNE e HPIAF b5y €

bl ast holbeads and gus bmbbles inchiting bubliescof entrdinethair. fi [ | i ng the bl astholes with
bul k or packaged . explosive conpositions which are subsequently
detonated. Bul k expl osives are generally less ~ expensive per unit nass

t han ckage i e i (€. . [ .

parti (F:l'ﬁl arl y%ﬁéggﬁégﬁgﬁggﬁg%mréﬁmﬁ@gﬂgé g@&@ﬁ@%ﬁ pé?(‘;’)lfj%si ves
may be Sidles which 8fe conithéxily Seferred to as Bdady ANFOR! O Tongosiions compfisihg t he
drawback that they nust be nanual ly | oaded i nto bl ast hol es whereas bul k
expl osi \béendsref emulsion at AN i ANROb atte desoribed: forapkample in Austratian Pateh®

ana t ho Appiaien 1 SRS berosy o VECPausTa IRLSST iy 57, g ot °°

site an fﬁn i.fit O predrilled blastioles. Bulk explosives are
ei t her (r%'énuf’gscz{ (uhragﬁdeétaﬁé manuf acturing facility and transported in a

specigjly designed truck to the mne or m xed on-site in manufacturing
units | ocat ed on_ trucks (called nobile manufacturing units or MW s). 25

The t r anspor tWhenguplosiyesiaevsedsinghemiging, indesryyoreandockds fragtneed byrdrillag of
| oadi ng ul k expl osive into.blastholes. The Dbl asthol.e | gading .
usal 1y lashaig i e 4o by e bfbbtha, B bR ifine BES0RBSIeD Tifh iRy Meigbec
| oadi ng ekMBsiPa!bdimositioS WhRhiaf fibsddBertlyafeidialed. BUIR ekplRSivBare genérally fds used
dependi ng .on the physical characterisfics of the type of bulk explosive -
used. 3@xpemsilienperbynipumss thani packaged explosivesi kebce bullbgxplesives arenprefearedcal or
' : h : \ 4
E?ﬁ}’fp‘fﬁgﬁ@%ﬁgﬁy tato lapglésnﬁne sites where ma\gly) l%%é?e%g o? tonnes of explosives may be needed
for a single blast. Packaged explosives also suffer the drawback that they must be manually
loaded into blastholes whereas bulk explosives are able to be readily loaded by mechanised

means.

20 Packaged explosives are manufactured at fixed site manufacturing facilities and the
cartridges of packaged explosives are transported to the blast site and hand loaded into
predrilled blastholes. Bulk explosives are either manufactured at a manufacturing facility and
transported in a specially designed truck to the mine or mixed on-site in manufacturing units
located on trucks (called mobile mahufacturi‘ng units or MMU's).

25 | |

| The transport trucks and MMU's are provided with the mechanised means of loading

bulk explosive into blastholes. The blasthole 'loading is usually carried out by either
auguring, pouring, pumping or blow loading the bulk explosive into the blasthole, the loading
method used depending on the physical characteristics of the type of bulk explosive used.

30 Loading by pumping is usually carried out by using a mechanical or pneumatic pump to push



- 3- expl osi ves conpositions through a delivery hose into the

bl ast hol es. I adi ng of an expl osi ve conposition typically involves
t he,use of agnggggged gas to bl ow t he expl osive t hr ough EBCEAU9HB353 hose
into blastholes and is a comonl y used delivery nethod. 5 Bot h
MW s and fixed manufacturing facilities store relatively large quantities
of . chemical conponents which can b2-nixed together to form explosives
conposi tions. For exanple, MW s conprise several |arge storage
containers for storing fuel oil, enulsion, particul ate oxidiser salts,
wat er andxpldsres eopipositivas throgghng delivery these into tigoblastheles.arBlow loadimg>ofcan n
differing proportions_to provide ANFO or various fornul ations of enuIS|on
and 10 heeespiosmqmmposmon typlcally inyRivesthin usecofiromnyessed gas i blow, the; explasixe

ool 3 vaurp B A E HRR R el ame if R Shiig @R el ntd ' ©°

precise control of the conponent flow rate, tenperature and other physical
parameters 15 rel ated to the manufacturing process. One of the
nost i npor t antBothr MMt &y and ﬁxedqmamfaemang faciljtiesestore aelatively largedjuantjtiest of

enul si on pl.osives is th nuIS|on rheol o The rheol o of the emulsion
i npact s Shemic |CPmanws txesfm&qsﬂqyrstpéﬁrm&mlpﬁw FOPRPRRIIONS- t

T O o A S B T T i

ret enti omatituldietidisersiits Cwaek 8l 6ther BfplosivisledripchighisO MHeke mhﬁ@mméanl e

density. For exanpl e, epr05|ves conposi tions which are very dense and
vi scous omixedrinydiffering propertromsite pravide ANRGQ bnvaaus fprpulations ofemulstonsansk t
Ioadin oses y cannot be punped t hrough | ong hoses w thout the use
of exc h punpi ng pressures or the hoses bl ock 25 up.

It has also been noted that a colum of enulsion will fail to be retained
i n an uphol e if there is adhesive failure between the enul sion colum

and the bl ast HDhe nvmufturingoprooesses varried out asingMMIU'st el €ied shaufachiripe
probl ems mak{ube all eviated sonewhat if the viscosity 30 (effective

ri gi di ty)fagifitiesran pravidg vasious explesixesstogmulations having variqus physic pharacteristics
PCT/ AU98/ bgfogpe%lse control of the component flow rate, temperature and other physical parameters

15 related to the manufacturing process.

One of the most important parameters in the manufacture, delivery and handling of
emulsion explosives is the emulsion rheology. The rheology of the emulsion impacts on
virtually every aspect of emulsion handling including the flow of the emulsion in pipes and

20 hoses; adhesion to the walls of the tanks and conduits of the manufacturing system; ease of
pumping; retention in upholes and cracked ground; and retention of voidage at low density.
For example, explosives compositions which are very dense and viscous can only be
pneumatically or mechanically pumped through short loading hoses; they cannot be pumped
through long hoses without the use of excessively high pumping pressures or the hoses block

25 up.

It has also been noted that a column of emulsion will fail to be retained in an uphole
if there is adhesive failure between the emulsion column and the blasthole walls or a cohesive
failure of the emulsion. These problems may be alleviated somewhat if the viscosity

30 (effective rigidity) of the emulsion is increased.



-4- VWiile it is often desirable for an emulsion to exhibit a
hi gh viscosity in the bl asthol e, this is not optimal for transport,
handl i ng JWOI9¥atHg t he enul sion into bl asthol es, particulﬁ@bﬁummmﬁﬁpen
punpi ng. In other words, an explosive enul sion which has rheol ogica

3

characteristics whi ch nake the enul sion suitabl:e for punping through a
| oadi ng hose, may not be suitable D4for residence in a blasthole and vice
ver sa. In the past, many different techni ques have been used
to nodify the rheol ogy of expl osi ves enul sions. Mst of these

approaches t egl.o di fi.cation are based.an .., chemical interactions
such as the gﬂ'@ﬂwdf 8%7‘8&5?1’?‘?‘?( q{@n&rm%%%g:ng&glgt ahishy viscosiyy ﬁﬂ!"?ez_o For
exanpl e Is : : ‘ . & ' ' ; emary
anmmoni urrtlHE i ﬁ@toﬁgﬁ%g@rﬁ?b %gri/oi z ség gﬁ%"%’%‘?%’a@%‘ﬂgk ?3@2 %%Ec??%;e HP g‘féllcméﬂ& .
t hi ckenewlen punainiga nhrothér words] untexplosiveienmilsioh which)tlks eheolaical Chatacwriflicat es
Pat ent 5, 145, 535 describes the use of a catiognic salt of CMC ether as a
cheni cal Whigh make ¢he emulsion suitable foqqwmping thrensh & loadipghwse gnaysef bespitable

nmodi f i Lon. of enul g .3l suffers from . the problens that the
chem Cg%fgeﬁb‘%ﬁﬁ%ﬂg%ﬁ#@?%%gq&% g%%el y slowrate and is strongly
tenperature dependent and irreversible. : .1t has now been found

that effective rheol ogy nodification of enulsions for emnulsion 20
expl osi ves cdn the pastyvnaigddiffereny téchnéques hnves bednhuseld o anadifynthiecthealogy of

believed tpo rely on .a hysi cal interaction wi}h con&z?nents of th
err?JI i i OrfXPSHES Wﬁﬁ%‘herﬁ%%lﬁi B WPIOAASS o theo 0gy mo ification.ate Has on
| ndust r oA eenAonR s SRk KAtREE orDcl B B DBl R thE EmfRRn. N0

Redel 10 Hor ergfiple Vatited Btited Patehies,387,6751(Yuhh aRiioss he wiedf fqua@maig hidivhium

et hoxyl ates as associ ative nonionic type thickeners In cationic type

bi t unen eshear(syiof rpoiyel(s) and, polysacehasides ds wheraicpl tuckenerstio alrangs ethproduets
coating. ayers t.o be fQor . nadi tent ..2079926 (Fi st.ner) .

i scl osduchudiB &rotiSes o Dpfied Staes R, (3. 5. dPStrt . S PG sy of
texti | egMO@hé&3ds cHeRtiPdl itBickéhepN associ ative thi ckener, preferably a
pol yur et hane bl ock copol yner or an al kali swellable acrylic polyner or an

al kali 30 soluble acrylic polyner. Associative thickeners have al so been
djn thi ' dril i
use Hﬁ ¢ lﬁorurer\]r T, C. I m%claﬂ}%based rheology modification of emulsions generally suffers from -

the problems that the chemical reaction occurs at a relatively slow rate and is strongly

temperature dependent and irreversible.

It has now been found that effective theology modification of emulsions for emulsion
20 explosives can be provided using "associative thickeners" which are believed to rely on a

physical interaction with components of the emulsion rather than chemical interactions.

Associative thickeners have been previously used in technologies such as the coating

industry. For example United States Patent 5,521,235 (Redelius and Redelius) describes the

25 use of hydrophobically modified urethane ethoxylates as associative nonionic type thickeners
in cationic type bitumen emulsion for rods, roofing and waterproofing to allow thicker coating
layers to be formed. Canadian Patent 2079926 (Fistnef) discloses an aqueous paint
composition with high gloss for use on textiles, the paint comprising an associative thickener,
preferably a polyurethane block copolymer or an alkali swellable acrylic polymer or an alkali

" 30 soluble acrylic polymer. Associative thickeners have also been used in thickening drilling
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muds,. poli %@ﬁ;s,s]gl andPESheet St S e ¢ products such as cosnetics, food
prqducts an Phar wmmr mr aulic fluids and i nksPEI/AUR§Q03S3

hitherto in expl osives o] control rheol ogi ca
characteristics. 5 We have now found that associative thickeners
may. be used in enulsions for use in -5- explosive conpositions, which
associ ati ve thickeners provide for rapid and reversible changes in

~emul sion viscosity. Associative thickeners provide explosives enulsions
havi ng t hguds, pélihés, adlemes)qrephal tatiprodwits Gich as goirhétisnfosd grsductnand
Vi scosity durlngupunplq? an ;ﬁ% re- establ i shnent of relatively high
vi scosi t yphammacenticals.nhydraulic-flwids and dnks butonet hitherte dn eaplopives mapuiaceiredhto
conponents. It ,is,beljeved that the associative thickener provides a

net wor k ntro] mgg&i’h c"Wﬁﬁgg‘st hr oughout the emul si on which network can

-be reversibly broken down. Accordingly the present invention

provides an enul sion for use in enul sion expl osives wherein said
emul si of conprWedsave mossfound diae dssobiative tickenasanpobatised inrenauisiony foruse fthase
15 of the enul sion. There is further provided an enul si on

wher ei n texplasiveicompesitions, whish asseeigtivethiskeneseprovide Jorsrapis and rexersible, ehangesn
enul si on ,absent.the associgtive thigckener and.exhibits significant .
Feduct | orit Sglsian, sptn o ASiiatiye BiFkPrs BTYIER Seploses shilsiopiyfaving the
reest abl i g SrhEBFikts! ar ; i y“\M',\,g ' -
shear for%ééﬁ?tgéggmveﬂ#ﬁso\f(iﬁﬁg&ﬁcmqﬁ%dr%gb?gﬁ ?ﬁ?ﬁ% rd pr 31‘%’3’3“%%@28 of
manuf act ugstablistanene ofitetitively dighl visdosity when pampingj isiterminategh withongdamage to the

i ncorporating, at | east one_ assogiative thickener in an a ueg(ge‘s§ phase

‘and sub@eefunlsion campanentsyi Kds believad ey the prsaciatiys, tHFkeger PRRYSs & BPMEFPE
water-in- @J%cé? B@E%I,gggﬁ{)‘nrgt{%t the emulsion whﬁhme?\gﬂﬂdn%ey re9brsfbiy Bfdkeh'db@n.

t hi ckener e present inve

Accordingly the present invention provides an emulsion for use in emulsion explosives

wherein said emulsion comprises an associated thickener.
15 .

There is further provided an emulsion according to claim 1 wherein the emulsion has
increased zZero-shear viscosity relative to an emulsion absent the associative thickener and
exhibits significant reduction in viscosity when subjected to applied shear force and
reestablishes substantially the original viscosity when the applied shear force is removed.

20

There is further provided a method of manufacturing an emulsion explosive
composition comprising incorporating at least one associative thickener in an aqueous phase
and subsequently emuisifying the aqueous phase in an oil phase to form a water-in-oil
emulsion.

%5 |

There is further provided a method of manufacturing an emulsion explosive

composition comprising incorporating at least one associative thickener in an oil phase and

subsequently emulsifying an aqueous phase in the oil phase to form a water-in-oil emulsion.

30 A wide variety of associative thickeners may be used in the present invention.
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Sui tabl e associative thickeners may be selected in accordance with their
conpat i bi | WOP8(81645 t he ermul si on expl osi ve in which thepc®/a®osoosss

i ncor por at ed. The associ ative thickener of the present

I nvention may be polyneric or non-polyneric 5 and may act in the aqueous
phase of the enul sion. Jée associative thickener may typically
conpri se a backbone or chain which is soluble in the agueous phase of -
t he enul sion. These associ ative thickeners additionally conprises a

nunber of, mojeties.which are insoluble in.the agueous,phase. These noigties -
o aCor of SullBbis asfigttys ket Ry v deferteld it ArcoRiAPee SRuaBeE Cowpa by WER ' ©°
present \d Blabisf RBRIR RV hi 228 BRbrporatélf. OUPS on the chain. _

The asso\ce!lla?'?’lves tntﬁ*?kener may&gteﬁez po{}@rrlg?r%%{ ubl e in the aqueous phase and
have =~ insoluble noieties substituted thereto in substoichionetric
amounts. Preferably the associative 15 thickener conprises blocks of

hydr ophi | i ¢ pdihgssosiative thinkeney of the pressatinventipn may bg|polymerigf anspelymeric

hydr ophobi ¢ _conon. __The hydrophilic pol yaer copqgl.ymer is.preferably
o cpar a4 g e &S APl oF BB iR of e Bty Bppd ik ot e
vi nyl pyr cRémi¢anBamné dbthe sele6E hdbGativCihickanerde, et hyl ene glycol, ethylene
oxi de, vinyl al cohol and propylene glycol and t heir hydrophilic

derivatives. 20 The hydrophobi ¢ nononer may be any nononer
pol ynmerisable with the hydrophilic nononer anpd i contajns .. .
o ophobic. et (RSSO0 (BICRIT HaY BEPIALY | GMPIBE % hAkABROF ChAPAVBIShdbi ¢

A it . ) el
b Cleano s bl e drggifc, o Qinifely A Gadefits, e ot Eflson?, THEE Asoltaive
consi ol fgckdners additicially [compyiséd AembsrsTiméietids wilich ahy/ Inablablé! ihake phasiinle,

N-(4-t-butyl phenyl)acrylam de and the | i ke. The associ ative thickener

may be f awhichherbackbone tsoobibjereThese moieti¢scare peeferably,dispepsed|algng the bagkbone
N-4-(t- b%%g%ﬁ@%@%gﬁ%sﬁ?se% within $ L RAS8 lor &2 thal Ero s_lo%S ethign. 1 % mol

% hy

The associative thickener may be a polymer soluble in either the aqueous or oil phase
15 and have insoluble moieties substituted thereto in substoichiometric amounts. Preferably the
associative thickener comprises blocks of hydrophilic polymers or copolymer prepared with
small amounts of hydrophobic comonomer. The hydrophilic polymer or copolymer is
preferably prepared from monomers selected from the group consisting of vinylpyrrolidone,
vinyl acetate, acrylamide, ethylene glycol, ethylene oxide, vinyl alcohol and propylene glycol

20 and their hydrophilic derivatives.

The hydrophobic monomer may be any monomer polymerisable with the hydrophilic
monomer and which contains hydrophobic moieties. There are a wide variety of suitable
hydrophobic monomers which will be known to those skilled in the art of associative

25 ﬂﬁckéners. Preferably the hydrophobic monomers selected from the group consisting of N-
alkylacrylamides such as N-(4-ethylphenyl)acrylamide, N-(4-t-butylphenyl)acrylamide and
the like. The associative thickener may be for example, a copolymer of acrylamide (a

 hydrophile) and N-4-(t-butylyphenyl acrylamide (a hydrophobe) comprising less than 1% mol
% hydrophobic comonomer.

30 C : This Sheet Has Been Replaced
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It will be ngt to in the art that nolecules of this type
can be ‘@52@ 4 sed Hmm“m“lm“hods The two nmaj or syRERAUN0BEUL es
to associ ative thickene rough mcellar copolynerisation or from
t he chem cal nodification of a water-soluble precursor polynmer. The

| atter route has mainly been applied-¥e cellul ose derivatives, 5
poly(acrylic acid) and et hoxyl ated urethane polymers. The m cel |l ar

copol ynmeri sation process . involves essentially acryl am de-based

copol yners. ATigddisobiafive tsiviinBEinay ARethaivell €Bmprisa!bldcks BT IMEF6HIBRO c6-
nmonormers with a built in surfactant charactér overcones the need. for the
ext er nal polyrhercprepared swithdsmall arheunts ofhydrophilic koingpemer. 10 - Factors
whi ch i nfluence the viscosifying ability of associative thickeners, in the
absence of shear, are many and varied. Included in these are the nol ecul ar

i ght of th | L g | ] :
content “and nyd SURE Aten: b5 Bycsg RN Bk S0t Hitsfes O 5 BAE o be
hy dr op e layfithésised fbytvatiotifethedso The twb endjoesniiéic Rbute &y Sodihtivecthickendrs atdhe

pol ymer backbone or on the pendant hydrophobic groups, the copolynmer 15
concent r dhromgh micellar eepolyrerisationl @i tfram th¢ ehemicab modification fofct water-saluble
tenperature. Dependin n.the relative jnfluence,of each of these,
factor o RECUTRRT BOWEENThe ARttt s Tiiply besh ASPIiCY 41 Selware dgrives,
I nt rachai ;Fﬁc}@ ' '
sui tabl e p@lr u gd%gd)g‘ﬁaé’g% lg‘?:i/ggeﬂ(‘aarxrlﬁlp 8 }ygrl]e rf'sTkzlie %‘%&lr&r ?‘ﬂk&lf‘é}gsra B%b?dc%&

mel t - i n- diolees) essentiallyr acrplamiderbised| copblynterQNAn Tadditionlal v syriiletiesones aihicke

t hi ckener is dissolved in the aqueous phase prior to enul sion

f or mat 1&tilisgsdiydeaphobie monemarssvigha builtin suréastapt ghayactes overcomeg,ths nead; fgn theof
enmul si on of associ ated t hjckener.. re.typically the associative thickener
S preserﬁ‘{eﬁﬁfﬁlﬁﬁ tﬁtuf?ﬂ"b egpcﬂl\a/gt?c&n o by wei ght of enul sion. Suitable
oxygen rel easi ng salts for use in the agueous phase of the enul sion of
t he present invention include the 25 alkali and al kaline earth netal
ni.trates, chl dfactars whidhdafluérice rthe adscosifiying iabitityiofr asseciative thickenersuin the
chl orat e, ,ammoni ugépg_erchl orate and, m xtures thereof. The preferred

oxygen r ADSERCE R shegr, are meanycndyacisd; tnehidedin these agp thermalepylaf weight of eci um
VO 98/ ?:ég%lggxer, the copolymer microstructure (hydrophobe content and hydrophobe distribution

PETTALSS along the polymer chain), the hydrophobicity of the hydrophobe, the presence of charge either
in the polymer backbone or on the pendant hydrophobic groups, the copolymer
concentration, the presence of additives (e.g. salt or surfactant)'and temperature. Depending
on the relative influence of each of these factors and the copolymer chain flexibility, both

20 interchain and intrachain associations may occur.

Preferably the emulsion suitable for use as an explosives emulsion is a water-in-oil or
melt-in-0il emulsion or melt-in-fuel emulsion. Typically the associative thickener is dissolved
in th¢_= aqueous or organic phase prior to emulsion formation. Typically the emulsion

25 comprises 0.1% to 3% by weight of emulsion of associated thickener. More typically the
associative thickener is present at a concentration of 0.2 to 2% by weight of emulsion.
Suitable oxygen releasing salts for use in the aqueous phase of the emulsion of the present
invention include the alkali and alkaline earth metal nitrates, chlorates and perchlorates,
ammonium nitrate, ammonium chlorate, ammonium perchlorate and mixtures thereof. The

30 preferred oxygen releasing salts include ammonium nitrate, sodium nitrate and calcium



-8 - nitrate. More preferably the oxygen releasing salt conprises
ammoniumnitrate or a mxture of ammonium nitrate and sodi um or cal ci um
ni trates. WO98/51645 Typically the oxygen rel easing sal tpcryApsdABEs of t he
conpositions of the present 5 invention conprise from45 to 95 %ww and -
preferably from60 to 90 % w w of the total enul si on conposition. In
conpositions wherein the oxygen rel g:is_i ng salt conprises a m xture of °
anmoniumnitrate and sodiumnitrate the preferred conposition range for

such a - blend is from5 to 80 parts of sodiumnitrate for every 100
parts of anmopjum ni_t Therefore, in the preferred conposition the

rate. .
oxygen r@fas peefarably roeeigen selaasing el comprisesammoplyMyBitiAe PR PEKtUFS o
“total e . Rﬁk.%bllwgmd’ | | e or m xtures of from Oto
40 %\N/WSO |ﬂi%19rg}r2 cal ¢l um h"ﬁﬁ.rgg?ﬁelgﬁgmn%y?%dm 50 to 90 % w w ammoni um

nitrate. - Typically the anobunt of water enployed in the
conposi tions of the present invention Is in the range of fromO to 30 %

w w of the toTwpicalijuthei oxygenrpleasing salt componentiof yhet eompaitions oftthe ppesepted i s
f 4. t0 25 % w f | tq 20 % . Th
water § riRvERIon oS fremm 4848 950 ive el arelerahy S 601 0% v o posae

i nventi o ri ; ANk <« Yrilara:ANRS € hes Sd.fN ition
and 1's. (RBPRR boriBosdh. N CduiBitns Wheroll e ofpech RIGHE R fiiiRasld ' o0
al i cycl i mixnie ofi ammivhiuim aireeoamiisbdiml nitraterthetpréferred bompodition rarige Foesuch a he
liquid state at the fornulation tenperature. Suitable organic . fuels may
be choseblend dsnfome toi 30 parteefpodinm, nitratst for eyery, 100,p ynmonjum HEANe,

DaPt R 3 e g et g Bl B o BB 5
oi |'s $§/C45 @0k %%M’ﬁif i B bRl &Jﬁ&o@ﬁﬂoﬁﬂ%ﬁn&iiu&%iﬁh@f&Qﬁﬁmr@@bf‘ﬁfbmoi s,

vegetable oils, fish oils and ot her neral, hydrocarbon or fatty oils and
m xt ur esO tc40 & w/wPsediemrarcatviun mitcatésaidsfram S0l to §0i B Wird amomonbuom pitggerer al |y
referred to as petroleumdistillates such as gasoline, kerosene, fuel
oils and paraffin oils. Typically the organic fuel or

conti nuous ph : | Ce?xﬁﬁ r ks 0 :

preferably 3 tqglﬁ lfgi%%vﬁwnﬁ gyd ?thgem?ro }Jg(a)‘rfrr?pgi;eicf[almgﬁ-sxhﬂn@ngf the p(&%ﬂgg?@lo 45

PCT/ AU985G8 3he range of from 0 to 30 % w/w of the total emulsion composition. Preferably the
15 amount employed is from 4 to 25 % w/w and more preferably from 6 to 20 % w/w.

The water immiscible organic phase of the emulsion composition of the present

invention comprises the continuous "0il” phase of the emulsion composition and is the fuel.

20 Suitable organic fuels include aliphatic, alicyclic and aromatic compounds and
mixtures thereof which are in the liquid state at the formuiation temperature. Suitable organic
fuels may be chosen from fuel oil, diesel oil, distillate, furnace oil, kerosene, naphtha, waxes
such as microcrystalline wax, paraffin wax and slack wax, paraffin oils, benzene, toluene,
xylenes, asphaltic materials, polymeric oils such as the low molecular weight polymers of

25 olefines, animal oils, vegetable oils, fish oils and other mineral, hydrocarbon or fatty oils and
mixtures thereof. Preferred organic fuels are liquid hydrocarbons generally referred to as

petroleum distillates such as gasoline, kerosene, fuel oils and paraffin oils.

Typically the organic fuel or continuous phase of the emulsion comprises from 2 to
30 15 % w/w and preferably 3 to 10 % w/w of the total composition.



- 9 - The emul sifier of the enul sion conposition of the
present in y conprise enul sifiers chosen fromthe w de range

of emul si f;\@?gﬂl E%srvrz in the art fromthe preparation of PEHAU28/4353

expl osive conpositions. It is particularly preferred that the enulsifier
used in the enul si on conposition of the present invention is one of the
wel ! known enul sifiers based on 5 th®reaction products of poly[al k(en)yl]
succi ni ¢ anhydri des and al kyl am nes, including the pol yi sobut yl ene
sicci ni c anhydride (Pi BSA) derivatives of al kanol ami nes. O her suitable
enul si fiers folhespwlsifiehef thenenuilsion compobsition of Ehctprbsenenmennori neay woenprise

1 SR B Wi e ko
o3 MR o 5l e e

pol y( oxyatmulsidhebgipssiGon 66t preseritdhvention Ilsiomms well knofw'ilt éxﬁulsﬂi@ks%as@dTbHe
al koxyl ates, fatty am nes, quaternary am nes, alkyl oxazolines,

al keny| 8xtheatenetion, produatspfipely[alkien)yl] Sucmhiwﬁﬂudpdesmﬁ@kylammes, mcludmg the
al kyl aryl su na ci nates, | aryl sul pnonat es,
al kgl su%/pﬂgié'gse&‘wgﬁl&s“ccmﬁ ?!Iﬁﬂﬂa% gwm Aenvatuéqsk(égé g"ﬂ gg) theg s aat o

o o 3 . | Effsitif fof BRORMIPAuIRn 6Pk RSUA VAT it o8 dRylates phenol

pol y(12 hy roxystearic)acl
t he enul sbflkekylates,tpoly(clyulkglend)glyosls, rpo‘if(ﬁxyﬂkyiléheﬁat% aid\esérs | Aifiine WltoXyRites,

Hi gher proportions of the enulsifyi n? agent may be used and may serve as
t

suppl emenfatly acigbesters of segbitohand: glyperel, tfathy agid salts; sgehitansters, poly(oxjtalkylene)
t h 5 f t ot hi th
oot r edOLrdrBiedt Sty fanh fing ot iites Bé‘ %‘eaésﬁéoﬁ esices, Jetty atly amings.

| evel s of ¢ | soiid S no r p

t he am)aﬁirili'tJ ofl esnil?lldsélngaﬁ(ﬁi I%tgégnt se '?r%gt h nﬁ@éﬁl W?’E&Pg&% the .
emul si on. alkeeyloxazolimksy r ed insidazolinks,enul alknySulllﬂlofm%SI USMkylﬁr)ﬁlﬁlﬁﬁﬁate%nge

of fromO. % w w of the wat er-in-oil emulsion. | f

desi rgd %‘ll‘}ﬁ@Pngﬁi‘icﬁﬁaﬁeS:f u@kymlaﬂmwngt%healkylﬁ@pb@suwmm,r ed alkylphosphates, i
wnt oy AlkERyIBORHares, iiibsp e LRGE ek bbb fiBe ST nbltiuliodtiney Sl afd | "©

i ncl UdQSfpﬁl?(M—l@dfbi&%d:aﬂ@)dcﬁﬁaxﬂﬂﬂM@b@[heﬁo?Cl bl e organic l'i qui ds whi ch
can be used to partially replace water as a solvent for the oxygen

rel easing salts 30 or to extend the aqueous solvent for the oxygen
Iragl.r/eiagg/gOgggg’i’ypigay]?ynﬁlleeeslmﬁglﬁgy 6 th%ee(fx?u glgxrl )(/:ompnses upto 5 \’lépw%/p@}l?edfgmulsmn
Higher proportions of the emulsifying agent may be used and may serve as supplemental fuel
for the composition but in general it is not necessary to add more than 5 % w/w of
20 emulsifying agent to achieve the desired effect. Stable emulsions can be formed using
relatively low levels of emulsifier and for reasons of economy it is preferable to keep the
amount of emulsifying agent used to the minimum required to form the emulsion. The

preferred level of emulsifying agent used is in the range of from 0.1 to 3.0 % w/w of the
water-in-oil emulsion.
25 |
If desired, other optional fuel materials, hereinafter referred to as secondary fuels may
be incorporated into the emulsion in addition to the water immiscible organic fuel phase.
Examples of such secondary fuels include finely divided solids and water miscible organic
liquids which can be used to partially replace water as a solvent for the oxygen releasing salts
30 or to extend the aqueous solvent for the oxygen releasing salts. Examples of such secondary



fuels include finely divided solids and water m sci ble organic |iquids
whi ch can be used to partially replace water as a solvent for the
oxygen rel WA18/6455) t s or to extend the aqueous sol ventrCiroxuss/oessexy gen

rel easing salts. Exanples of solid secondary fuel gjijnclude finely

i

di vided material s such as sul phur, alum nium ureg:tand carbonaceous
materials such as 5 gilsonite, conmguted coke or; charcoal, carbon black,
resin acids such as abietic acid, sugars such.»as gl ucose or dextrose .
and vegetabl e products such as starch, nut nmeal, grain neal and wood

et hanol s e AL diyfied S SRR fsshdl ofGplk S n B FAR 8 b .31
urea andpaftiall§Sreplasé waker as a soRfeli/ forthé'6xygbA releasing salts or td SRiehid the/ acid%@us
optional secondary fuel conponent of the conposition of the presen

i nvent i osolventpfarsthe oxygen eeleasingOsadtsExaroples o€ solid zecondanyofiiels inolude finely
The water,-i.n-oi t emul si on conposi tj on nay be prepared by a nunber of
di 1 1 or endividsd maksls sigheas r aly TEA 2R, ATDIBAGEONS CRRLeTiAk. guch as

di ssol yi ' . ' t,s. b N WAl SF 4 ur ve
he® or 3 Blopte boRiAREa bke S Shlfoal, caffinHlack! ok & ucht o SBRAE At Sl

t enper at gijch 2 Bhicb® orPost afdN véPetilsle F;ﬁ{auéte EuidhCaststargh \ifut RfealOgraipunedl abid
sol ution; conbi ning an aqueous salt solution, a water inmm scible organic

phase, awdodpulpmExamples ofiwater miseibde organicliguigdstinclade alcehols sunh-asrmeshanol,
emul sion;, and m xing until the enulsion is_unifarm 20 . It lies
it el b o heliene et S ek o5 OtREAe snd dess 2 aming AL S on
ot her mngmes or m xtures of substances which are oxygen rel easing

salts or ch are thensel ves sui tabl e as explosive materials. For
exanplie the enul sion may be mxed with prilled on particul ate ammoni um
nitrate or amoniumnitrate/fuel oil mxtures. 25 Q her optional

addi ti ves may bpicaliydhe pptionab secandary duel copipgnent ©f dhgRmupesitigisof the present

Cherm cal P RRSEEATRES rofite 150 % N4 A3pe lcobfpobBo, %' GPchPonat e ei ther
as a separate entity or as a conponent of a conventional redox system

such as for exanple, a mixture of potassiumdichrenate and 30 potassium
anti nmony t ar t The avater-in-oil emulsion composition may be prepared by a number of different

PCTIA 81/119, > :s)’ One preferred method of manufacture includes: dissolving said ox'yg%:% releasing
salts in water at a temperature above the crystallization point of the salt solution, preferably
at a temperature in the range from 20 to 110 °C to give an aqueous salt solution; combining
an aqueous salt solutidn, a water immiscible organic phase, and an emulsifier with rapid
mixing to form a water-in-oil emulsion; and mixing until the emulsion is uniform.

20 | |
It lies within the invention that there may also be incorporated into the emulsion other
substances or mixtures of substances which are oxygen releasing salts or which are themselves
suitable as explosive materials. For example the emulsion may be mixed with prilled or
particulate ammonium nitrate or ammonium nitrate/fuel oil mixtures.
25 |
Other optional additives may be added to the emulsion explosive compositions
hereinbefore described including non-associative thickening agents or chemical thickening
agents such as zinc chromate or a dichromate either as a separate entity or as a component of
a conventional redox system such as for example, a mixture of potassium dichromate and

30 potassium antimony tartrate.



Wt hout w shing to be 1nR@hdd: i Btda@@pced it 1S believed that the associative

-t hi ckener 09%135 ases r viscosity by the non-sol ubl e
moieties of WtTerent aHI |Hu’ml Emckener nol ecul es aBSHAVERP03E
together in the solvent; i sed points of |inkage between the

sol ubl e backbones of the nol ecul es. These associ ations are believed to give

rise to an 5 extensive three-dinensibmal structure of the associative

t hi ckener nol ecules in the solvent, t he 3-di nensional structure acting

to hinder solvent flow and therefore raise the enul sion Vi scosi ty.

~The points of Withoat wishimg 6 be boundoby theosytit ssbelioesd thaetherdssodigtiveatiickhgough

relatively 10 weak physical forces. Under the influence of applied shearing

force, tHBCcrpasenths zeio-shearadscasitydyy the nerrsoluble moietiesof different; associativeshiskneran

- f1 ow nor / th Lsruption onl.y. sybsists . I,le the shearing
force is T@é}%le&s‘&&%}’a@%@ §ﬁ%’2‘%ﬂf’ﬁﬁe TOSYCJ‘Z’ $’§"\gg?ﬁﬂp§%€?ﬂ8§% lHﬁgg%Ec.etween _the
associ at isgfuble backbohadofithe RflécatesOr Théke 458t ﬂ?'aképemeahs glydirfgens! pnal
net wor K. 15 It is believed that the driving force for Yormat_lon of-
t he asso@xsensiveshreasdimensionad strigture oft the assndiativerthickeass moldenles énx drepdodventyher e
t he assocj atiye thickener consfitutes. a hydr ophobi cal ly nodified _ .
wat er - sol'h%bémwpyﬂﬁéﬁt@ﬁ@rﬁ AetngnQ lF‘Bﬁi@'e‘oﬂ‘@P%/ﬁﬁw andtherefore Jaise the gmulsionyy ge
entropic J-&ggﬁf\se (acconpani ed by a small enthal pi c change) arising from
the breakdown?  of the ordered structure of water rol ecul es around the
hydr ophobes as they are renoved from 20 solution. This aggregation is

therefore favoured due to the large decrease in the free energy
resul ting fronfhe peints dbasseciationiare ndtpermanientasdieyrayel only Hotrped\threughcretutivelys .

por y et otk pEysiet orbes (V5 R Bienss o et Sheaing S e POIRES OF ¥PRisRpn

physi cal b Bk tREINIGE &‘h@"h i Egﬂfg :

pol ynol ecclliﬂlar struct yres?elf‘/l\nn%h a @wﬁeﬁ%gyngwg&\?oqﬁﬁg n bﬁgo&l_ys%bgleshst ly,
25 enhanowhilevthe sheafifig fozie i appliedpdf theehearing force is removedAHY pOinBOSOASdatidnNe

I ncorporation Qf an associative thickener into the agueous - phase of an

emul si on cABrapidly berefiormed, rerestablishing the &-dimansiopal network: ovi des a mar ked
viscosifying effect, especially for enul sions having a dispersed phase with
30 a smal|l average droplet size. W have found that the apparent viscosity
of sucfs anyis Bélidved fidt the'Briving ' i Yimaf

o, st It (Biving §0r20 G ormAton df e 84BEIatibHs hat A pimatily
PCT/ AUQ8tikxpuglynamic basis. For example, where the associative thickener 1onstitutes a

hydrophobically modified water-soluble polymer, the driving force for the associations is a
large entropic increase (accompanied by a small enthalpic change) arising from the breakdown
of the ordered structure of water molecules around the hydrophobes as they are removed from
20 solution. This aggregation is therefore favoured due to the large decrease in the free energy
resulting from a net decrease in the number of hydrophobe-water contacts. The aggregation'
in aqueous solution of the hydrophobic groups on the polymer chains thus results in
intermolecular associations, forming physical linkages between the chains. These linkages
produge polymolecular structures with a high hydrodynamic volume and consequently,

25 enhanced viscosification propertiés.

Advantageously, the incorporation of an associative thickener into an emulsion for use
in an emulsion explosive composition provides a marked viscosifying effect, especially for
emulsions having a dispersed phase with a small average droplet size. We have found that

30 the apparent viscosity of such an emulsion may display an increase of 150% or more. We



observed that the apparent viscosity, when neasured as a function of shear
rate, denonstrated an apparent viscosity far greater than for enul sions
unnodi f i edWD\8/&B@5cCi ati ve t hi ckeners over relatively | peralpogossat es. -
The apparent viscosity of the enul sions conprising an associative s
t hi ckener coincided with the apparent viscosities of an unnodified enmul sion
at higher shear 5 rates. This clearhy.shows that enul sions conprising )
associ ative thickeners nay be punped, augured or otherw se transported *
as readily as.standard enul sions yet may exhi bit apparent Vi scosities
far greater t f.or _standard .emul,si ons -at, |l ow. or..zero,shear such as en
| oadad - oBseryed s L anfeyRht Visdosy Whkh Bkl a3 RGO uBRls enfEned <

I ncor por ' isbdsfty SArSieiicy Whn Yo %ﬁ'n'o"di ¥ L&t lo%
"have bee?nﬁo éeﬂ%gld to” be si gniflc_aﬁ??‘g%g%f er t(ge‘gg?gfﬁ%ag ‘t’%gﬁ% h%te()%ls
rel at i vetefatively-owlshear rates. eThe apiparencwiscsity of thecemidfionsresmprising amassociative | n
a preferred . embodj.nent, of the present invention, the associative

t hi ckenefhiskenergoincidadawith the-anparent viscositigs of an swmodified amulsion 8k higher:shear

wat er - icn-0i | &0 ' oy . ! Ve er ved. | of
the. e B T B Lo e soplgions polfpriBiCasRRI R Eiick At oy e WiES, ©
denonst r aigirkd\6f 6MeRAsS rafipoitbd a¥'rdallily 45 Rafdard emblkioh3 Yot inay @sthidif dpphrefit
W have al'so observed that the average droplet size and dropl et

di st ri buviscosities far greter than fanstandardemiilsions at low bmzergehear suctbashwhémipaded
standard, eyl si.ons over tinme. 20 Dynam ¢ shear studi es of
enulsionglggﬂﬁﬁm%9ﬂg the associ ative thickener denonstrate el astic
character in the enul sions over a wi der range of frequencies and strains
than woul d be expected in unnodified enul sions. 25

Advantjggeous| Whenhthee B3sosiatives thickepep qs aﬁddi%)rhﬁﬁ 6 G dispersed Iphasecofthe
denonstrate | ess . rheopectic behaviour than would be expected with

unnodi f i emulsiom, gheodroplets have been observad toghsignifieantly hagderite deformaaithangh ahe

clainms whi,ch foll.gw ,unless the context requires . otherws t he r
conpr i SEAvely gh'shild GBS W rRBing o dERualin s iR 4 PERAEG ) pe
-under st oggbbdimefiPb¥ thé Presest inyestibn)fthe aSdorisfide IthicRaRE i9inédrforal wfd>die Of

I ntegers or steps WO 98/ 51645 -
" PCT/ AU98disperseal aqueous phase of a water-in-oil emulsion. - 13 - _
but n?g t he exclusion of any other integer or step.or group of integers or
st eps. ' '

We have observed that in a number of the emulsions prepared -incorporating an
associative thickener demonstrate increased stability with respect to an unmodified emulsion.
We have aléo observed that the average droplet size and droplet distribution is similar to and
exhibits similar general behaviour to standard emulsions over time.

20 '

Dynamic shear studies of emulsions comprising the associative thickener demonstrate

elastic character in the emulsions over a wider range of frequencies and strains than would

be expected in unmodified emulsions.

25 Advantageously, the emulsions incorporating the associative thickener demonstrate less

rheopectic behaviour than would be expected with unmodified emulsions.

'Throughout this specification and the claims which follow, unless the context requires
' otherwise, the word "comprise”, and variations such as "comprises" and "comprising”, will

30 be understood to imply the inclusion of a stated integer or step or group of integers or steps



The invention is now denonstrated by but in no way limted to the foll ow ng

exanpl es; anple 1 In this exanple, a copol yner of
acryl ani de"%ﬁjwi{lf F4-t- butyl phenyl) acryl am de was used B<T/AH98/00353

associ ati ve thickener. The asSsoci ative thickener-was synthesised using an
aqueous m cellar free radical polynerisation route. The resultant
copol ymer contained no nore than 10 413t nol. of the hydrophobi c nononer.
The effect of anmmoniumnitrate and sodi um chl oride on the solution
properties of the associ ative thickener were investigated. The

concent r abutaivt tie chnioréf aty dthérGiirper oviiep 6r Sup of infey¥rivosieps. ammoni um
-nitrate levels ranging from10 %ww to 60 %.ww. The shear rate 15 range
was varied fromO0.00186 S[err] to 1470 S[err] with a constant delay tine.of

5 sec and an i.nteqration ti of 5 sec psing a Bohl,in VOR rhe ter.
The sanpl es wefB€ éQ&ﬁﬁW@dlsa@‘% dg%onfm‘fioéfng‘&f InSAQ Way i‘f"@tﬂgn@ Q?es?P 1Bg
function am?ié‘é?r tinme at a constant rate. . The results are
shown in Figdres 1 to 3. Figure 1 shows the apparent viscosity at 25[err]C
20 as aSfunction of shear rate (sweep up and down) for 0.50 % w w aqueous

associ ati ye t hi ckener sol utions containing various |evels of anmoni um
nitrate. ws i ndicate the direction of sweep. Figure 2 shows the

2 Fancti on of Dt el n3bboisuft of afiRABHBERENR ARSI porafiile vas °°
sol ut i oNsused as &R MHsScitiPE thickehét! Thé S346diftivef thRIBRYH Wi hﬁkgisé(? uding sﬂ‘?eoﬁbows

the apparent viscosity at 25 25 [err]C at a shear rafe o .583 S err] as a
f unct i on wicellarcfresradinali polymerisationcrontee The aesultantfcopolynted contairféd movmersuthan s

associ gl.i t hj ckene ol uti,ons. The results indicated that in
aqueougbaxﬁﬂptrﬂ%ﬁﬁq L’é‘ﬁ'@p 16 MOBAMEKe associ ati ve t hi ckener of f er ed

significant enhancenent of the viscosity but that under the influence of
shear 30 the associative thickener |led to shear thinning, achieving

vi scosi ties cl Pheeffécoof famoniumpnitréte and sodium chlori®e ohtehe 36ibtion pmferties of the

PCT/ AU98/ 00353, o _ _ - 14-
wat er at ¥sepiativedhiekengr were investignted gThe: cencentnationiafGassociativee rthickienee veasiit. 50
S V\%rv%/@ﬁtﬂ aRimotiium nitrate levels ranging from 10 % w/w to 60 % w/w. The shear rate
15 range was varied from 0.00186 S™ to 1470 S* with a constant delay time of 5 sec and an
integration time of 5 sec using a Bohlin VOR rheometer. The samples were examined as a

function of shear rate and also as a function of shear time at a constant rate.

The results are shown in Figures 1 to 3. Figure 1 shows the apparent viscosity at 25°C

20 as a function of shear rate (sweep up and down) for 0.50 % w/w aqueous associative
thickener solutions containing various levels of ammonium nitrate. The arrows indicate the
direction of sweep. Figure 2 shows the apparent viscosity at 25 °C at a constant shear rate of
0.583 S* as a function of shear time for 0.50 % w/w aqueous associative thickener solutions
contajning various levels of ammonium nitrate. Figure 3 shows the apparent viscosity at 25

25 °C at a shear rate of 0.583 S as a function of the ammonium nitrate concentration for 0.50

% w/w aqueous associative thickener solutions.

The results indicated that in- aqueous ammonium nitrate solution the associative
thickener offered significant enhancement of the viscosity but that under the influence of shear

30 the associative thickener led to shear thinning, achieving viscosities closer to that of pure



wi th the associative thickener exhibiting rheopexy (increased viscosity as

a function of shear tinme) at |ow shear rates and thixotropy (decreased
Vi scosity WO 98/51648cti on of shear tine) at hi gher shear ptaia®9s/00353

Exanpl e 2 In this exanple, a copolynmer of acrylam de and :
N- (4-t-butyl phenyl) acryl am de was used as an associ ative thickener.

10 The effect of sodium chl ori_?lg_on the solution properties of the
associ ati.ve thickener ~were investigated. The concentration of. .
associ ative thickener of 0.50 %ww and 1.50% w w wi th sodium chl ori de

| evel s ranging.frgm5 % w,w to 25 % w The.shear rate range wa

varted fPaR & igh difaeaes it Bt thatl, Soor Sl iR HepetBnCe it e Hrodeemy 5
sec and [ ',&r}m ki ; : ' PrBbdi rTegscy The
sanpl es aeﬂplg;yé%aﬁﬂé aSCk%ne'F Eﬁ?‘%%%@s%ﬂ%dggﬁsé? ate éét?cfy a sg' as a s?’ﬁ%rct ion
of sheartimejrat kiw sheaoratesand tkotropy (decreased viscosTiyasracfunttion of sheahtime) an
Figures 4 to 6. Figure 4 shows the apparent viscosity at 25 [err]C as a
f unct i onhigherssheanrafest e (sweep up and down) for 0.50 % w w aqueous '
associ gti ve . t hi ckener sol utions containing various |evels of sodium
chloride. The arrows indicate the 20 direction of sweep. Figure 5 shows the
apparentEyér'%!rngqity at 25 [err]C at a constant shear rate of - 0.583 1/s
as a fun f shear tine for 0.50 % w w aqueous associ ative thickener

sol uti ons Ircthistexampleg a capolymer bfacriylamide anudNv(dtehuitydpheahyl) deryjamiseovashows

t he apparent viscosjty at, 25 0C at a shear rate of 0.583 S[err] as a

f unct i onuSSE 26 38 A8WGI Fkf0€He concentration for 0.50 % w w aqueous
associ ati ve thickener solutions. 25 . The results indicated that

i n aqueous NaC solution the copolyners offered significant enhancenent
of thegvi scosThy effedt dff3adiutiiélftbrideion thef solition Préferadiasiithé hdyciawy ditkenear

t hi nni ng, achi eving viscosities closer to that of pure water_at high
shear r awers investgateds The concentration of associntivg thickemennf Qléﬂgnﬁé’h and i :50% ¥/wer e

3s°a 7 bt e ek preneimetson . By IS W wi, ThR SRR TS el ket

WO 98/ 51H4Rd from 0.00186 S* to 1470 S* with a constant delay time of 5 sec and an integration
PCT/ AU98/ 00353 - - 15 -

Vi scosi ttimeaef & séciasing aBohlin V@R rheometgr. Fhelsamples wérezxamitedsas a function of

15 shear rate and also as a function of shear time at a constant rate.

The results are shown in Figures 4 to 6. Figure 4 shows the apparent viscosity at 25
°C as a function of shear rate (sweep up and down) for 0.50 % w/w aqueous associative
thickener solutions containing various levels of sodium chloride. The arrows indicate the

20 direction of sweep. Figure 5 shows the apparént viscosity at 25 °C at a constant shear rate of
0.583 1/s as a function of shear time for 0.50 % w/w aqueous associative thickener solutions
containing various levels of sodium chloride. Figure 6 shows the apparent viscosity at 25 °C
at a shear rate of 0.583 S™ as a function of the sodium chloride concentration for 0.50 % w/w
aqueous associative thickener solutions.

25 | |

The results indicated that in aqueous NaCl solution the copolymers offered significant
enhancement of the viscosity but that under the influence of shear they showed shear thinning,
achieving viscosities closer to that of pure water at high shear rates (that is greater than
100/s). Time dependent effects were also seen, with the copolymer exhibiting rheopexy

30 (increased viscosity as a function of shear time) at low shear rates and thixotropy (decreased

T



Exanpl e 3 Preparation of a Water-in-Q | Enulsion 5 A
wat er - i n-o&#ﬂgﬂikg on of the follow ng conposition was prepared_for _use in

the  exa Oxi di ser Solution - 91.5 % w w PCT/AU98/00353
amoniumnitrate (78.9 % w w) water (20.7 % w w)
buffer (0.4 %ww 10 Fuel Phase- 9 %ww

hydcocarbon oil/enulsifier mx (9% w ¥ - - The emul sifier was an
uncondensed ami de form of the reaction product of an al kanol am ne and

pol y(i sobutyl ene)succini ¢ anhydride (PiBSA). The enul sion was prepared 15
by di ssol yispki® A fukéfidh of shedr tirfe) Athiplh Sheariraes.evat ed tenperature (98C)
t hen adj usti ng the pH of the oxidiser solution so fornmed to 4.2. The .
fuel phase was then prepared by m xi ng the emulsifier with the
hydrocarbgn oi] . The oxi di ser phase was then added in a slow stream to
t he fuel EEZEE!_Q.C 98[err]Cwith rapid stirring to forma honogeneous

wat er - i n'?Huaﬂﬁdh%f%’Water—%@Oil Emﬂsﬁ_r{ﬂfl sion of this fornmulation was suitable
for use i si on. ' A first portion of
the wat gr-i n- oiAl watelis-oflrenmlsion of the felfowiag 2omposition waamrtpared fer use in the
associ ative thickener of Exanple 1 was incorporated at a concentration of
1.5 % w wexample; t RxidisprSolsionh®3 % Wwsecond test sanple of the

emul sion. 25 A conpari so test sanple with the control
sanpl e showed that the aégmr@wwm%h%wﬂ ér enhanced the zero shear

viscosity of the test sa%k&.(zg}:yr%me/vppre the test sanple exhi bited
shear thinning as a function of applied shear rate, the test sanple having
t he sane vi scosi ti es baffet (k4 Gowm/w)| sanpl e at hi gher shear rates. Upon
rel axation of the shear _force, the 30 test sanple imredi ately regai ned high
zero sH®ar viscosit yuel Phase -9 % w/Wyp 98/ 51645 '

PCT/ AU98/ 00353 ) ) ]
Exanpl e 4 hydrocarbon oil/emulsifier mix (9% w/w).

-16-

The emulsifier was an uncondensed amide form of the reaction product of an
alkanolamine and poly(isobutylene)succinic anhydride (PiBSA). The emulsion was prepared

15 by dissolving ammonium nitrate in the water at elevated temperature (98°C) then adjusting
the pH of the oxidiser solution so formed to 4.2. The fuel phase was then prepared by mixing
the emulsifier with the hydrocarbon oil. The oxidiser phase was then added in a slow stream

to the fuel phase at 98°C with rapid stirring to form a homogeneous water-in-oil emulsion.
20 Emulsion of this formulation was suitable for use in forming an explosives emulsion.

A first portion of the water-in-oil emulsion was set aside as a control sample. The
associative thickener of Example 1 was incorporated at a concentration of 1.5 % w/w into
the aqueous phase of a second test sample of the emulsion.

25

A comparison of the test sample with the control sample showed that the associative
thickener enhanced the zero shear viscosity of the test sample. Furthermore the test sample
exhibited shear thinning as a function of applied shear rate, the test sample having the same
viscosities as the control sample at higher shear rates. Upon relaxation of the shear force, the

30 test sample immediately regained high zero shear viscosity .



The follow ng chem cals were used in the preparation of the sanples used in
this exanpl e: * E25/ 66T (emulsifier, ex Orica Australia) 5 *
Paraffin WO%16450ri ca Australi a) * Sodi um Chl ori de1008s8/0¥853A dri eh
Chem cal Conpany, Inc.) * Water (MIlipore "MI1Ili-Q G ade) Al ls
chem cals were used as supplied wi thout further purification. 10

The conti nuous phase (oil phase) fangthe conparative enul sions was preparéd
usi ng 30% w w E26/ 66T and 70% w w paraffin oil, while the dispersed i
phase (aqueous phase) was a 25% w w sodi um chl ori de solution. All

enul si o 2, prepared at anbi ent tenperature from conti nuous and

di spersms at this tenperature. - 15 - A Sunbeam Beat er m x

JM 040 five-speed el ectronic hand m xer wth a whisk-type stirrer was

enpl oyed in the preparation of the emulsions. The speed setting used was
dependerfhedallowingdhemicals wereaisedipthe preparationtof thehsampilesused in this example: The

hi ghly goncent.r. enyl.si ons re, prepared as follows: 94g of aqueous
phase 2 msr@sgéﬁ(eggﬁgé%ﬁxégg%A@%ﬁggant |y mixing oil phase over a 5
m nut & &i me Wdffﬁgém ger,ﬁjyl Y é%lfg‘{,%tfﬁira) on and refinenent was then continued for

a further speci p e, with t he emul si on vessel being noved
i'n a ci *cul aiSodini Chlotidei (98-+1%\i AldrichtChemicah CotpangincHt € - di spersi on of
the aqueous phase in the oil phase. 25 Ermul si ons of approxi mately
6[ err] m*aver Sﬁ%teﬂ(M}ihml’elegl-ﬁerraﬂﬁ)epar ed using the highest = speed
setting eed and a.refin nt..ti f 5 nlnutes. An

enul si oré(lg °3Bﬁ$%%eﬁ°a\'%f’fsf'éplﬁ'gﬁr"rm"&gﬁlfﬁﬁépﬁ?‘d B size was prepared using
t he | owest speed setting (Speed 1) and a refinenent time of 2.5 m nutes.
30 WD 98/ 51645

PCT/ A0Q98/ 0039 he continuous phase (oil phase) for the comparative emulsions was-ptapared using

Al | i f i ly 18 dropl et si d

ugi ﬁgu t %@ "wiw E26/66 );'nﬁb% wiw parz mro]ilr,n while rth%gd?speltsg pgases(laéueeo\;lxvsa.ghge)ea/%sr ©
a25% w/w sodium chloride solution. All emulsions were prepared at ambient temperature

from continuous and dispersed phases at this temperature.

15 A Sunbeam Beatermix JM-040 five-speed electronic hand mixer with a whisk-type
stirrer was employed in the preparation of the emulsions. The speed setting used was

dependent on the droplet size required for the emulsion.

The highly concentrated emulsions were prepared as follows: 94g of aqueous phase

20 was slowly added to 6g of constantly mixing oil phase over a 5 minute time period.
Emulsification and refinement was then continued for a further specified period of time, with

the emulsion vessel being moved in a circular motion during this time to ensure complete

dispeision of the aqueous phase in the oil phase.

25 Emulsions of approximately 6um average droplet size were prepared using the highest
speed setting (Speed 5) and a refinement time of 5 minutes.

An emulsion of approximately 12 um average droplet size was prepared using the
lowest speed setting (Speed 1) and a refinement time of 2.5 minutes. S |
30 |



| owest speed setting (Speed 1) and a refinenment tinme of 45 seconds.

These: enul ), id | hereon be referred to as Emul sion S6, Emul sion S12 and
5 Emul si on S18 respectively. The PCT/AU98/00353

acryl am de/ N- (4- butyl phenyl ) acryl am de copol yner used to thicken the

I nt ernal phase of the enul sions obt ained froma free-radi cal

copol ynmeri sation in an agueous mceflar nedium This polynerisation

t echni que produces a copolyner with an essentially 10 bl ock-Iike structure,
wi t h hydrophobi c regions being dispersed along the hydrophilic polyner
backbone. It iAniemulsion@ftapproximaelyol pymaverage dropletisize avas prepareditising theni t h.

pol ynmer chai [ Osd. ti : rangi from hydrgphobe, rich to pure

acryl am 3‘8?”?‘ speed selifig 8%@%6‘3@? F‘?&Ff‘“@cﬂqtﬁﬁi $fendss prepar ed by

di ssolving 1.5% w w of copolyner in 15 a 25% w w sodi um chl ori de sol ution
using gentle magnetic stirring at ambi ent tenperature. The °
thi ckened enul Thesesemelsionp rwitlahiereor bk ngfeprededt asEmalsiste S62 Bamilsibh 1 22nd OF
standard emu] si ons. However, due to the increased viscosity of the

di sper st cErpulsion Sldwgspectivelyanpunt s of the copol ymer/salt sol ution were
continuously added to the oil phase in the 20 enul sion vessel until all of

t he di spersed phase had been added. This occurred over a 5 m nut e
peri od. The acryrhide/N(IbRBApHRY Badty Bifd %Pb?’t Fﬂé\&ﬁ t pﬁ@,q
setting (Speed 5) on the m'(xer .Bﬁlp ¥h 4 | [g%e‘%#egrt;ﬁ SI onsth(?) al

appr oxi mgpthemby of [ther efunlsioha|veasr dbtaiaed! fiodh ar fréewradivak copotpnetshtiof iifl in2dueous
refinenent, ti' mes of 40 _m nutes, 10 mnutes and 4 mnutes 45 seconds
r espect i Vv@icgllarpgediurg. | This pofyanerisation technigue prpduees-ascapelymerovitiren essentiallyon

T12 an St ' A . . . The,measuring system
utili sg%%ﬂkzll“%%rr%é@ﬁelr’ ?‘;‘n@‘mb@é%% r%%l}sibﬁlw;ﬁﬁgr%?%aﬁmﬂr%pﬁx‘& ROIVIPG ess
steel coryuekbéne: Dyikibalieved(thdrkhe @ EVisfﬁP)fd" r0inGHange S hét Bty
15.4 nm 30 and a bob of dianeter 14.0 nm ‘The l%ﬁéege of the bgg?’\%\)ggﬁ%om cal
W t h coneompgsitions pangingfrom hydrophobe yich 38 pBrecatSylamide.
PCT/ AU98/ 00353 - 18-

The copolymer/salt solution was prepared by dissolving 1.5% w/w of copolymer in

15 a25% wi/w sodium chloride solution using gentle magnetic stirring at ambient temperature.

The thickened emulsions were prepared using essentially the same method as for
standard emulsions. However, due to the increased viscosity of the dispersed phase, small
amounts of the copolymer/salt solution were continuously added to the oil phase in the

20 emulsion vessel until all of the dispersed phase had been added. This occurred over a 5
minute period.

All emulsions were prepared using the highest speed setting (Speed 5) on the mixer.

Thickened emulsions of approximately 6um, 12um and 18um were prepared using
25 refinement times of 40 minutes, 10 minutes and 4 minutes 45 seconds respectively. They will

hereon be referred to as Emulsion T6, Emulsion T12 and Emulsion T18 respectively.

The measuring system utilised in all measurements was a Bohlin VOR rheometer with
a stainless steel concentric cylinder (C14) geometry consisting of a cup of diameter 15.4 mm
30 and a bob of diameter 14.0 mm. The base of the bob was conical with cone angle 150°, the



pur pose of which was to mnimse any end effects on the flow of the sanple.
The 86.6 g.cmtorsion bar was used for all shear tine, shear rate sweep and
flow rel axMaWs1essasur enent s, together with the oscillatorycipangpesents of

Enmul sion T6. 5 The oscillatory nmeasurenents on the remai ni ng enul si ons :
enpl oyed the 18 g.cmtorsion bar. Each was selected to ensure maXi num
sensitivity. The avail ghge nmet hod of measurenent enabled the”
shearing of the emul sion sanple at each particul ar shear rate for a .

specified tine, prior to the nmeasurenent at that shear rate 10 being taken..

This initj i 0, e- [ I fl.oes Taking the

reasur omebos? SF WG VallogpiiR ahy spd SRl IR IOE Rt e, oy o

i nst ant aneous torque’ readi ngs taken over a specified tine period to

~ produce the reported data value. This period of nmeasurenent is known as
the integrati dthet 86n6. g.cml forsion barTwas usedqfor all ghedr tims mweﬂmaweﬂﬂ lagd

prior to the i art of each nmeasurenent wer e

pr ef o][ ma@oéw top meamuserments, toggther, with the oscillatory measufﬁ@elgﬁ g%ﬁﬂr{g iéosi ty-
h
e ood i cifiery' EaslBbel @ 6R Uil Uhluidtbns extBlof & e 8% L) BllidiFbars "o

shear ed Eachiwad séledted t énstfedmakifiiiin setsitivitpd data col lected at fixed
intervals. A shear rate of 0.581 S[err], together with a delay tine of 5

seconds and an integration tinme of 5 seconds, was used in each
measur enent .

was per f or med W@Yﬁ‘ﬁmﬁn‘;{&% ﬁ%@e@;&ear b g{eelﬁri‘gasur Sy Onﬂ&ggﬂmelwl ston
Vi SCOSI t ¥y @aﬁﬁﬁla} Sh&H réSbr 2 é@ﬂecfﬁﬁx@n?nﬁx‘ {¥cthe m&?ﬁﬂeﬂﬁm Ithth?t %%5%@”‘3“"

gave an I nditation o the structure tornation and relaxation o

enul sﬂ@%eiWemt €This dhitial pesiod b pressieear is Rfiown as the rdzl@ppmeen'll‘akmgabesl ty
of each enul sion was then nonitored over tinme, (days), wth

08/ 51645 measurement at a particular shear rate involved averaging a number of instantaneous torque
PCT/ AU98/re%9§x§§ taken over a specified time period to produce the reported data value. This period

of measurement is known as the integration time.

15 The torque signal was zeroed manually prior to the start of each measurement.
.All measurements were preformed at a temperature of 25°C.

The apparent viscosity as a function of time was recorded in what will be referred to

20 as "shear time" measurements. For these measurements, the sample was continuously sheared
at a single fixed shear rate and data collected at fixed intervals. A shear rate of 0.581 S,
together with a delay time of 5 seconds and an integration time of 5 seconds, was used in each

measurement.

25 The initial shear time measurement on each emulsion was performed within 15
minutes of manufacture and the apparent viscosity was monitored over a 5000 second time
period. This measurement gave an indication of the structure formation and relaxation of the

emulsions immediately after manufacture.

30 The apparent viscosity of each emulsion was then monitored over time (days), with



-19- one shear tinme neasurenent being taken at the begi nning of the
day of int&@&g/g th the duration of the neasurenent being 500 seconds.
Shear rat b‘é‘gmmere perforned over the fill shear rate P&TH980035300186
S[err] to 1470 5 S[err]. Two types of shear rate sweep neasurenents were
conduct ed. The first involved the sequential step-w se

i ncrease of shear rate to high shear- ¥at es foll owed by the sequenti al
step-w se decrease of shear rate back to | ow shear rates. These will be
referred to as "Up-Down" shear rate sweep neasurenents. An integration tine

of 5 10 sfeodhéar Vi meRursnieht beingatakernatoche lbeginning, ofvthé Iday & litgrest, wish dfe 5,

30, 60, 180 and 600 seconds were used for each enmul siron. These
measur ensivratiopeefethe measurement being 0 seconds. dest ruct urati on and
restructuration tinmes for the enul sions. In addition, for

Emul sion S6 only "Down-Up" experinents, in whi ch t he shear rate 15 was

sequentially dﬁfeﬁﬁ >Ret fn&Fove e

conduct ed, ena %ﬁ%’ﬁi&c’% g@l son do?“%p Wn and%Hf@go%‘ﬁaguﬁdgmt S.
These neaUr Twertiypes of shearcratoswhiep tmehsurenientsiwere stiductedat e ranges, nanel y
0.00186 S[err] to 0.116 S[err], 1.16 S[err], 11.6 Slerr], 116 S[err] and
1160 S[err] respectively. These neasurenents gave an indication of the

30°° "2 TR0 BRivePh SedRila et s iinBlss O sBlar i R HRE PR >
be referrgfloled ® tﬁe sequ uentdl §&p-witk ‘ﬂeéﬁéﬁ&%f%ﬂé’:ﬁ'rra&%kww shER Thte€ "ahkse

I nvol ved the gradu crease and decrease of the shear rate over the
shear rat\exllrmngferrednmks T Up-Dowre rshearsratecswiiep gueassremensd A imegration time of 5l n
contrast to the previous, shear rate sweeps,_ these rreas renments did no

r equi r &0 cfereRdsawas employed dor-all measnurerments.owhile @eﬂaenmew By 39ned, k& an e

e T S 0GB o . T WS BRTE Shitsor B
S[err]) aqdtritaratidn @hd QestidrPhttdtl imbofd? thetémsns] ) . The sel ected sweep

time was 600 seconds, with the entire neasurenent involving an increase
"in shear rate over 600 seconds followed by a decrease I n shear rate over

?’Cfl'ygbgg/r Oggg anead%?tgosn, Zﬁmufm coglgl %nfyn'ﬂown p" expenments, in whict\ll\glegs /eir)rlgg'eS

15 was sequentially decreased then increased in a step-wise fashion, were also conducted,

enabling the comparison of Up-Down and Down-Up measurements. These measurements
were conducted over five shear rate ranges, namely 0.00186 S* to 0.116 S*, 1.16 §*, 11.6
S, 116 S and 1160 S respectively. These measurements gave an indication of the shear
rate range over which most destructuration of the emulsion occurs.

20 |

The second type of shear rate sweep measurement, which will be referred to as a

“shear rate sweep under continuous measurement”, involved the gradual increase and decrease
of the shear rate over the shear rate range, with instantaneous readings recorded throughout.
In contrast to the previous shear rate sweeps, these measurements did not require delay and

25 integration times to be specified by the user. These measurements were conducted in each
of the three rheometer gears, namely Gear 0 (18.2 S to 1460 S™), Gear 1 (0.182 S to 14.6
S?) and Gear 2 (0.00182 S™ to 0.146 S™'). The selected sweep time was 600 seconds, with
the entire measurement involving an increase in shear rate over 600 seconds followed by a
decrease in shear rate over a further 600 seconds (1200 seconds in total).

30



-20 - Fl ow rel axation, or stress rel axation, experinents

I nvol ve shearing the enmulsion at a specified shear rate for a specified
peri od of WDM/SI@Bus appl yi ng an accunul ated strain to thepcr/auegiysss on,

and nonitoring the decay of the torque on the bob for a specified period of =
time foll owi ng the cessation of shear. The neasurenent gave information
about the recovery of 5 the enul siopgafter shear. The )
fl ow rel axati on behavi our of Enul sion S6 was studi ed nost thoroughly. For -
this enul sion, shear rates of 0.116 S, 0.581 S, 1.16 S[err], 4.61

Slerr], 11.6 . . . rr]
wer e enpl oyed ﬁ‘g‘%@ er %%tr% S Sergr .?tll né?kg%négﬁg é%vg %‘E[sﬁxg#cp eéé%%%%?;lo
The rel axpdcified shewe ram for 0speifiedperidiOofStine, has applging Ghaxainnglated $ruimSo W €

then nornalised by dividing all shear stresses in each curve by the
val ue of emision, rapd moniwringthe:decay of dhejtoaque on thg ob\fpn g spesifiedeperindrafaime on

of 0% Tl B2l o e, o o0 BBl Sl edOEffr °

times af ﬂ;gotaglggmﬂ%eﬁg}%aﬁoo seconds were used. The rel axation was nonitored
over a second ti1me period and normalised curves were al so produced.

Two types of oscillatory nmeasurenents were conduct ed. 20 The first,
known as.an "QOscillation Test", measured various dynam c vari abl eg,

i ncl uding G (Rxsélpyé@laamh@bﬂiormofmgommgw%ﬁmmw%-gFpéthiq,' O
ona. 400, CEUISERE SeRERS of 0 uBisy pIRL ™ 1B SO SR B gl B 605

respecti geland VEH0ES-eWRIOMAslof &l topBmEr with ahekraiRey oF 30 secondiCdnid! 600! seforfdk. t he
sanpl e occurred only during neasurenent at each frequency. 25 i
The sdéofHe relpmtio wasmenitered fior, 100nszoondss Ehe'i8laxation Suwespwererthers norblis¢d

(b 1o £ obY GGA] Shedt piresses 1 e GHErScly F Volu Gl O BT res (0B
ver e eTPURKERe il compaa el BelBIGEP' o oG Using plots of can [err
PCT/ AU98/ 00353
For remaining emulsions, shear rates of 0.116 S*, 1.16 S, 11.6 S and 116 S* with
15 shear times of 30 seconds and 600 seconds were used. The relaxation was monitored over

a 200 second time period and normalised curves were also produced.
Two types of oscillatory measurements were conducted.

20 The first, known as an "Oscillation Test", measured various dynamic variables,
including G' (storage modulus), G" (loss modulus) and phase angle 8, over a frequency range
of 0.004 Hz to 20Hz. Amplitudes of 10%, 20%, 30% and 40%, corresponding to strains of
0.0206, 0.0412, 0.0618 and 0.0823 respectively, were employed for these measurements.
Oscillation of the sample occurred only during measurement at each frequency.

25 | |

The second type of measurement, known as a "Strain Sweep”, measured the dynamic
variables over a range of strains, namely 0.000206 to 0.206 (0.1% to 100% amplitude).
Frequencies of 0.1 Hz 1 Hz 10 Hz and 20 Hz were employed.

30 Results were interpreted using plots of tan 8 as a function of frequency and strain



-21 - respectively. This is due to the fact that tan [err] = -G'/G .

Thus tan | 6118151635 I ndi cates that the emul sion is behavin
predom nantly as a viscous or liquid material, which tan [eF?’?’A&’W‘m”
i ndi cat es el astic or solid-like behaviour. Finally, tan [err] = 1 marks
the transition from"flow' to "oscillation" of the emulsion. 5

" Three further points shoul d be noted-2br all neasurenents. Firstly, wth
t he exception of the initial shear tinme measurenments, rheol ogical
measur enents were not conmenced until one day after the manufacture of
t he enul srespectiVelys Thisds duefo the fact et ltaredl =6.GV@t.e Thiis tan & eqlindiddtésithat the be
attained. Secondly, any data point with a torque range of less than 1.0% 10

was consi ereRlsignis,behaving pedominantly asia yiseousis liquid material,iwhich tamd <Heindigates

‘pr esent ed ' BYTRY e Lon, sagpl e was, used for.each " |
measur erre%l??ﬁd;g{' F%l%ﬂ like ggﬁ‘@‘%&) trJTF hﬁhg’ &'?lr gg't'le&/ marks %M&H’W\frpﬁb aHO¥ AP ng

t 0 accountogillatioheaf the ennflsiynof t he sanpl e. Dr opl et sizing of
each emul sion was performed using a Mal vern Masterizer and a 15

magneti 8ally stirred cell. The general procedure for analysing an enul sion

was as follows The cell filled with paraffin il and a background
readi ng t aken. TAreg fiather pointy qpom@lfslbenoteg,fm %!{WEH iy g with the exeaptions a

oot aken. "7 : . ! !
ndded 1 o P e el Sifar B Vidsinehept, Shealfiiod sidmuremeiishdrd 5 Eltpfihoct B ©
suf fi ci enpne day eiffer ahd aRntiftdbedf thoeriulesh. Aftielengtt 6PiRE bAMIGPIRYRe bf

stir for a short tinme 20 (around 10 seconds), the stirrer was sw tched off
and a neaequilibrum to bewtirined| Yecondisn. any data point with aforque rangel of lessrthdmt10% ed

emul si Qps, further sure ts re taken in five mnute i nteryals for
o 5 N wat onsten T B8 reliable Sndh g aheetore omisted o ik aia presemiEt. FRALL,
» q | . . .
ot er val o Se et \RHE Vas W30 for b i SR PinEnt b A ReStls Chud 0E ditellt ©
" size of témmpared siithoat havilgptonazsoum ferisiedehistoryref the sample. The dropl et

size distributions of these enulsions are shown in Figure 7, while their
aver age droplet sizes (on the day of manufacture) and apparent viscosities

caui 11 br i um or pvelet R0 el Wil sitobhdPusibe s BHy Mesk 288 At

att ai neg) ticaly Qetréd'celPPTRe al " _ : .
PCT/ AU98/ 00%5-3 By Qftred'ce general procedure f6Pafialjsid$ 4R emulsion was as follows

'The cell was filled with paraffin oil and a background reading taken. A small sample of

emulsion was collected on the end of a Pasteur pipette. The magnetic stirrer was: then
switched on and emulsion added to the paraffin oil by shaking the pipette in the oil until a
sufficient concentration had been obtained. After allowing the sample to stir for a short time

20 (around 10 seconds), the stirrer was switched off and a measurement immediately taken.

For freshly manufactured emulsions, further measurements were taken in five minute
intervals for a 2.5 hour time period so that the stability of the droplets could be monitored.
On subsequent days, measurements were taken in five minute intervals over a 15 minute time

25 period, allowing the averagé droplet size of the emulsions to be monitored over time.

The droplet size distributions of these emulsions are shown in Figure 7, while their |
average droplet sizes (on the day of manufacture) and apparent viscosities (as measured on
the second day, at which time it is thought than an equilibrium droplet packing, and thus a
30 stable apparent viscosity is attained) are listed in Table 1.
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TABLE 1

Average dropl et size and apparent viscosities for standard and

t hi ckened WO#8SI@8s of various droplet size 5 PCERtosbBRS
Aver age Dropl et Apparent Viscosity

Slze([err]n') (Pa.s) S6

6.18 180  _9g. S12

11. 04 90 S18

17.72 65 T6

6. 09 500 1 - T12

11.19 00. TABLE1 T18

18. 24

dat a,

I ze

an

e droglet sﬁ'z%%axd darpémfcnt' viscos

t he aver ageAJregap% et

et size

G st romthe
gtl‘l gﬁt [ on:{l;:h(i of

Enul sions S6 and T6 are \thtckenétbanhlsmmtotlvaﬁonﬂ'ﬂnmlarmzdl fferences in

r heol ogi cal

to the |ncorporat|on of the

|nto the di sper sed

Y. W aY 1 =
SIZ=ama—TIZ2;

da
IMUVWVC

15 behavi our as di scussed bel ow may be attributed predom nantly
"~ associ ative thickener

phase dr qptrets—For—Emot-stons er—whtte—possessT™
simlarSqverage Bmopsiant sizes| it AserapeDseplet i n F| gur ApparehtaViscosity
droplet gize distributions of jthese two emyl si ons Ar e S|gn| i,l cantly
different}, with the thickened emnul i spl ayi hg a wi ddPad st ri but ijon.
Simlarly, Emulsi 086 SI8 and {18 exhi bit.simlar 2p aver age gbopl et siZe
but signilficantly OPfferent ddoplet sij 518 st ributlons. Thud®0for thes

| atter emul si on any obsenqved diff ces in the rheol ogifal behavilour
of the cdrL SR oa ?f Qﬂand thi Pnened_emigéﬁms_my_te
partly dye to thi ssfgfference | n dropl gy—,gl ze dl stributiggs in addit]ion
to the irnjecerpe r-e—t-h-ckerer—i-at-ot-t-he—pit-erral—phase—|

dropl et s. Tabl e 1 cI earl ys ogtows t hat{ i ncorpor gpgon of
associ at iy mterrred pllaac d up: ets—of—amenutsign
has a b@ar espeti.d®1y for the enul si @08 of

appr oxi ne aro et ST 2T
pp P 1824
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As can be seen from the data, the average droplet size and droplet size distributions

of Emulsions S6 and T6 are very closely matched. Thus any diffetences in rhedtogical

15 behaviour as discussed below may be attributed prcdominantly to the inconpot_'ation of the
| For Emulsions Sl_'2' and T12,

however, while possessing similar average droplet sizes, it can be seen in_ Figure 7 that the

associative thickener into the dispersed phase droplets.

droplet size distributions of these two emulsions are significantly different, with the thickened
emulsion displaying a wider distribution. Similarly, Emulsions S18 and T18 exhibit similar
20 average droplet size but significantly different droplet size dlstnbutxons Thus, for these latter
~ emulsions, any observed differences in the rheological behavmur of the correspondmg pairs
of standard and thickened emulsions. may be partly due to this difference in droplet size
distribution, in addition to the incorporation of associative thickener into the internal phase
droplets.
25 | | |
Table 1 clearly shows that incorporation of as_sociative thickener into the internal phase
droplets of an emulsion has a marked viscosifying_eff_ect, especially for the emulsions of

approximately 6 .m average droplet size.
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The. st andar andG#%ickened enul sions display sinlar behavi BGF/AYARRN353t eady
shear flow, with both sets of emulsions exhibiting shear thinning and

t hi xotropi ¢ behaviour in their apparent viscosities as a function of
shear rate. In addition, the enul sior23ef |arger average dropl et si ze,
bot h t hi ckened and unt hi ckened, display sone rheopectic behavi our,
especially 5 when long delay tinmes are enpl oyed. : The

appar ent vi scogheisemdad dnduhivkensd Shulsiofls dispRy sinila behaPiBuP finder S¥ady Sheéarar ©
gi ven in Figure 8.° The displayed curves were obtained using a second

del ay ti nBownwith bothcsstscpf emulsions eyhibitingrshedrthinaing and thixotrepiertichaviver infthéine
d ' |l five delay ti for, 10 h of, the_th
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mer gi ngSatwhei donig dpdestimehaereniployl. Thi s behaviour is believed to be
attributed to the relative deformability of the droplets of the standard
and t hi ckened enul sions. The fact that the sweep up curve of the

emul si on cont aidj atiye.L5 thic er,J.jes above t of the
standard enul si n%@&%@ﬂ%g{: lwga&ds{‘%?s ?ﬁé“#‘ﬂl‘ﬁ rate are given
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standar d @tegrationdimpuanidniy represenkative of dhecurves prodacedsing lb Give idefy trimeskfoned

emul si has | ess,.tendeng o flow as_a result of the decreased
def or b F%Cf‘ffé‘?e thres capANGn ‘%HP'e'r WS e e fignrecleanly iliastrates thatshe sweapcup curve

def or mat i g} : t I L.on ul d.be

expect ed, ﬂis}i tﬁ% éﬁi{&ﬁ%rx;eg rlgg lg?l_lss's g%%gp atg(;ryetgg g@ﬁgmﬁ%@%’éﬁ?’vﬁrﬁ é‘&aég’ilgff&&% to
the i ncor sheantiteSwedp ap,swith #id oiftvésimelgneht He RigheSt sheleFa®sO Phis behaviour is
effectively "harder” and subsequently nore difficult to deform than the
dr.opl et s bgliaved to be atrihnied to thevrelative deformabiligh of itheadroplets of Hevstaredard ahd s

i ncreased,tesi st ance to defornation is overconme, and the droplets of
the thi ck@#@‘%‘%‘ﬁ&?‘@%‘ﬁs ﬂFf“ﬁ@&%W&P&“@FM (the; CTBYISIOR; CONEAIRIAG ASSPSIaBYe t he
st andang ' t GG )|

Cioar ot ke 0 abve Bl i pdfdald eptRR inciPorEl AP ool (R B i,

di spl ays ¢mulsimsduiviintreasedi resistahcet tov deformation. t Thus dhe bfsaréritariskily of the
enul sions, . | ndegd, ih.i s observation is generally observed for each of

the enul sH¥iKenes exmisions Jrmain, higherethan Jor éhe standsrd emulsionsdduring thenshear rate
cont ai ni rivaR 3B AL Bckened iR BaF e eBhY so siiy B rekuR g b rs ok ng

{/\16353 8; g%ﬂﬂgﬁrﬁxmm}i BE " NRIISIbA dRopIERS PHis MteLle LTt RR o 2B miafion of the

PCT/ AU/ dropless of the thickened emulsions would be expected, since these droplets are of greater

apparent viscosity due to the incorporation of associative thickener and are, therefore,

effectively "harder" and subsequently more difficult to deform, than the droplets of the

standard emulsions. At high shear rates however, this increased resistance to deformation is

overcome, and the droplets of the thickened emulsions are distorted to a similar extent to that

25 of the standard emulsions. Consequently, the sweep up curves coincide at high shear rates.

In addition, Figure 8 shows that the thickened emulsion displays increased hysteresis relative

to that of the standard emulsions. Indeed, this observation is generally observed for each of

the emulsions of different average droplet size for all delay times employed. This suggests

that, once deformed, the emulsion droplets containing associative thickener regain their

30 original shape and packing less rapidly than the droplets of the standard emulsions, that is,



-24 - t he thi ckened enul sions display increased resistance to the
reformation of structure follow ng destructuration at high shear.

The shear WPP8S1648s a function of time foll owi ng cessati onpei/a®@sme@epnds of
shear at a 5 shear rate of 1.16 S[err] is shown for each of the standard
and thickened ermul sions in Figure 9. As can be seen fromFigure 9, the
initial shear stresses observed for_ghe thickened enul sions “are greater
than those attained by the correspondi ng standard emul sions. This behavi our *
S believed to inply that the thickened enulsions tend to display

I ncrease St avi r ti.ve to t e t andard .emul siops,. This

t endency e difRtaet| coliins Bfplay insyfeSesivants ol B2 StpgECRTowiz,
shear Stﬂ&%cﬁﬁiﬂﬁrﬁdtrlﬁﬂx feagach of the emul sions. For exanple, Figure 9
shows that the stress Taintained by each of the thickened enmul sions is

greater than that of ‘the correspondi ng standard enul sions. Indeed, this
was the case r-all of the shear .rates, égdlnthls st udy vmth
the trend bei KBe MSRESIESHAT & fincgien pﬁemecmqux&gﬁpﬁse o4 secandsof shear atia

ol i SnsepCReS T bR RRh YO R0 s i REpd kRSl o ghle S

as evi deggesh wsetemmﬁt FighR'Y, &h@fmﬁdl Shear strésty/Gefed tfb@théttﬁx@[ééﬂeﬁ eRfRionO NS
being greater than those of the thickened emulsions. This is believed

t o i ndi careegredten tllanehqsheaalned by gl cm‘raspmmgasmﬂalﬂ)emulqm.kl'ﬂus behaviwr is
st andar nmul, si on rds hat,.t he thi cken si.ons are
e o haiered 10 Pl Gt shibkSied Fonil o tend 18 displiy hiessed Sl BeBRVIONn| o

ohi'ch agliaRls, @“m@et%@wﬁﬁ?ﬁmﬂks'n ® enBley s e supPolo L EEERafhg s
ener gyot plaeai hﬂuéstcﬁmﬁtastﬂmesmh§maiﬁmneﬂhgeeachlomie/ahulaaﬁs Pyr eeimple Figare

again i nd| cate the I ncreased el astic behavi our of the thickened
rel at i ve9 showsbatghe stiwess anaintained by each of the thickened emmisiensap geaater dhan that efcened

o Do B RsPirotns Rt etPidis, ToaRels s Sk ot e 97 Al P B Gb s 1 ¢
consi der @iyhiBfedih this Bk iith e fredd!Béih Bbre bparal e hieModbr SRR Rhed Taleh  Udes

reveal ing that the ransition fromflow to oscillatory behaviour for the-
enul si onk additions the normhlisedfouecpseshow thatr the refanationanfi nhg thmnedmmlsxonsls

T t f f 0 | i Fi 10
i gp gﬁ r gcantl E)&@Ir 8@%135 @r the standard eml?ls:ogl?,nag evndu nced by axeogvl\'gdlét?ts 0 %r © N
PCT/ A8, Q03¢ the standard emulsions being greater than those of the thickened emulgﬁ_‘ins_. This

is believed to indicate that the shear stress is dissipated more quickly for the standard .

emulsions or, in other words, that the thickened emulsions are more capable of maintaining
the accumulated strain. In addition, this suggests that the thickened emulsions "solidify" at

20 increased strains, which ag'aih shows that the thickened emulsions are able to store more
energy than the standard emulsions. These observations, by definition, again indicate the
increased elastic behaviour of the thickened relative to the standard emulsions.

The standard and thickened emulsions generally show very similar behaviour under

25 dynamic shear flow. Both sets of emulsions display significant Maxwellian behaviour, with
consideration of tan § as a function of frequency at several amplitudes revealing that the
transition from flow to oscillatory behaviour for the emulsions occurs at higher frequency for

increasing amplitude.

30 Tan & as a function of frequency at 30% amplitude is shown in Figure 10 for ail



.emul si ons prepared in this study. It can be clearly seen fromthe figure

that the fr which the transition from predom nant}é%J Vi SCous to
primarily e a i C sbehavi our occurs is si gnificantly decr BGT&Pop/89358 he
t hi ckened relative to the correspondi ng standard enul si ons. This was the

case for all anplitudes studied. In fact, for the thickened enul sions, the
value 5 of tan [err] remains bel ow uﬁﬁt‘y over the entire frequency range
studied in many cases, that is, ~the thickened emul si ons di spl ay

predom nantly el astic behavi our over the whole frequency range. These

- obser vat i enmalsiohe prepyred lin thid stadye It ban be clearly aebreframi the figarehaetht fréqueiicy at
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T12. It ¢ ecle rI see omthe figure tha af or enent.i oned
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the invention has been expl ai ned in relation to its deferred enbodinents it
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is intended to cover suc | catlons as

appended ¢d ptimarily viscous behaviour occurs at higher strain for increasing applied frequency.
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Tan & as a function of strain at a frequency of 0.1 Hz is shown in Figure 11 for
15 Emulsions S6, S12, T6 and T12. It can be clearly seen from the figure that the
aforementioned transition point occurs at higher strains for the thickened relative to the
standard emulsions. This appears to be the general trend for all pairs of corresponding
emulsions at all frequencies studied. These observations again imply that the thickened
emulsions show increased elastic behaviour relative to that of the standard emulsions.
20
While the invention has been explained in relation to its deferred embodiments it is
to be understood that various modifications thereof will become apparent to those skilled in
the art upon reading the specification. Therefore, it is to be understood that the invention
disclosed herein is intended to cover such modifications as fall within the scope of the

25 appehded claims.



1. An enulsion suitable for use in the manufacture of enul sion explosives,

wherein said emul si on conprises at | east one associ ative thickener

i ncor por atWe®ssH4¥d» an aqueous phase of t he enul sion. perravesieosén

enmul sion according to claim1l wherein the associative thickener conprises a:
chai n of hydrophilic material soluble in the aqueous phase of the

enmul si on, and hydrophobi c noieties _3¢.insoluble in the aqueous phase which
noi eties are dispersed along said chain or are present as term nal :
groups. 10 3. An emul sion according to claim1l wherein the associative

t hi ckener conprises bl ocks of hydr ophilic co- chr‘ﬁer‘pr-e’par-eele_h smal |

anounts of hydrophobi ¢ conpnoner. 4. An enul si mll Ial m 3
wher ei N The il @efinkig tteRptntity areSasToRews;ed from LS m ’! ted
fromthe group consisting of vinylpyrroli done, Vi nyl "ackt & e, H aerykam de,
ethylene gl ycol, ethylene oxi de, vinyl alcohol and propyl ene egcoI and

their h|||c rivatives. ion accarding to claim4
wher ei n fhg“ lé‘BHéBng‘E SOy the gne@?ve&rea?ﬁ ylsion, emgswsw%\ i ng
of N-a I yl)acrylamde N-(4t-

but yl pﬁeny {oglccr% pgfrinésdat%‘%gt Gie %s&éﬁ i5| on" according to claiml wherein
t he associ ative th| ckener is a copol ymer of. acryl am de and

N-4-(t- butxﬂ)phenyl acryl am de conprising | ess than 1% mol % hydr ophobi ¢ 25
cononone?.. An emulsion, acmdmgﬁos:lasm hiwbereif thg associatine thickenne comprisesa abain ofi on

nasoci at PHESREREA SHible 7B eous s o el and PoefprRobic fadigtes 1y
wh h

ori ginal ﬁﬁ?s@%@%‘e&’ﬁ@%‘*ﬁ %‘S’F‘ *"%ear *3?‘2’%“’?‘ SHa R i Bresind N
 PCT/ AU984s08fthinal groups. : -27 - _

3. An emulsion according to claim 1 wherein the associative thickener comprises blocks of

hydrophilic co-polymer prepared with small amounts of hydrophobic comonomer.

15 4. An emulsion according to claim 3 wherein the hydrophilic copolymer is prepared from
monomers selected from the group'consistin'g' of vinyl‘pyrrolidone, vinyl acetate, acrylamide,
ethylene glycol, ethylene oxide, vinyl alcohol and propylene glycol and their hydrophilic

derivatives.

20 5. An emulsion according to claim 4 wherein the hydrophobic comonomer is selected from
the group consisting of N-alkylacrylamides such as N-(4-ethylphenyl)acrylamide, N-(4-t-
butylpheny!) acrylamide.

6. An emulsion according to claim 1 wherein the associative thickener is a copolymer of
25 acrylamide and N-4-(t-butyl)phenyl acrylamide comprising less than 1% mol % hydrophobic

comonomer.

7. An emulsion according to claim 1 wherein the associative thickener comprises blocks of
hydrophobic co-polymer prepared with small amounts of hydrophilic comonomer.
30
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8. An emul sion expl osive conposition conprising an emul sion wherein said
enul si on wo 98544 ses at | east one associ ative thi ckener |ncor orated into

an aqueous phase of the emul si on. 5 9. An emulsiomex ¥/Q0353
according to claim8 wherein the associati msgﬁggtqﬁgge%{l np | ses a
chai i of hydrophilic materi al soluble i n th of the enul sion,
and- hydr ophobi ¢ noi eti es insol ubt # 1 n t m& m e which noieties
are dispersed al ong said : chain or are pr nal groups. 10

10. An emul sion expl osive according to claim8 wherein the associative
-t hi ckener8.dkmemulsion according ¢kelaind 1 wﬂmpmelmlmmhhymmammoeuemw#cosqal | -

?2?3?2.531"&@“ hit B8 RPN LPar e arseciatpo IASereéTa“'esic'hﬁqT pHiniee 05#&4%38%?&?2
1
aaryt am QR el SRS bl P sftar Yy ahd befsbiGRE smibieiand dih

-gl ycol andscosity bmeﬁ thiy spplied isheat fOREIiY Adrhoved. 12. An emul sion eXpl osive
according to claim 11l wherein the hydrophobi c conononer is sel ected
from the group conS|st| ng of N-al kyI acryl am des such as N-(4 20

et hyl phe acr I m de -t-but nyl). ac . .

enul si on é %E’H?lﬂq‘ CPE'P@‘ “éﬁ%ﬂ“g ﬂ¥ %&‘Sd@eﬁﬁm\ﬁéldt ﬁ‘i“é'mtar
is a Eﬁﬂg“ 4-(t-butyl)phenyl acrylam de

conpri si ngﬁﬁigissé 1 fi’f%ﬁ’*@ﬁh@@ fuz)phobl c conononer. 25 14. An

emul si on expl osi ve accord| ng to claim@8 wherein the emul sion has increased
zer o- shear viscosity relative to an enul sion absent the associative

t hi ckenerlOad capision @@l@wom to claim 8 awherein thej asswatwsthtcyemwnmpnses
b tablish tant,i al |

o gi i &BABEPE YSHRERTH, i, SHNGIESR e dsbons plRe.a thegmblsiofy sandy

met hod  OfhydRipHbBIE mbidtidd ifblublEih he sty Rky @hmfm&%héé 48 Il 3G said

i ncor porafti ng
PCT/ AUQ8/ch@ipod are present as terminal groups.

- 11. An emulsion explosive according to claim 9 wherein the associative thickener comprises

15 blocks of hydrophilic co-polymer prepared with small amounts of hydrophobic comonomer.

12. An emulsion explosive according to claim 11 wherein the hydrophilic copolymer is
prepared from monomers selected from the group consisting of vinylpyrrolidone, vinyl

20 acetate, acrylamide, ethylene glycol, ethylene oxide, vinyl alcohol and propylene glyco! and
their hydrophilic derivatives.

13. An emulsion explosive according to claim 12 wherein the hydrophobic comonomer is
selected from the group consisting of N-alkylacrylamides such as N-(4-
25 ethylphenyl)acrylamide, N-(4-t-butylphenyl) acrylamide.

14. An emulsion explosive according to claim 9 wherein the associative thickener is a

copolymer of acrylamide and N-4-(t-butyl)phenyl acrylamide comprising less than 1% mol
% hydrophobic comonomer. P

50 | N0
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at | east one associative thickener in an aqueous phase and

subsequently emul sifying the aqueous phase in an oil phase to forma

wat er - i n- VO I¥EIHS | on.
expl osi ve conposition according to cl ai

16. A nethod of manufact uri ngpeiyaesaidosson
' associ ative

t hi ckener conprises a chain of hydrophilic

i in the
phase of the emnul sion, and Ipgir ophummm ! oluble in the
e phase whi ch noieties are di sperseda s chain or are

aqueous
i nsol ubl
pr esent

as term nal groups.

17. A method of manufacturing an emul sion

Thr chonel CanEsiish SBGOATpRAg b Gof) Tehenc] T RSRAE RRIRPRRHIE, ||

anount s

emul si on expl osi ve conposition according to claim17
hydr ophilic copolyner is prepared from nononmers selected fromthe group 15

consi st
acryl am

vinyl al

net hod o

'c co-polyner prepare

bibcis)sf hgdrophobic o polyare prepared witlh small aRioling oﬂxyﬂ%ﬂflﬁ%ﬂ{dﬁbﬁwﬂn
ereln e

06 54 S RIS Wb SRl e 05,

ge&%cfaagy RIARY e iferlIN6® hbseitdhé dsdociativiGhickeéer WRd exhibits ggﬂiﬁcm
manuf act

uring an enul sion expl osive conposition accordrng to

cl ai m 18red@ctiohdn eiscosith evhby sibjgetedito appliedsheartorce and edestablishet substantially theup
ng .of N alkylacryl.am des such as N-(4-ethyl phenyl)acryl am de,
N- ( 4- t - RRgIngscpsity whes the-applied shear forge isqemoVebd of nanufact uring an
-emul si on expl osi ve conposition according to claim15 wherein the

~consi st i

associ ati ve thickener

25 acryl

21. A nethod of manufacturing an enul sion expl osive conposition accor

“t o cl & nintarporatinghatr keast omee associaive thinkener rin rana s@utous: iphasehamd subsequentlyy
relative tq an enul si on ahsent the associ ative thickener and exhibits
signi fi &i‘i’l‘ﬁs‘?ﬁﬂﬁﬁq Hpepys @?@%H’s@( oil phasg W 8 vatereip-ollnRsigns o shear force
and reestablishes substantially the original viscosity when the applied
shear force I's renoved.

15

.20

25
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18. A method of manufacturing an emulsion explosive composition according to claim 17
wherein the associative thickener comprises a chain of hydrophilic material soluble in the
aqueous phase of the emuision, and hydrophobic moieties insoluble in the insoluble phase

which moieties are dispersed along said chain or are present as terminal groups.

19. A method of manufacturing an emulsion explosive composition according to claim 17
wherein the associative thickener comprises blocks of hydrophilic co-polymer prepared with

small amounts of hydrophobic comonomer.

20. A method of manufacturing an emulsion explosive composition according to claim 19
wherein the hydrophilic copolymer is prepared from monomers selected from the group
consisting of acrylamide, styrene, vinylpyrrolidone, vinyl acetate and acrylémide and its
derivaﬁves, poly(ethylene glycol), ethylene oxide, vinyl alcohol and propylene glycol and its

derivatives.

21. A method of manufacturing an emulsion explosive composition according to claim 20

wherein the hydrophobic comonomer is selected from the group consisting of N-

: er is a copolymer of acrylamde and N-4-(t-butyl)phenyl
BTl deA C enutidds 1070 mafififachufinl An YeriBlsiol fé)(ﬂb@iﬂéoéblﬁpm%ﬁ{prising_
i ng

alkylacrylamides such as N-(4-ethylphenyl)acrylamide, N-(4-t-butylphenyl) acrylamide.
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nmet hod of O%??gfsé@?uri ng an enul si on expl osi ve conposition d’(%‘?"ﬂﬂsﬂa:‘s?o
claim 17 wherein the associative thickener is a copolynmer of acrylam de
and N-4-(t-butyl)phenyl acrylam de _conprising |less than 1% nol %

hydt ophobi ¢ conononer. 5 23. A netdlod of manuf act uri ng an emnul si on

. expl osive conposition according to claim 17 wherein the emul sion has

i ncreased zero-shear viscosity relative to an enul sion absent the

associ at i22e A methashef manufactatingian emuilsjon £kplasive cenipositiemagoording do slaim lwhen
subjected to applied . . shear force and . .reestablishes sulst hally .the
or i i nal WASERL e GHCkERAT B5cp SRRDVTOE PE acryTarige it Sy Jpheds

A et ho aﬂm{é D%?rtﬁ Safs ' ﬁﬁ‘% ' Sindd i on conpri sing
incorpor%ﬁfgnlg a Lqe S d(%:%sassog?ﬂaﬁo\?zt |cglzdr?gfeci&ﬁ an éOr}:| phase and
subsequently enul si fying an aqueous phase in the oil phase to forma

water-in-oil enulsion. - 15 25. A nethod of manufacturing an_enul sion
expl osi ¥ 23 opesthed of\mapufsc@ring anenulsionexplosive gpmpesition aecozding ¢o slaimel 7

t hi ckener_conprises hl.ocks of h ophopi ¢ _¢co-pol I prepared wt nmal |
amount s OO B AROL by orrared sebo-shess visgoBt 1iveflo A A son Abmept ¢
emul S1 0N Ldalafve HAcIRKPARIekhibfis QERAEAH: Heduclof if ViRt ddhy AbhehBbRERA!H Applied
enul si on has I ncreased zero-sheaf viscosity relative'to an € Si on sent
t he assheayi fotce and réestablishes subsicntially the losigiiab wistositgwheneatie applisd shear force

A

vi scosity when subjected to applied shear force and reestablishes
subst ant iiBr¢movYede ori gi nal viscosity when the applied shear force i's
rem)vefio

24. A method of manufacturing an emulsion explosive composition comprising
incorporating at least one associative thickener in an oil phase and subsequently emulsifying

an aqueous phase in the oil phase to form a water-in-oil emulsion.

15 25. A method of manufacturing an emulsion explosive composition according to claim 24
wherein the associative thickener comprises blocks of hydrophobic co-polymer prepared with

small amounts of hydrophilic comonomer.

26. A method of manufacturing an emulsion explosive composition according to claim 24
20 wherein the emulsion has increased zero-shear viscosity relative to an emulsion absent the
associative thickener and exhibits significant reduction in viscosity when subjected to applied
shear force and reestablishes substantially the original viscosity when the applied shear force

is removed.
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