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PROCESS FOR MAKI NG AN AQUEQUS A i UEL This is a continuation in (A
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a continuation in part of U S. "Ap |ca Jon No. 09/390, 925 flled Sept enber
7, 1999, which is a continuation in ggrt of U S icat] 2&[]]]%3 49, 268
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i ncor por at ed her BYPRQCARBONAREL n their entirety. Technical Field The
invention relates to a process for meki ng aqueous hydrocarbon fuel
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co usti on engl nes, especl y die engi nes, using water mxed with fuel
int hewwﬂbystmmll@ﬁmﬂb@m@am s)r/rqumcmdnmmm véamlsrcbmarhdwandu of the
+particul ate em ssions per unit 15 of power out% Ni trogen oxi des are an
envi r ofiiselesues indhe Bripeeppliseions aje @B?WPFHEF@I}@T‘?’B ¥ FfgreargindBer GRYTSH.
Governnental regul ation and envgrQnAER tﬁé‘concer ns have driven the need to
reduce NOx em ssions from engi nes. et 1 uel ed engi nes produce NOx due to

the rel ati vehy idVegfiod tedares foelmetes doresakieg afedus tiydrogarbomiiues composiite
reducti on of NOx production includes the use of catalytic converter s, 20

ustg fromemeontinuedssproeessi Moud partigHady. thednseniionaplgies bR ARNHIUANHBIOES S Adfes .
These nethods are t |caII ensi ve to be commercially
used. gnaq Pﬁ%}s n?‘ﬂfﬁrﬁ @1 So%&esggﬁr%ﬁgaﬁéﬁﬁ%e peak combusti on
tenperature resulti ng in rgqmugaronﬁéq@@ﬁﬁo@nd NOx formation. Wien water
is added to the fuel it forms an enul sron an hese enul sions are generally
unst abl e. Simtbinel cwntaistiomengings, espetiglly disselfengimas,|usingrwater mixeid petipius! r e
difficylt t reach apd mai nt ai ul d be advant ageou makeastable
wat er - F15- “St&%h's“in o ClaﬂB’EOdBﬁqqloﬁ'ér Wégehy@('i?ﬁafbr?ﬂ(ﬂ]gp ﬁﬁl tsesefrﬁﬁoéls PR %5 age.
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conti nuolis process because of increased throughput, increased shear

ef fi ci and pollativah. démtermﬁd’:mmltnegtdmte@sanﬂ/@mmnmantahccmcem|htage grivarethe negps i cant
has di scovered a contipuous process to nmake stable water 3 0 in-fuel

enul si SRICENGNHNISSIPRT PR BELESe. The term "NOX" is used herein to refer to
any of the NE2 f

t her eof . Tht;lﬁ l'%séfr)ﬁrrlgﬁd%g%g ﬁgar ocacrhb Q} atl%n‘ﬁ F1§%nﬁég%1ﬁ&at§¥eg?&§cﬁed

02/ (| GduriR8 chieBustiSaI1The iléil?lthon of NOx production includes the use of catalytic converters,

20  using “clean” fuels, recirculation of exhaust and engine timing changes. These methods are

\

typically expensive or complicated to be commercially used.

Water is inert toward combustion, but lowers the peak combustion temperature resulting
in reduced particulates and NOx formation. When water is added to the fuel it forms an emulsion
and these emulsions are generally unstable. Stable water-in-fuel emulsions of small particle size

25  are difficult to reach and maintain. It would be advantageous to make a stable water-in-fuel
emulsion that can be made continuously and stable in storage.

It would be advantageous to produce stable water-in-fuel emulsions by a continuous
process because of increased throughput, increased shear efficiency, and cost effectiveness over
a batch blending process. Applicant has discovered a continuous process to make stable water-

30 in-fuel emulsions of small particle size.
The term “NOX” is used herein to refer to any of the nitrogen oxides, NO, NO,, N,O, or

mixtures of two or more thereof. The terms “aqueous hydrocarbon fuel emulsion” and “water

U

*G00002*



fuel enul sion" are interchangeable. The terns "aqueous hydrocarbon fuel™”
and "water fuel blend" are interchangeable. Sunmary of the Invention The
i nventi owo®lai®s to a continuous process for maki ng an arUELYE/4813dr ocar bon
fuel, 5 conprising: (1) mixing |liquidZhydrocarbon fuel and an enulsifier to

form a_ hydrocarhon fuel /additive, mxture;, (2) enulsifying.sajd r-ogar bon
fuel / a@'&f/?mk}]é‘% B HECHRRANge ?'eﬁhﬁﬁ?‘fg}s §H8éql’)sélt¥%cﬁb8ﬁgu§iosaﬁ gr#&geg fgé(;lueous
hydr ocgpben, f ugk cEmbeshien, wherein said enulsification is acconplished by
at |east two erruli sitiers in series. The aqueous hydrocarbon fuel enul sion

i ncl udes a di scontinuous agtwonmrplofigle Inyentiomnt i nuous fuel phase. The
di sconti nuous aqueous 10 phase conprises ueops droplets, having a an
f i RS R0 %efs

. di aneter of The MVaRikQTieIalRs 1o ACORIIHOUS REOCER T IED GP SEUFHE Y Si on
has be : S - : i ; FSaasdaon
fue e(Feru ’gésg%gi Z?gg{rlr%%gggﬂl%p %@?@?@fﬁﬁhgu@h&gglsfg?&wﬂggw ine or the
-like an@)/addigvemsitiiee(2) ettutsifying saidf hyerodarton fddsadbintve insx o with watesander: (i)
at | east one fuel soluble product made tf)y rﬁgli:ti ng at .| east 0[1%. o

hy dr ocehesycangitipnsite fRrevpncaguaensilyArocaoen gl g sieny Whsreny said CRMSHIGHRBA a or
an amne, t hydr oc ' | atJ AN [ about
50 to 3%8H{P%§be§y€ya§‘b%%£§”8ﬁ%ﬂgﬁ%f%qﬁ:“‘?éé'a:?{eg% g‘fléggﬁd?i&oni [ glre hgﬁhgg)inoni C
conpoup@i iy h Acéntivenoftebisphabeiapidoniitudia e phaseHIBY distortbwoots dqueousabout
40; (iii) a mxture of (1) and (ii); or (iv) a water-sol %bl,e C ound
sel(ct plbst comprises agrasup deopless havingg meanidmpeersy| U mickembnihg fmedhe aqueqyy ge

conpoupds, njtrate ester Ltram I ali nmetal salts,
oot hetrasatbap BiefeitstintiayB gl gﬁ%&g%dn@#én@itg%&%aﬁﬂﬁs‘@%sﬁl% i) or (iii). The
wat er hydr oqag Raekr hy@ocRB fiePém@ipibh @ sdnprisedef wates furtlslichiag dieselTimoline
additives include but are not limted to a cetane inprover(s), an qgrganic

: . ) r(
sol venbf g likanndat efmbsifies. Teemplsifier ingludss bulris pey limiedor (aaﬂfe@ﬂ\ﬁ)&f own

f hei in fuel d.combi nat i her eof.. This. i i .
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hy g 00%@&? Writh WS morfF PER a9hiRg) :theaﬁ&fdl'&ﬁﬁ)&l JupRiteeRt bbidid yating agak hesng gbouank

containtng a hydrocarbon fuel/additive m xture or separate tanks for the
hydr oc &0 honbdutel00 wrhdnsitbmey (i) atiasti cnef apderic or ritonfanéeeemppunddiglingad i ons

t hereof ; punps). and..condui t or tr ferring  t.he hydrocar. el .
addi t i yigdrog F%%&_POB‘H{}F At LBy r‘# o ol B0 (R R P OPAR iR )
devi ce, .v@at?r.‘-)%‘i‘ﬁﬂéé c&ﬁgo&rfdas@&f:%a FioRgtHeak6tp donSidtif Y¥Bdiine SAY, G@niodidrhalfsi r st
emul si fiCati on devic , a conduit for transferring 3 0 the aqueous

hy dr oc agide Rofrpetndsyitsieosstdrs, antrarhimef pitrotcovpaisdst plkali inmtel dalis, elkalige eprgh
second enul sjfication devi Cﬁ;' a__gongu'ht for transferring the aqueous
hyd® oc aneselrsakts,dn cembination With §ih @) OE88hd enul sification device to a fuel
storage tank; | ' F%%EIE BRI ¥AdiA0S]. bTRe fadltives
enul si on fr?r%efﬁgtg?ﬂg#&g%rgé%ggét an ?leg ngggf?g“mmbl g I ogli c cont ?ol | er for
WO 02/ (hdddelift RESTddyERdited 45 2 3otaik ingproven(s),iangrganic) solveat(s) ameritifreces agens),
conponents fromthe tanks to the first e i ficatian device (ii) the

I
t r ansf sbrfagtanié) eqtheraggitivee kg For dbgif ese 1p “ej%%“ qqrainatians HEeat i on devi ce;
(iii) the emyl.sificasi lohAGHiokibly Sniling b Bqueadls t he
water in th(rarﬂ‘lf1 ﬂr{s‘)teﬁ@%ﬁ‘{s}fhqu B%O??dgﬁmgr;@f?ﬁ pﬁ{(a?sflgb?tcﬁ@%?jroan\syf er o% th% aqueous
hy dp oc aryaaRaibog fuet reehdirsingf adeast twe drulsificmnmbaict; cank comiBniggvihydrocarbome
second enul sification device; (v)S the furthe elirul

i ficati f th
hydr oc dreléadditine] mixtire $F 6pParHe 121k S Bp BYRTRGIEPR | '&f'elts é%ﬂgﬁﬁb?agéﬁwﬁ% ‘?at’?rhe

transfer .of the | B &OERBGh fuel,
enul si f@@ﬁ'ﬁ’z&?rag@ﬁ@gﬁ@g qg&éﬁgﬁﬁrgﬁ(g)r %‘g?“’{‘g‘%%ﬁgﬁgﬁ’f ?/i 1) ttz{ilgg%rrput er fugr
cont r ol Jgafigvet RRd/BF RanddREbiem 0@ tinkons rmofitse emulsificmioneddyamt rmeedndufthtor
.apparatus for the continuous process is in the formof a 10 gont ai_nerized

equi premnsiering witet frap ervata sowoe orihe fishemylsifieaion device: acondpit Ie5BRsEHREd and
nmonit ored | ocal l,y at the si cits. in L)ALl One: OF | ; K mred
andOhmrifie gt HRiearts eh Smilidn ok et HolRincliod uotieD I PERIAMT]
vat er  faehisilcaich dsvidd & perthedot Qarifdritis Bieagadou hgdiobabed fuel emnlsiintfeom Thi s

provides a way to make the aqueous hydrocarbon fuel enulsions prepared in
accor dasecendvetblsifiration\dsiice dp aafusl Iskistgs @Bk Gondibt £orj ﬁlisl%ﬁ“a‘é‘gcfggtaﬂPWi on
networks. 15 Description of the Rreferr ' ' t he
orms. eyl BBt ek fe Tof, Fr8E sl A gt KRR AR Tor
"hydrocar byl substituted,” "hydrocarbon group,” and the like, are used to
refer to a group having one or nore carbon atons directly attached to the
remai nder of a nol ecul e and havi ng a hydrocarbon or predom nantly

hydr ocar bon character. Exanples include: 20 (1) purely hydrocarbon groups,
that is, aliphatic (e.g., alkyl, alkenyl or alkylene), and alicyclic (e.g.,




enbodi nent no nore than one, non-hydrocarbon substituent is present for
every ten carbon atons in the hydrocarbon group. The term"|lower" when used
in conj uwoti2ma4met h terns such as al kyl, al kenyl, and al kexyyusdistsixit ended
to describe such groups that contain & total of up to 7 carbon atons. 5 The

term"water-soluble" refers to materials that are sal ublei. ter to the
ext entc%frog’c“gf éﬁé{‘e EW@%P&E‘}WPP@SM 1501 'ithF?@rké t%fheﬁkf%{eqm"&fl%ﬁ%%n Jfﬁbcet erm
“fuel ’@izlth'é)ltﬁn sfECbELRtdr FrdRURL Al oliRk Brife IRbUGhSIsHRAtARE dEwES; @rig fnee
extent of at Peast one gramper 100 mlliliters of fuel at 25C. The term
"wat ererfulsilficatinn ofithntydrecarbinciuelmidibaimhistum s thewatansn the dirgeanidsification
fuel/additive emulsion. The term"water fuel blend” is_interchangeable with
. aqueoudeViRPa KL HRsTe e the WOPQ’#@‘P%"- Rrdsien S tthF\r;l’é%te "i?‘ﬂ?aé’ém is

i nter ¢ | i : e} I hnSSE thd RRIrGARidnTHAUS

Pr c?‘g es@%%q$ﬁl§%ﬁ%§npp%%ﬁ%ﬁ§é ilagggé’;dgjr%gﬁg{g%{ ?Iﬁﬁlgigfgg%{{ngifes%ﬁﬁér maki ng an

- agueousmtilyidh @¢ dtehecoddehul biyicAtwnndenige A vHt thb trensfendf sheoajue ousihyidedeattion fuet er i s
suspended in a continuous phase of fuel wherein the water droplets have a
mean demwsioes from the secpnd ewnlsifisatipndeyicettna fagl sinrage tanks and (d)RCOPHRERET The

i nventjon provides f i odi ment an apparatus for continuously
maki ngccfnﬁrgﬁgl%}légﬁlsogﬁ%rn%@g?%%Q‘?rl[}%q?nghe conti nuous process apparatus
conprises ajn bﬁ@%ﬁlbbﬂiﬁle%t,othefﬂﬁlpsﬂafdscﬁfritﬁdﬂ cOntKRIoNs i plocess liesn tiee fank o)
contai ning the hydrocarbon fuel, emulsifier, additives and conbi nations

t He} eotantainerizell equipmenh Hhig thas epevates eutomasiealiu c This AWK, cap beigogrammedi and f or

or oceseonign oty shine e i PuBRRAE TR SaRpe PRaspRabapl rRiAR AN "

aqueoUR WSl RERELROmI tHESitd &f ifBARaIRNioA. The waldHfid] blihel i@ﬂﬁ?&fs&d epgRilsersof

moni toring and adjusting the flow rates of the fuel, enulsifier, additives
and/ or awtht enstallatibosite. aTkss podwidasrauvay rmake the tajecatie diydredarhen del gmypiens si ze.
The process.and apparat us described h depi ct _one, di ment_ of the
cont i nDEGBAeH iHee0 .a“‘FSe‘P'Eﬁ F}?%B"ffnéloﬁiaﬁﬂf%?e\i\{f’ ef‘ﬁ &5 &wgﬁgﬁﬁphﬁﬁﬁgwgﬁ ‘uel

addj tive tank (10), a WRkefiptibie6FieAétdridl Enboiaitst tank {18), a first
enmul sification device (ZZJ, a second enulsifticatron device (2G, and a fuel
di spenser 3@susa)herdinj the tering “hydeodaytoil euwbatitwont,’t thytiroaaadiyk greumirilhysirddadryl-ar e

m xed in the fuel additives tan lgllgl%ﬁgto forma hormgrg)ne us. hydrocar bon
fuel / atHbstifuleds” RyLEagaLON BFouRn nddhe Wiy 81 USehio TEHRL 1q & BI9UP SRVIRG B¢ 0HINBIe,  hon
fuel , i £ bt afton(d0) by
o scr PSB! e Ao I e e e g h P b ot s,

t o for predomimage hedrosarboVEhR2AACEXANPISE/iMSMe: - 4s137 5 hydr ocar bon

fuel/additive mxture. |In another_enbodi nent the | sifier, the fuel, and
t D addi ti vER PR hydegadon SHRUPS thet indl RraHC (o Pﬁdnﬂﬁﬁﬂei}y]a?foa“fﬂ%‘ﬁ’s’p?‘@c essed

witht S dr, b ; L@4. apfine
nycir oo ATHER: FlaT PERAT Syt RRELAD B3R A B 00 R S B e
wei ght alidyalio-sabetitited asmixidi greus, abwall a8596licograbypivh&@8is thy rimgiighompketad i n
anot her enbodi nent about 95%to about 98% hy wei ght hydrocarbon fuel, and
it furthieRghcanethar Portinoeft the mmogule (G olt0 SHItitueRt At fOENBE AP ATy lifhout
2% to abouﬁ. 15 % and i n another enbodi ment about 2% to about 5 % by wei ght
of theP&Ml’sifier.

25 (2) substituted hydrocarbon groups, that is, hydrocarbon groups containing non-

hydrocarbon groups which, in the context of this invention, do not alter the predominantly

hydrocarbon nature of the group (e.g., halo, hydroxy, alkoxy, mercapto, alkylmercapto, nitro,
nitroso, and sulfoxy);

(3) hetero-substituted hydrocarbon groups, that is, hydrocarbon groups containing

30  substituents which, while having a predominantly hydrocarbon character, in the context of this

invention, contain other than carbon in a ring or chain otherwise composed of carbon atoms.

Heteroatoms include sulfur, oxygen and nitrogen. In general, no more than two, and in one



Optionally, additives may be added to the enulsifier, the fuel, the water
or conbinations 10 thereof. The additives include but are not limted to
cet ane i wrawes®$ organi c solvents, antifreeze agents, suPGBHUSEASE7 ot her
addi ti ves known for their use in fuel 4and the |ike. The additives are added

al t er nEPORmE. vt ek i har e hat SRRl isbicRlns 1, SRSy |4 Joffon

sol ubi gﬂomélmhet,{}@r&qgj&w&l However, it is preferabl eto add the additives
to the enulsifiéer to forman additive enulsifier mxture. The 15 additives

are general Il‘ye termt ‘feverawhen esed bewjunttion wish aﬂmsuwoaﬁvl vtiea¥t andi alkaxdot her

enbodi nent ut, 5%t o about 3Q% I not er enbodl ment about
. 7% to b?BB{?Pgefg%dWCW% 2 o ﬁ@% %%d’i“f‘ |338ta}e?r€lfpsﬁoff%arl él PPe. The

hydy ocar bo”TBé’? ﬁa%tér' | BRI K @ MESATHRK hleSofubfe ANMOGBIROSK téHeI af ank
outlet (34) ows through conduit (38) generally at a rate of about 0.5

- gal | onldast dheQparg akt m()smnhhtem ofwaer & 26°@Qnd i n anot her enbodi mrent about 10
gal l ons to about 600 gall ons mnute jinto t i cati

devi ce (22) 7T bﬁFWgﬁ“@dﬁB@f reégs)to TH3{er %'thiabarﬁﬁglf'l?% i‘&rﬁ% Oft‘ﬁee‘?’ﬁ ?fi fves
m Xt ur 2096 ut 50 to about 99 to about 50 to
about e,agto%ﬁfllﬁ)hsldq}%&gﬁtﬁ%nt a 13.{5t2§§§ to about 95 to about 15 to about 5,
i n anot her awbo@imenMaebduel emulsiordbautin@ichtngeableutwiths atjoeclsobiydraéarbemd i n
anot her enbodi ment_ about 70 to about 75 to about 30 to about 25. 2 5 The
wat@r | fughadditivapmslsidional | y include but is not limted to antifreeze,
anmoni um ni tr a M§ignd” t nk outl et
(36) througtkﬁlc}) raluﬂ}'ﬂ%%?l &ng Ln‘?@r%:hangtkﬁ’de’i@w\ﬁ@lafql Cat é/ﬁfogg@)?gé’ﬁé?.zz) at a
rate of 0.5Tgaltken ‘ﬁﬁblﬁiﬂ@ﬂicaﬂ-@nﬁ@nt@& IngiREures” nis Nidtegchadpehblen wathohydrocarbon
enbodi nrent about 10 gallons to about (00 gal l ons per m nute. Amoni um

ni trat &ndladdigremakiugesadded to the water nmixture as aqueous solution. In one

enbodi t he wat the 3 0 al cohol and/or the ammopniumnitrate are m xed
dynami ﬁl—l@%ﬁw L inuously to the fuel additives stream |n another
empodi ment  tiRg iWRh&én pratidid fof & ZEntirBIPDFYOLE Rirtnieaking A agiibodstiyémciben i 1 ow

out of separate tanks and/ or conbi nations thereof Into or mxed prior to
the fi lbstfoemug i statdacinolsiatein which 2ix) wauen ipsuspendsedn wtlvws\mﬁaﬁr of {usl er

al cohol I - anmo VWO 02/ f1.G~7 / 1

wat er - aw'?&%r aWFWBrrflﬂ| Bﬁ?ﬁ'hﬂ(ea?@eﬁ’i‘ Q‘PHF“’T i §“?ﬁé'sﬁyge§ g’];l} 11%" % aagllgtives
m xt ur Q/OL d‘l“ﬁé €henRbh Provii@esOfor i ahftBer ErhBodifidHl & fap%éhﬁ;@ﬁoﬂ@dﬂtﬁﬁoﬁﬁ}z) The
hydrocarbon fuel additive streamduring startup and shutdown is such that

t he r atnnakmg‘ thevaqueous bydng@rblmiudo T he ohtinudd$ piogess |a9paar@tue 13019131@%6 étrle%ﬂﬁaﬁo t he
dy condition I n one enb arfa serjes n the
£ uE g G PR AP 0 sclid t MEKe! P A EERTEn e, FRLl R RUREE [ 02
purrp (4gd ’cofhbmaﬂ%snﬁfegéof (ﬁf'f)nk Snbitihs hd wirk V@gﬁo‘ﬂi@lt’ tafk Ch\GSJs, CBhdfts(F68) . @
t enper ature gauge , a pr essure gauge I n one enbodi ment
ar r angegnsfarrmgthecfiuibe ind e prdgt‘aemmdﬂefogtcaamlntl(ﬂlei)so awdthehaeoqes& mey kadteindticcat i on
device are a valve (54), an aqueous feed punp (56), a flow neter (58), a
shut-of f valve (G0, and a check valve (62). 10 The first shearing is
general |y i qatfye gdcﬁéé of Y egén@fi‘ﬁéeﬂﬂoﬂ?l‘{é ﬁ(ﬁle@a?hy&@garl%@‘f@éﬁ@%egﬁfw ally
under anbi ent conhditi ons. first emulsification occurs generally with a
pr 25 s urcentimas iprocebecapablg @f cmiomﬂonng afd pdjusting tabdlow wlespeithe fuel, anotl$iber,

enbodi nent, in the range_of abqut 10 psi .to. ahQout ,80 and | anot her
embodi rAgditivesandips "Yaéﬁ{g‘é fogm aa‘ﬁgﬁ? e‘ﬁ!ﬁlsﬁ%&‘“ﬁﬁh‘a %SHFd gf@tﬂgaroplefﬁ@ef he process

emul si f h?%bgﬁgtugﬂgécﬁﬁed ﬁé%g: Rpile&k én?oc%dﬁﬂ ﬂ%%&cdﬂﬂudﬁ?r&&@?oﬂé@ﬁﬁl gl

produce nore uni form erS|on e wat er droplets in the fuel, as

wel | asrig@eilnmeappaatie irdudeha fedl additing tank €tHda tvater &abddank (1d), \nantr@iucdtaobl et
.Size so that the second enul sifijcation dewg {%POVI de he dets d wat er
i Bl

dr opl et(18), adirstpmudsifigatign deyes {%taéecwﬂeﬁ%ﬁ éjﬁ’?”é‘rﬁ Hets
8 geéf rlmtl%ll&ur 3&%2 M}ﬁg ﬁ‘%hc &Hlﬂﬁlfffe[‘ fte 1ffi g‘:‘d f ech'e?@él 'aﬁ@ithgsvﬂaﬁl@(l((g 2) is

.al 80 u to i n |t| ves have good contact wt he aquéous
C0Wponecﬂtfﬁrnb@haﬁ@g&@oﬂghic&dcdrbon fubKadktwadnixture. In another embodlment the feeds

of the hydrocarbon fuel, the emulsifier and the additives are added to the water tank (10) by

discreet feeds, or in the alternative combinations of the discreet feeds, to form a homogeneous



2 0 emul sification mxer (26). The enmulsion is mxed in the first

emul sification device (22) until an emul sion has proceeded to having a nean
dropl et ywerwioed7e8 si ze of greater than 1 mcron, in anot hetCEEHIGS BNt about
1 mcron to about 1000 microns, and i A another enbodi ment about 50 microns

to about, 100, ni .and .| t her. enbadi sent i t 20
i or ontyaraasindiy fefadi 86 ik OB PSRRI AP Uhystridh HeChhel SRR
| ndust 5y @ d RvharRiRhllY Addl fb8 GordtRubisty At the® pRasise@vititiewa@gitteat on,

static mxers, shear m xers, sonic mxers, highpressure honogenizers, and
t he | i toforiaampliesis dfydtoearbbi fesl emmisicr.f i cati on devi ces include but are not

Limited H oeline. rica P "
15" Fowpr b ntagatpa el il soffisdShll 3P 1t el PSRV RISHER oo
faq] ng, plid: e hbBkinntibduk 850630 Qb(ﬂ? :9?% By W@ ghthghdThhotlecdhastdighent hbouti98%

pl ates cause counter rotational ow and alfow the material to mx. The
- Aquas hgpdbori 58% by avedgha hgiioaiben fuehranélitdwtirrooesims Bbohirb0Tfite sbau @5 %Tine

emul sion then flows out of the first enulsificatjon device tlet

©hr ougAResb PP} s S8k toyop 15T B PR NER A BRITER 4700 ABJP B0t 3%
There | [ r rake. hol di ng tank WO 02/0(i-17118 PCT/L1S01/ ~s137
bet vveewv‘;éggh# ?frse%gﬂr% é,l:éﬁ'l cation device (22) and the second enulsification
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i nt erchangeabl e, however, the second emulsification device needs to be a

hi gh shewo ddawime. The enul sion then flows out of the secReEUSIMSETf i cation
device outlet (84) through conduit (86) to the product tank (18). Arranged
in series along a conduit (86) are a sanpling 5 valve ( 8? a tenperature

. . - 8 )
gauge 1igat, Oravqwréilg*ﬁl@hp]eﬂ@@%‘éng@Q%? IRy & hydpeasbrofael adgfives Bttt uous
process is..gepera I QCess u . ' +0ondi tions. The conti nuous
pr oces‘énrpgd@S&MI@//mg‘Bgﬁe§f5?5%gg%33%é§?%g%3r e. The continuous process
general |y Opgdifirédartiiiu6NdditBRREE AR Uifng StBri@NendIHRRIIWIEL sudhhRattthemeibat ur e
Is in the range of about anbient tenperature to about 212F, and in anot her

. enbodi ofewitei to tydeocadhogdudifadditivats woer gisatehtan teostagy statociddifimarmabl e | ogi ¢

controller (plc), .not shown in Figur i s.pr.ovi ded for i £

com i nuous ’gni A rLodiBe FEBERd ngﬁsgtéehﬁ?{‘ tlhgé’lléiélggl%tvfsg%nkgr@gf%@e{ﬂgtfﬁ%e

At el e RAEAEiCRYE) AR RRl phiti8l(aBMNSH SRed a4 eR Y Ot Vaid O alchekf | ow
rates and mxing ratio’in accordance with the prescribed bl endi ng rates.
The pIt xrz]alseGtmtemppmnarmgam%r(f@hmagewdsmpatga\bgﬂ GRk Iopwezndrodingng amgngsde t hen
uses these percentages to . ne vol /1l .of . h. ' :
Cont i nifotises Plewe%&%ewefér R BT R e B e APt alt cai |
noni to ' Wy j le 1
Thi's. il B T} L e e R e (P Ret by 2
coyg i nuous 2Re firacshesingiisngetetnlly inalie Mgsttdreulfifichtowi deyico @R sintli pracesses!

prepared by (using) the conponents together. 23.8% wei ght % 2-ethyl h I
ni t r at eeneyallyognger arrbient ngﬂ@éy Thg &‘(’Sﬁfi%gWéS Q%Wpr%%‘ir\é\%k%%rallw %gﬂﬁlﬁgﬁsaﬁ(?/

9. 3% wei ght % T L aht i o B 4000 wpiaRt 0
2000 ViR B e AR AR 1435 Bt 10 B, S dhpll et i e b of

1000 Mpsifth Bo&u®0i janafd ilmirisherwhibodinent acthamingeAlf @bbutd SpsPbomboghido psi. t he
above additive enmulsifier mxture is added to about 97.5 % wei gtjht of BP Low

Sul fur Di es@he firspemmisifioation devicedReris Bepdde Horpighliemix the COMBEIGRES @ Rroduce

hydr ocarbon fuyel mixture. The hydrpcar ' re, f of
o B A aniiGm ByPhiied of e e SERESTY e B St Suamptty sOAL B ¢
about 2nBgaldebls) REfeditd W waler Idp6pTRtt 8PDES Aairthe sddvadvanelsifitatdn dadcd hen
punped t hrough a conduit to the first shear m xer. The first shear m xer

was an phyices theadesikddeatendroplessisr Bhisaigpedisiriputpsthg concertsaiion of fhssorpPoRpbut 12
more uniformly through the mixture. The first emulsification device (22) is also used to insure
that the additives have good contact with the aqueous components before being fed to the second

20 emulsification mixer (26). The emulsion is mixed in the first emulsification device (22) until an

" emulsion has proceeded to having a mean droplet particle size of greater than 1 micron, in
another embodiment about 1 micron to about 1000 microns, and in another embodiment about
50 microns to about 100 microns, and in another embodiment about 1 micron to about 20
microns.

25 The first emulsification occurs by any method used in the industry including but not
limited to mixing, mechanical mixer agitation, static mixers, shear mixers, sonic mixers, high-
pressure homogenizers, and the like. Examples of the first emulsification devices include but
are not limited to an Aquashear, pipeline static mixers and the like. The Aquashear is a low-
pressure hydraulic shear device. The material is forced through two facing plates with drilled

30 holes into the mixing chamber. The two plates cause counter rotational flow and allow the
material to mix. The Aquashear mixers are available from Flow Process Technologies Inc.

The emulsion then flows out of the first emulsification device outlet (64) through conduit

(68) directly to the second emulsification device (26). There is no intermediate holding tank
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30 size. These emulsification devices have to have the ability to reduce the mean particles size of

the water droplet to less than one micron. By using at least two emulsification devices in series,

more shear is directed to the emulsion. This decreases the overall particle size and increases

emulsion stability. The mixers described for the first emulsification device and for the second
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process to produce a water-blended fuel product. The number of statistical tank turnovers is

directly related to throughput of the blending unit. Thus, a continuous process to make the same
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car boxyl i ¢ &thedvater or aqueous phase of the aqueous hydrocarbon fuel emulsion is comprised of

droplets having a mean diameter of 1.0 micron or less. Thus, the emulsification generally occurs
25 by shear mixing and is conducted under sufficient conditions to provide such a droplet size.
The Liquid Hydrocarbon Fuel
The liquid hydrocarbon fuel comprises hydrocarbonaceous petroleum distillate fuel, non-
hydrocarbonaceous water, oils, liquid fuels derived from vegetables, liquid fuels derived from
mineral and mixtures thereof. The liquid hydrocarbon fuel may be any and all
30  hydrocarbonaceous petroleum distillate fuels including not limited to motor gasoline as defined
by ASTM Specification D439 or diesel fuel or fuel oil as defined by ASTM Specification D396
or the like (kerosene, naptha, aliphatics and paraffinics). The liquid hydrocarbon fuels

comprising non-hydrocarbonaceous materials include but are not limited to alcohols such as
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car boxyl i ¢ ahedldidythaidms aganihiah thet diefifblanem M=y berdesingda@e pogniegiasitled i n
amounts sufficient to provide fromabout 0.3 to about 3 equival ents of

hy &P oc #iefip meremars eharaderzedhy,haring one PEMQES4thylenig Untpbyrated €roupsuilie) BAY  of

ammoni [ ' ! ' t hi thQy kS .0
abour deholiiftiic SdaGEsIIRRdL BRlone, MbOER, 1 bl IsBEERE U Bopiche b,
sol ubl gopjoRdiiid mohdmeRNEiABRSdi-dléfifid)menohiels Suchusl ,3-0utidiene 2n8 iswpeehalit made
by reactin? a first hydrocarbyl -substituted carboxylic acid acylating agent
wi t h arbfsallyuthese menaapgra are termang] winfive dhays, oladins charadenizedby dbg prefeneeef the

acyl ati ng agent., hayj ng about. 50. to abqut 500 carbgon atons;. an i ).Lh)..a
second & >-%§‘(r)t§}&bl gio rgﬁﬁcctmﬁgdlé&eﬁ?izﬁr qgé?sl EH‘ g%éesggvr?dgs %hm%eg &hésg Qle

hy dpocapRétimey Rgéirdd oo mediROxYihs). Iheh sheN hdddid) GleHFeRbnvhé® afRRA] epr an
am ne) the hydrocarbyl substituent of said second acyl ati ng agent havi ng

about 5Ormalydyo empByed teedsalin@ion withoiesminpholefinsso grastige plefin pohymerphalpiet s

i .and (i) (b di f t. FE | N | | i.ght . th
by ot drgonatiS: AtiEnEn s bF Fetls piifbeSaBR 4o MOGaTReRRG s Berlly ' han
the molpemiagronsd Ghl Riwek hakyly sHdPealdwedr aiubef-buibigitted PhedylegdepOLRECh as

acyl ating agéent. In one enbodi nent) the nunber average nol ecul ar wei ght for
t he hydnodrtiary-betybsplienyk gtouper andalitydlist groupsyendp pAO®ondH beaTtaiged /fran 37 20

ti .be in the f. t 1500 bout . 3000 d,.
e R ot B e G S R g L
vei ght Jomd i are i GAIREBEO DSBS bidupe NNel Qihel 3§ EHPHSlyREK RO ragtNiEh MY
be in the range of about 700 to about 1300, and in one enbodi ment about 800

t o abolnteffD@nerThibdth i S-dibyatrand arynes suchsis il Schusatliensrand siyréne oapiud-(teelydrnt i ng
5 agent be a pol yi sopbut ene-subst.ituted succini,c anhydrijde, the .
pol 3i Sd%]gﬁﬁ%regﬁ ?’%QGB?&“%H% lﬁég%f’rﬂ;mf?e “W%F Bh‘mﬂn{agﬁ? akgw&wefd? Yabout
1500 tgaa]ﬁmghgéﬁg&at@d&%@ﬁe%ﬁvemeﬁldﬁ%}- RO Enek8 @R nt AN R RRWIefA3ymdRi S

ol yI sobut €ne- subs d

first ituted succinic anhydride may be characterized by

at 30eastre Adrnot orintdrpolymaers of wmeineltiydcicarbyt olafinadt abo@ 2 © ahben ) 2rtHn agomas, i n
one enbodi nment about 1.7 to bog@ 2.} sugcinic gr oups per.gﬁ%ivaJanfmeight
cof t he 398!} W§HRAAEMeR %Bksitf) At 1oraarbomatpms, sedpry WRical liagsset oleln

fuel -s g : | j pelaleTall] y be
et ne B B L O R A e
aci d ayfl2abiabgutaenibomatpms caml ip @ny embbdithene? suidstut # chxbdn tmes. ni ¢ anhydri de,
t he pol yi sobut ene substituent of said second polyi sobutene-substituted
succi ni ¢ anhydri de having a nunber average nol ecul ar wei ght of about 700 to
about 1300, and in one enbodi nent about 800 to about 1000. 15 This second
pol yi sobut ene-substi tuted succinic anhydri de may be characteri zed by about
1.0 to about 1.3, and in one enbodi nent about 1.0 to about 1.2 succinic
groups per equival ent wei ght of the polyisobutene substituent. The am ne

used in this second fuel-soluble product (i)(b) may be an al kanol am ne and
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WO (12/(1(.17U8 PCT/US011~5137 z1 may be the sane as or it may be different
than the nol ecul ar wei ght of the hydrocarbyl substituent for the second

acyl at i nggoag®ni708 | n one enbodi ment, the nunber average nOPEEUSEAHSIAET ght for
t he hydrocarbyl substituent for the fl4st and/or second acylating agent is

in the range of_ about 1500 to about 43%0? .and i n one, nbo%i ment. about 1800
e Bisk B el

to about 23%rEcificEXgrples of ipsmyIahl me IBRRenaRFR W, 4P PWEASht f or
t he hygr i i st | 91 RE 3ty nt is
-t na e AN BEThLHE By IeRE, ol TouRE SbuRREREhAN IR b0 o
about H&RAe, 1Thtdnel Bocrne/1amonses; dribebryl - geatehy, ipropyisieitttutmeet, dissobaylehe.c aci d

acyl ating agent may be a pol yi sobut ene-substituted succ%f{}i c anhydride, the

_pol yi sispbutsee gimeri 1 .2duradigngy | Aputrdiinpples PeYatisRe LrbPELIHIERe: (REPGRE: 1ot ab(ﬁut
1 i : . abo
f.5950 tgen)% QUL 2381991'8 1a§-ﬂufaﬁ1eﬁ§?é%1gt_h§Eg—gtgét@??é,'%ﬁ@f&Héxﬁﬁ%tﬁrﬁyg??gﬁ\eeﬁzgﬁbe I'S

i I'st or ’second polyi so tuted succlinic a

- char ach@iténeeslylele, divih fHdsizead) Fityl-eatate,aligl alcohohe-resdddingiaottaabaatloditrie,t o
about 2.5, and in one enbodi nent about 1.7 to about 2.1 succinic groups per
equi vaetbpk aculatshtetlfivinilethsoapd saeshylevivylkemsne.i 1@k Hiese. Tihe BurelythygieeAdionsecond
hycl i ocar byl - substi tuted carboxylic.acid acyl ati e a

pol yi s%ﬂ?%’ﬁ@ﬁ%ﬁ‘gﬁ EYB{Céha‘@JB‘ér aéﬂﬁbgi%%é@ﬁgn%%Sg%&{%lggﬁ%’(fgge 15

substi t uent NGy Gfb@liMEHD e AV grrié}%' 26 pbBisobBicHE sueh aglbimist oBRtheddbyabout
1300, and in one enbodi nent abou 00 to about 1000. This first and/or

s el ndpplyingiisaivnt afreeC s timeit siteenh baving nbeteanmegdentdd ahayt Betoctheptéi%ertyzed by
about 1.0 to abaut, 1.3, and in,one, enbodi about. 1.0 to abou 2.

succi neeg lﬁ%‘?m@lﬁﬁo{}g%ﬂ?ab\%@n@ ag?uttr@% BW&@B‘B‘JB & }eesesnlfgg[rﬂl‘ ﬁgjhst . The
| I nki chingQt'zlgrsf@ﬁéhQ_@ aflBhiMREHI SR RWord trifRiBriadl TRSsePolj¥sHunB EéIRSally

di scussed abdve having 2 O two or nore primary am no groups, two or nore
secondasntaia predongnantly < thasis, greaet thamabopt 50faof thertbtabregeas upits)isbbaten eepeat one
secondary am no %roup, or at least one primary or secondary am no group and
at | ea¥BitofdheGRIFEBMALAR oup. The |inking group may al so be derived froma
po%%ol. The pol yol may be a conpound I%presented by the formula R-(OH)n, 2
5 erein in the foregoing fornula, i's an organi ¢ group having a val ency
of m Ris joined to the OH grogzrp%2 t gough car bon-t o- oxygen bonds, and mis
an integer from2 to about 10,  artd1ny one enbodi nent 2 to about 6. The

pol yol may be a glycol. The aIkerne| | ycol s are useful. Exanples of the
pol yols that may be used include eth e glycol, diethylene glycol,

t r2@t hyl ene Iigbye empodietens ehé plefinepadypecs a priyipghutene gy Gor, pdyipetaityleeme

gl ycol, tripraopylene glycol, diQutylene 30 glyco riputy. e _g| ycol

1, 2- buBENPANBYINE 2 AUBRHEAVERARS MOICHHAT MMABR I a‘%’}lfﬁﬂ%i%ﬁﬁ%ﬁtéofa& o 51

1, 2cyc ; J bhtd tol , dipentaerythritol, 1,7-heptanediol,
2,4-he%ﬁ%ﬁé@%@??&%?g?@ﬁ%@%ﬁ%??ﬁ%l, 1, 2, 4-hexanetriol, |,2,5-hexanetriol,

2, 3, 4- hexané bh®kmbbdiné: biht diydtochblyl-subs@tuedocarboraiiciaold acylating agent is a

2,2,66-tetrakis-(hydroxymethyl) cycl ohexanol, 1,10-decapedi ol i gi t.al ose,
2 V\ohyciwfg@whtgu@éwmmé 93 Wéﬂﬁ@l&ﬁ)ﬁ?ﬁw W@Swﬁ@@ﬁy by %{egw%lulae
prgganediol (trimethylol ethane), or Zyhydioxa@ihyl - 2-ethyl -1, 3propanedi ol
(trimet hyl opropane), and the |ike. hAxtwres of two or nore of the foregoing
can be used. The ratio of reactants utié#@gd QE’ he preparation of these

| i nked products may be varied 5 over a é—? . Generally, for each

equi val ent of each of the first and second acyl ating agents, at |east about
one eq%ﬁvalent of the linking compound is used. The upper limt of |inking
conpound i s about two equival ents of |inking conpound for each equival ent
of the first and second acyl ati ng agent Cenerally the ratio of
equi val ents of the first acylaﬁing age to the second acyl ating agent is
about 4:1 to about 1:4, and in di ment about 1.5:1. 10 The nunber of
equi valents for the first and second acyy ati ng agents i s dependent on the
total nunber of carboxylic functio pyesent in each. In determning the
.nunmber of equivalents for each of the yl ati ng agents, those carboxyl
functions that are not capable of reacti as a carboxylic acid acylating
agggt are excluded. In general, however, there is one equivalent of each
acyl ating agent for each carboxy group in the acylating agents. For

exanple, there would be two 15 equivalents in an anhydri de derived fromthe
reaction of one nole of olefin polymer and one nole of mal eic anhydri de.
The wei ght of an equival ent of a polyamne is the nol ecul ar wei ght of the
pol yam ne divided by the total nunmber of nitrogens present in the nolecule.
When the polyamine is to be used as |inking conpound, tertiary am no groups
are not counted. The weight of an equivalent 2 0 of a commercially
avai | abl e m xture of polyam nes can be determ ned by dividing the atomc
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WO 02/ 0G 1708 PCT/ LJSOL/-9g137 23 to the deconposition tenperature of the
reacti on conponent and/or product having the | owest such tenperature can be
used. Thwe enpesature nay be in the range of about 50C tRCEEBHUHSLIZO0C, and
in one enbodi ment about 80C to about 100C when the acyl ating agents are
anhydri e ot her han en are thls
ey er B Rl LRI ERTNE of Sheie 0o Sigh ot Gestubds el e A ddiment
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The pr oduct by this reaction may be in the formof statistical
m xt ur &ht padduictio ef)etnshelmdrmrtt}ﬂreulnsluanqbstmhn&aadndscﬂr anhydridey vie dllogataereaf s

and on the nunber of reactive sjtes t i nkj ng canpound r exa
T an w0 SHOPEATYGRISHTaR GERERIES Sith 3 BRI I gT E PGSO ATIE.

o730 i SR ot B RSy e BBl B

-i's |inked it theameandaleed ubebendisdusediedenil hayd.at i ng agent through the
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out under salt, ester/salt, amde or imde form ng conditions using

c i entlh ona¢mbedimantg tt@élydrpyp'bwasmbyntuteﬂ eaboxyiepsitkasylating agant ischaragigezaser and

heated, tq a te era the r.an of a err

doconmp B fi B PEar fs st PdSefen 37 8 loadim s oiola arSuso ol i one
havi ngeﬁlﬂ@dlhﬁﬁ@ﬁ&m%ﬂﬁﬂ 1.2 EPRoRt 25 CanddA dné BmBHENRADAUIE Blio abO L. 5@&1 o
about 130C, and in one enbodi ment about 80C to about 110C; opti onal | y, in
t he pr em@ﬂnbocbmeat fmmnhbllltyl T tagakiods 2.3 wherizingiauips jor aaeh t:qtuvajatm veel ghitepd ﬂtf:
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is char h Adi bi s ADX 101G (/513 grams). Adibis ADX 101G whi chis a
pr oducin aneainhtatdlireeritrabout LG td atwiut AQj didsin one embrgimicne tronf abwupbOyd sohuitlene

substituted succipic anhydride m rein weight is a first
pol yi sSHGHIEHEO8RH 31@%* |“tﬁl “Ht&ﬁﬂ‘?éﬂ?ﬁ WE‘?‘@FHX‘FH% gol yi sobut ene
substi t uent pgge %nBHm nt,AUE g&%c%b% srﬁ'BI';It?tﬁtéld ﬁ gﬂ@tacﬂif

nt 8 a
derived from a polyi sobut’ene havi ng’ met hyl vi n ne 1 soner cSntent of 80%
by wei ghkylsobtttdnéﬂ%shmtams@bmm thqydﬂém;mhtdpqsigisybmethttémﬂwsmblsa*wmgm @dmbercci ni ¢

anhydri de wherein the polyiso ene substituent. has a nynber ave
n&icup\éﬁrawat%ulet W%B %art)e 0Pt iabk 3PP§ And 1P SR FRHR éata%t\tﬂﬁ@&to

met hyl h %

nor 11 S 235 350 BTty CRIRE bl yatnibanfitride boll) ORI about|
and a $i3aoiabauti20f) ahdtin on@émBodimeaf dbeut L3ne emdut 2dl Suotiningreaps gt equivalent

pol yi sobutenez The flask is equi pped with an overhead stirrer, a
thernoé‘@tﬁhF@f ri’ob)ﬂwbme@ﬁs?lkﬁﬁlﬁ@lmtopped with an N2 inlet, and a condenser.

The succi ni d. a%% a yl ene
gl ycol (137‘f ?‘gér:éﬁ{b %Xthgvslgiot% %l%wsgdbg% Fé?i ona?§ ga@%dvg |n\7’2%r?1ﬁttn§t4es
ThES 1 epulyisob@end-vibstitatéd siwcini¢ ashydride,vhé poigisobatend sul3Rtuba7kaving a4utmber s.

Di net hyl et hanol amne (392 grans) is charged to the m xture over 3Q m nutes

such t Regrageteolp@parwaight o A ae%mbwééowd@ke@e@nq@mmﬁh@tmtm%l@ur s

mai nt ai I

Vi scoud O s Srabilass iR chye AP bfachal iRl A SR EDRfbout

wi th Adidhsd Hlakeeifadmdhit @bgftartsio. abdinel .2 baglnid sroapupqregdivalehhweighofehdead
stirrer, a thernocouple, an addition funnel topped with an N2 inlet, and a

conden@éb’lsoﬂm@n@mnm%t anhydride m xture |s stirred and heated to 61 C

Et byl ene gI 26. 3 dded e
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mai nt aloﬂafé t@ardcaa)tyl-tlﬂjmaﬁai Seinfcicyldtife tgwf 8.dediAed [0 b the @uinbecsnhiaed Bp ~ to
96C, and di et hyl am noet hanol (77. | grans) is charged to the m xture over
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present in the water-fuel enulsion at a concentration of up to about 15% by
wei ght based on the overall weight of the emulsion, and in one 20

enbodi ment about 0.1 to about 15% by weight, and an one enbodi nent about
0.1 to about 10% by wei ght, and in one enbodi nent about 0.1 to about 5% by
meight and |n one enbodlnent about 0 1 to about 296by melght and in one




3 0 pages 1-199 of the International Edition are incorporated herein by
reference for their disclosure of such ionic and noni oni c conpounds havi ng
an HLB iwotthmet7amge of about 1 to about 40, in one enbodir@EUSEBSWLBY 1 to
about 30, in one enbodi mrent about 1 tlé 20, and in anot her enbodi nent about

1 to about 10. Useful conpounds jnclude al kanol ani des, al kyl aryl sul f onat es,
am ne hydsegartybselestintesyscimic agyiating pgars. dhusyif; adbvgyoca%}% &}ti@/w ng

compou oo i I I I St i t

i o, e B8 £F W BRK) SRR oL harGRl e YA 060 AL E MRS ot el
al kyl fhearglosyol&ihpam! el tatyaggaiylsubatitent, grotgsry e ed i§ 2000y themi that,
ethoxyl ated fatty esters and oils, fatéd‘/l esters, fatty acid am des,

gl ycersubstiuted saccini¢ geybitingggent és chareisrigechbiea logH of 20 (ﬂod}éQ@Opﬁ%?Qiéﬂ'i“\Y%’i’tves, 5
lecithin E@dfde@.}/at 'Lges l'ignin and derivatives, nonoglycerides and

deri valf§as Of SyRYIenE 8% Biiat es, phosphate esters and derivati ves,

- propoxyl at ephangtietonosttierdupbtty aqiivlertr oflsaidiialcnt Gro@skptesgienotit,
sorbitan derivatives, sucrose esters and derivatives, sulfates or al cohols
or et hHopdydcatteyd-sabstivbtodl sucninif acylnties agang (alsecaliatathe s sedcinpsigadptio’arranthei decyl

benzenes or. condens apht hal enes or petrol eu sul f osueci nat es..and

der i vaf§israyne oortersﬁﬂlfgjg%ﬂt WH&WWCIBWEW&'@H%K 8 23 PHlss.apTBﬁF#log ne
enbodi FERL nfMerd) ORbF e%rg{?&%%ﬁuﬁww Helusdd focaftufd4Sihe 8@ cifakien Riduct
made by reacting an acyl ating agent having about 12 to about 30 carbon

atl@rs whérh naaleio anhlaydoideasnusealiin éhe abkatias plagkssng agent may contain about 12 to
about 24 carbon atons, and.in one enbodi nent about 12 to about 18 carbon
a8yPaR- N0y OL AGALINEARONA o carbexylic acid or a reactive
equi vaSRA(S1Oredr- OBneSamda: Pl ecybdiimig\#8eht s i ncl ude acid hal i des,
anhydrides, esters, 15 and the |like. These acyl ating agents nmay be
monobaki thisaguaior ISROBI thd asdcination ggio, Miyds plad mimisdiravemmpel snodeonlap mef ght adoidy
di carboxylic, although tri- and tetra-carboxylic acids n%y e .used. These
adyi at Pary Negénths sapgnifieation nymbes; - thepsbeyp cgdatione ParydNen/ a8y pung gt =
palmtic_aci stear | i | C.Aac] i (1G oL I pd, and
Phe | 1 REe R N DL el sali @t fBis s AB LS, B iyt MR cqRhe
r epr esgpr@ded 4asMastdr betveen DY¥ind hebt abneguaktoRerd 1 IBGOE ctRe iffTe ik COMNCH2C
20 wherein each of the fore%oiqr’lfg formulae Ris a h){drocar byl group, of about
10 to ab¥%b cogespandole an dhralueeid-$ nTonAl ¥ale gimbhealanyed by Bsip teghpigres2o
carbon_atons. .Exanpl es_.include t.etr e- AN CCd i id or
anhydr F‘E@,ash"é’}‘é’%g@{"%%m%ﬁaﬁ%c %13?% C%{ro B%%%/Cgﬁ ggt%zlh%ttﬁggﬁolﬁ%e&{ %eacgér?l ne
ey bepapikee thencAfinMefeab@sit hiiRaek, alxave rasgtbapioxinsaionl thevarakiofgAl ke 2 5
fuel -sol Ubl e product (i). The product of the reaction between the ac%l ating
agent deterntihesd aftemoutitracting teiparsentage dfainzeagtgfl polyalirerssirern 108 gndydivigle bydQ0i ni de,

or a conbination thereof.. The sal e.an_interna | NV v'!&g

resi dues of ‘}be ﬁ}?ﬂ-@@ﬂ{ﬂg p5‘?d”t°E® @%ﬁ%@ﬁ&ygﬂ%@% KA ot ievog%ll‘r%rﬁilng' rgllrle am ne

wher ei Reepmerd?rebdiBgCRIR kY lac HEOMP St 10 BEm | tAE I pe&ducy (H)ouoKldé Mehoainiesgen
g : %%3 g

atomw thin the same group; or it nay be an external salt wherein the ionic

sal t gpolypmiresfamdmeicktwies thegeof. WO | 12/ 017118 PCT/ USI | 1/ .1S137 26 nitrogen

at that is,not part of the sane nolecule. The reactijon R

acijjﬁn ating aggﬁfnoé‘ﬁﬁmﬂ?é hﬁﬁ?rﬁﬂ?’é?"%f’méﬂﬁ ftl’:fQCt_fcglag r‘iyéeéﬂasc}héf pﬁpﬁgﬁé}r’\rﬁggﬁdgl] ﬁ‘foons
that ppOMoHe TR arhfi®s by B drfifar9] sebbitiabt feRthrPu@eties! Thé)Pinkay biinds e

acyl ating agent and the anmonia” or amine are m xed together and heated to a
t enper aharacerized b ehermesgocedf af feastoab N, SOT;tthe sdoondaryBy0ide peeaence of afrjeast

enbodi neni_ 5 from ahout 80C taq about 200C optionally .in the presence of a
nor mal P§e FIREOWy He 4GRS NG ALy ?“%9%)%?%&? Pﬂ&%%‘&%‘ﬁ@?‘éﬁ%ﬁ?ﬁ‘?‘ ntil
the degid eeprios i MEhyR8MR 0okl iRMfie NG BPHL NG eY | flacigepy and
the ammonia or amne are€ reacted In anounts sufficient to provide from
abpit BGydrotabglogotips Eopainplds exftpsinry aoy |satondgryagencamises sglideaiteylamote,
ammoni a or _am ne. |.n qne,. enbodi ment, thi siﬁﬁti ois.fromabout 0.5:1.to

_about siethylamime; nndwbYlamingi fsAPiRaney - ynen dipRu AP meRICCPHE” i oni ¢

or noni_gpi %% A ) d GT% / ; 3 hinft@, Asdeagiaswle,
succi nl‘q%&?ﬁ%@lggp e w@%é’g?é@lﬁy et %g{%g?%érﬁn;m;qierﬁmﬂggﬂi val ent rglti o (i.e.,
car bonyhd taetagtyl@ningt i Suitalle adxamipled: df testiaipombndandings, irwhatlei trirsgthylamiredi nent
about 1:1.35. The ionic or nonionic conpound (ii) may be prese fn in.the

wat er fiieshylaminesi on aHIPEORYHBIBAL r at | FERPWYIAWTS, o abo‘ﬁg“%@}oglﬁ@lr@\% YAwine, g
one enbodi nent about 0.01 to about 15% 15 by wei ght, and in one enbodi nent
about 0.01 to about 10% by wei ght, and one enbodi nent about 0.01 to about
5% by Weight, and in one enbodi ment about 0.01 to about 3% by wei ght, and
in one enbodi ment about 0.1 to about 1 % by wei ght. The Water- Sol ubl e
Compound The wat er-sol ubl e conpound may be an am ne salt, ammonium salt,

I o ~ o~ o . I e g, T |




WO 02/ (1C-47(18 PCT/ USQOL/ ~s137 Z7 ammoni um acet ate, nethyl anmmoniumnitrate,
nmet hyl ammoni um acetate, ethylene diam ne diacetate, urea nitrate, urea and
guani di nwam2micsat e. Armonium nitrate is particul arly usefal/usdinsorte
enbodi ment, the water-sol uble conpourdd functions as an enul sion stabilizer,
i.e., (it acts to stabiljze the water-fyel enulsion. Thus, jn one .
enbodi wemfzthsﬁﬁ@wl%m@o AUBFtBYIBrapy AT % lrrgeﬂ}e/r"@%@mmrr% Hethylnea e,
emul si [ [ WEvAL ' enbodi nent, the
mater-@beggwg&g%%ggﬁn ?@%@%P&k@hggzgaggﬁgﬁg?F%ﬁmﬁﬁ%rover. A conbustion
i nprover i sThh@hie ety beechyayoxyhmimhiThethydtoyamite e@stet i@y Sseboridahyng r at e
of the fuel conposition. The presence of such a conbustion i nprover has the
_ef f ect tegiary apinsyihygicaHy. thelrdrotamings as Prizppne peradarysiertianyplighel angs nent
the water-s ng. i [ wat er-fuel emulsion in a
coﬁ%ustion-?ﬁ%@g%F%gﬁgﬁﬁdﬁp“§¥%é&§§ﬁ%%%ggFE%%Qﬁ%%npound may be present in
-the water-fuel emulsion at a concentration of about 0.001 to about 1% by
wei ght, and in ope enbodi ment from about 0.01 to about 1 % by weight.
Cet ane | nrmrover 15\b@éﬁuggﬁnbodinent, the water-fuel enulsion contains a
cet ane inprover.FFhe cetane inprovers that are useful include but are not
l;iﬂted to peroxides, nitrates, nitrites, nitrocarbamates, and the |ike.

ul cetane inprovers include but are not limted to nitropropane,
dinitropropane,nBéLranitronethane, 2-nitro-2-nethyl -1-butanol,
2-nethy|-2-vitro-;pﬂbﬁdﬁe+QHand the like. Also included are nitrate esters
of substituted oR "unsubstituted aliphatic 2 0 or cycloaliphatic al cohols
whi ch may be nonohydric or pol yhydric. These include substituted and
ungubstituted al gyl or cycloalkyl nitrates having up to about 10 carbon

atons, and in one bogli about 2 to about 10 carbon atonms. The al kyl
group may be either |inear or branched, or a m xture of |inear or branched
al kyl groups. Ex | es include nmethyl nitrate, ethyl nitrate, n-propyl

nitrate, isopropyl nitrate, allyl nitrate, n-butyl nitrate, isobutyl
nitrate, sec-butyl nitrate, Z 5 tert-butyl nitrate, n-anyl nitrate, isoanyl

nif{ate, 2-a nitrate -anyl Shitrate, .tert- Lhr - hex

A 2 EnerRi Y e e femurie R, RO B st ABksRbl O o LS ey
ni trat garbéir KEMY] or ANy HAIXS-suPst@EY hydrbdabiiill @roup ot R P E5YUY B chibbf @loths aal ehaphexyl
nitrate, nethylcycl ohexyl nitrate, and’i sopropyl cycl ohexyl nitrate. Al so

usef ul Raimdepindentlytis athydrosarbylgnenf.e.ah Kiyrlgnshysisadatbenggroap pph i abouhl esling such

as 2-ethoxyethyl nitrate,, 2-(2-ethoxy-et hoxy) ethyl njtrat .

2 ot nBOTSY oppie o2talh R 2Dk 1 S g TRrEr the, Bidonssupstiued g o)
ni trat gsdrestizhylafe grodp. RXAAPHENH 8RR1IEIMNEYAIRL 8 ardmbiseiridlip CBE @R@mBBAIAMERS | S
2-ethyl hexyl nitrate. The concentration of the cetane I nprover in the
weder - fRiels emacy¢lim straighber dirarohed cakdentt igaupo puchu s iethydene, tle2-prapyiete. t he
enul si W th t desj red cetane n er. In one WO (12/06. 17(1S

e Ushirttishe. S§-<ehilstithentc: fru SURcumeHSeRiR up P ca PRt Bbesuls, o
at a | I ; : 9 _tel ; [ yyaTatel a 0.05
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wei ght nitaogen ion soitfer)etwbfmtinme b, 64 it o108-dentwrabong stictuye. iiagiples afiduchi onal
Additives 5 I.n addition t he foregoin terial.s, other fuel additives
Phat | L hEtaey el TBiEs e N oD aryer P omhl s, hbrerbblingss hiper

[ ¢ i af: i i O i = bivi ed to
okl A0S, A RN, TARSI\ O, bt

bact er ndswatallyl ggemptaf, upgosevenivathohatens. met al deacti vators, upper cylinder
| ubricants,

and the like. These additional additives y be .used  at,
concentrati §H§§lﬁ? CWRIBS %f%"ui‘ebo_l’e W@?XW@F& inglude moppr- gg T’Yi]é”f’tg?%qlm%@?g ht of
s\gfg‘ﬁfhﬁﬁétﬂ}‘rigﬁmmﬁﬁﬁe? BRthyifhnblafiie, & BIFHABRY préR P Hmille, M- (3-RydbRButyl) % Dy
amine, N-(4-hydroxy butyl) amine, and N,N-di-(2-hydroxypropyl) amine.
35 The amine may be an alkylene polyamine. Especially useful are the alkylene polyamines

represented by the formula



The total concentration of chem cal additives, including the foregoing

emul sifiers, in the water-fuel enulsions of the invention nmay range from
about 0.@9 w2meeovut 30% by wei ght, and in one enbodi nent RBHUSNIGSI37t 0 about
20% by wei ght, and in one enbodi nent 18bout 0.1 to about 15 15% by wei ght,
and in one enbodi nent g’ﬂ% 0. 15}5 about 10% by wei ght, and in one

enbodi ment about 0.1 HH-Heylen ﬂgf/ wei ght. .Organi ¢ Sol vent The additives,

i ncluding the foregoi mg enul sifidars, may be diluted with a substantially
inert, normally liquiR organic s®& vent such as naphtha, benzene, tol uene,
xyl ene or diesel fuel to 20 forman additive concentrate which is then
mxed with the fuel and water to formthe water-fuel e Isi%n The

conc ﬁ nthereiad as wn Avgsegeatalle bebveen 4iang 2o d i andan gRs SIBBRAMEAPPY QatB@Egu‘QO% by
Moot bohe LA LRE PAOLR o RN o apBli1 ALK L, £iTHh ShOBRLERMGPRIAKD 1P 1O

about gani ¢ sol'vent, and 1 n one enbodi nent out 0.01 to

-about 0ol ¥eb&hitoma whdieacloREs RidbsaidemIythydbspen, £ diphttic @ Hydedxyesub&0% by
wei ght, and in one enbodi nent about 0.1 to about 5% by weight, and_ in one

enbodi st alighatie gooup efup v aborBd0nsarbrn giems. Ahgse adaseneplpmings gedude

nbodi nept . th ter-fuyel LS i | ' i f
agent . eftyengVRSE. e TR yRRs pyd e dRLERLHS G R oAl | EP2€
arg nO?ethy lei'hé pélyhRines, "ot eRciBicCexdhipted | of sREP pilyareneglificlode etilehedtimine,

il
et hanol , gl ycerol anc_f m xtures of two or nore thereof. The antifreeze agent
i s typdictilylepe trsedna triethyordtetmamiat. pyepydenefdiamiaatrimethyleag digming, &Erppdenst t he

wat er used.in the ter-fuel. emul si . The concentration i,s efore
dependEHE™Ho ﬁeq-%@%@ﬁp%qngq@pg,nf;qxaaﬁ&]%ﬂe ];ﬁgtamq, Heg{agéhé/%él Bex Lﬁl}g{gd Ph one
enbodi Whreéfh@o%?%ﬁ@il{e%dfp” is at alevel of up to WO 112/(117(18

PCT/ USA / ~5137 29 about 20% by wei ght based on the wei ght of the water-fuel
emul si on, aRBthyiane polyamiries diemseful. Mest ard ddscribedib sletail 206is15he headigigtEtheene i n

one enbodi nent__about 1 to abqut 10% wei ght anp 4. . Thi | e
prick/i dAsupgs ‘PIIF‘&‘%Q“&P?T\Pe%é’Q edizppt 5%@1&%}?@991165@%’ ﬁﬁﬁé’l‘“ |°i-?g2§c%3r t he
5 inveRsion gl I PGt A bSar&Y bWeneg ht .
Corrpongﬁt3236\l§ttj_l;%%er&gerr§lrg?&@ﬁsél ar %@%@Eﬁgﬁﬁgﬁ’l?%@@%ﬁgrz e s,

Pr oduc teaofiorEsfeth)lend BicBRpide 44 thEmmenihioe by 1412188 20 ad t6@lgaringne with a ring

Sol vent 21. 3910. 6962- Et hyl hexyl nitrateQ,4760. 238Ammoni um nitr t(?.
(54%9. SPEND ERENL FYcIfS WWH‘%&%%M%E"@FW% 1es Fé‘bﬂ}eeﬂog'ﬂf o34 ng a

el ST oF A B T B0 peall Sl o o
t g i ngipeelizRiess i n formulations A and B except for the water using
convent! OnalIn g]exérggddh};gr?t, trhgsznurllirtlg ir;% p(ylﬁsﬁﬁrlle lgcgjtgrﬁscgear?;e%eyll pgl?/grilﬁniey The rtgr)r%t ure
“polyamine bottoms” refers to those polyamines resulting from the stripping of a polyamine
mixture to remove lower molecular weight polyamines and volatile components to leave, as
residue, the polyamine bottoms. In one embodiment, the polyamine bottoms are characterized
25  as having less than about 2% by weight total diethylene triamine or triethylene tetramine. A
useful polyamine bottoms is available from Dow Chemical under the trade designation E-100.
This material is described as having a specific gravity at 15.6"C of 1.0168, a nitrogen content
of 33.15% by weight, and a viscosity at 40°C of 121 centistokes. Another polyamine bottoms
that may be used is commercially available from Union Carbide under the trade designation
30 HPA-X. This polyamine bottoms product contains cyclic condensation products such as
piperazine and higher analogs of diethylene triamine, triethylene tetramine, and the like.

The term “heavy polyamine” refers to polyamines that contain seven or more nitrogen

atoms per molecule, or polyamine oligomers containing seven or more nitrogens per molecule,



I's then m xed with the water under high-shear m xing conditions to provide
the water-diesel fuel enulsion. The high-shear m xer is provided by
Advancedwengim€®si ng Ltd. under Model No. 2 5 ADIL 4S- 30 ROUUSE/SHENt i fi ed
as a four-stage nmulti-shear in-line mM%er fitted with four superfine

di spersi pn heads and a doubl e actin hani cal seal.. anpl e 5 ditg] I
For mal 310 BYRCO e PHE A HBIHSY B0l | DIGE AFCPATRAR EOF DR O oo EP °"°
nuner i g80098! wWisish IsNHESROBR d DRl PMeforbibe RS itsSdi QoI G ¥uch B8y Polyafine.
i ndi cated belowis the sanme as 30 indicated in Exanple 3. Emulsifier 2 is

an est er/ safThe fuebpalublt gryduce big triap de pahl. amaister,emeesieMsal2 @0 @nida, lag timidet ed

a1 ght 3 CBRDIGN Gty o HETEH Y Ebln cBISals YRR 1R SA1G B BN GHES S 1 0 of
3 13 ool A g AR Lhd Ao ok Brb B ERg P Uk gues! T o
- MONOS Ub&domes i@IdIg hioded andiniangei Ayeviechip tie\same geoud; br irmaly bean edrsiassalng of
TP HBTomHbe (g sRl SRy G 31 h Tl GHRBAR S et Pt OB 63 Oler.

PCTI USI), 1 ~~137 +: ' L | opi r 1B A
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ni t rat gdyldidldbeAigariydmoaityl-aiieb nd@Dérditioynhvtiri 8EANI 3hé reswiting Midsotubilam
nitrate- -(50% by wt NH4ANO3 in water)Methanol 15 D_E78. 8078. 7819. 7020. 00-
- 0L B00prosiponis calBll egevarsud! $800.c350@stenbalt.- In ope prhedigeent, the angRG AN
6H3462

0. 500 BIYERe BsHOe. B MR GG sSSPl e A AL sty bRt =0

O gani gyheatu&ducémie AhblyBRdY, land Eﬂerrééﬁtirf’gnflﬁllbdlﬁbleigﬁ'dcﬁlbﬁis(a@ﬁ%ihﬁni‘dé. NHANO3 in
water) | 34 6 23.2 23.8 13 0.340 0.350 0.200 2 Example 7 From the above

descri pt i onTbé¢ reagtiombeseeemitic hydreearbydsubstiisedcashonylie dcidacylaéngagentynd|the
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enbodi nent s, is"to 30 be ‘understood that various nodifications thereof
Wi | | becamine appaixedtogethet fivideask itd & ehperaturb e the rangp ohfromadputcd0PQ éo about

specification, Therefore, it is {o he underst L hat the .invention

dl scl 0280 Chapdinronecipdiigufrors aﬁwgﬁ @%&%3&&?@ appeily 4o HeRPsRee f n ¢ he
scope qf. at . : Hededif has: 1.
A pr ocgé‘ghﬁgl’g@%%&éﬁﬁgg@?&sm yaé%%!é?%%gé}bﬁgﬁ érg’(?#&p{litsi ng?ed?%r)o%c?ggé;ri ng
a hydr éeraredoin énesinitmdiinentyvtbe hpdratar¥-sobstiputed cargoatio atid a0Mating agent and the

20 ammonia or amine are reacted in amounts sufficient to provide from about 0.3 to about 3

equivalents of hydrocarbyl-substituted carboxylic acid acylating agent per equivalent of ammonia
or amine. In one embodiment, this ratio is from about 0.5:1 to about 2:1, and in one embodiment

about 1:1.
In one embodiment, the fuel soluble product (i) comprises: (i)(a) a first fuel-soluble
25  product made by reacting a first hydrocarbyl-substituted carboxylic acid acylating agent with
ammonia or an amine, the hydrocarbyl substituent of said first acylating agent having about 50
to about 500 carbon atoms; and (i)(b) a second fuel-soluble product made by reacting a second
hydrocarbyl-substituted carboxylic acid acylating agent with ammonia or an amine, the
hydrocarbyl substituent of said second acylating agent having about 50 to about 500 carbon
30 atoms. In this embodiment, the products (i)(a) and (i)(b) are different. For example, the
molecular weight of the hydrocarbyl substituent for the first acylating agent may be different than
the molecular weight of the hydrocarbyl substituent for the second acylating agent. In one

embodiment, the number average molecular weight for the hydrocarbyl substituent for the first



5 about 99% by weight of a liquid hydrocarbon fuel and about 0.05%to about
25% by wei ght of an emulsifier wherein the emulsifier is conprised of (i)
at | eastwane/obameB - sol ubl e product nade by reacting at | ea®ET/GHE/45137

hydr ocar byl - substituted carboxylic ad® acyl ating agent with ammnia or an
am ne, t hydr ocar Qyl.- substi t d i t Vi : about
500 caPHnaRERR e T P o BRuEH0 T e 36E Tt b hem 3l 70
havi ng ooy dheRM300Carld the RlinbbCavealgd Resteiliaraiaptit for the hybiRiehrbdDsubkilituent a

m xture of (i) and (ii); or (iv) a water-sol uble conpound sel ected fromthe
group foorké stcond aoflatimg agens abayshe ianthre minge of aboyt 700 tqiabeits h38%nansl inpgrer o

ot Sapaednafofk Bus b RO hee oS irknBhApERch oo e S B 1 o,
(i) a,nat ?ﬂ%s&! H%B@i%%ﬂﬂ-@%éﬂt@&%@&iﬁié QRh{dHRIeI (HRUPOIORIIERd Abs@lueatTi ne

15 salts, a nium salts, azide conpounds, nitro conpounds, nitrate esters,
- ni t r anhaving ahkmaber anatgd meketuls; weightalfiabent 4500 to 2hete}008adndsn camemhodimegntes
thereof, in nbipation with (J), (i.i), or (iii nd wherei.n.the

hyelr ocahaerl S0t Aot 14006 his fiberthnesbitiiABRs s SUBHHASm oDy

wei ght yof. &L jogu Noddisl Qb 1.9 (3RS 255% @1 &

enul si ?l?%?&m?egw(yg'\t *I%égnﬂ; SI g??haﬁﬁjﬁem%%%?g?%nén fuel ztand enmul sifi enr wth a
wat er sinkbdinenssionc 1 §do abaun 2t haicgmaugrospssr stiiingleotf weighiatfahe polyisobutene

wat er-antifreeze, water ammoni um pi t{ﬂ?t ? wat er-antifreeze anﬁoni,um njtrate
m 3Q ur aubstitugrfnifihg amivgased fe st ek slyhle produtdBize Ny de 38 AlBef amine an
fuel / addi ti I i art | i In : i er of
ar oat of Ciediy B LS AP e bl Pt BhctaP Tkt CcBng hs otk NanaRERABLRAR,
ratio gdiddcyadmpdeaemap be bipelyiabdiche-velstinited suceinioanttiede,itse polyishleuterenge of
about 85 to about 95 to about 15 to about 5, and wherein the hydrocarbon

f uel / asuhstifugriof shidiseqond pphyisebafenesybstitated sugdiuc pphydadehavipgpypumbes a¥eipsons t o

ange BBt et of Sopr R ieGepeiion b Ghe B alnl PSR wipbd! foob he

t remst eryid f8ohdigol}aLRRT-duBstitaRdshemit Bt ydadel hiay be chardttstisd Hyabdutdl.@tsecond
enmul sification device; (d) m xing the aqueous hydrocarbon fuel/additive

emul si abowtl.3a anchinconeemitodzment labowl ) i abaut b2 8UGSHIE BOUPES RerLQuivalenhyeightrean

di f han 1. in.the secar i ficati GE WO
021 06 87158 PalyPuieORRyp et SHhe lyiny e B <EEH R4 BRI g
fuel addhf hkEndmMline &MY the gmzdﬁéﬁﬁajwintt@e Rrdlo¥hageet/ ok or thB @f@iembyige @ OCESS

iS a continuous process. The process of claim1l wherein the
wat er - alilylebk @obenpouant the rodwntinay be inrthe dorm 8f amuecipimides dheffuddisalublel

or S Pric ey e Singhigiunst Bl Tare Sork o takivhiehh el i FRESmBPERSEEL " oo
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selected from 10 the group consi sting of po1_yam ne bottons, at |east one
heavy pod jreenerembprdinentiziboat 709h o aboat 80% bysveighieof phapredactdi(l ai m 1

i Si ddi addi t | h b fuel /additi 1 X
celbct ot 1 ShePnEnBRaRien ohé Fud Ralybf i 18 PRrste R G fsh Rlarghattytr ©
sol Vems?bsti%&f&i BLbaIR achd Ek%ﬂatfdée‘{feﬁ’tgﬂ{et Hydescafdldl sgiBichabf 908 firdiec@afing N the

range of about 1% to about "40% by wei ght” of an additive enulsifier mXxture.
5. 2T he apem desiag abowt| ) tmabowtdififrdashancatarosizind (i (h) tatsecdnddrysieenaguyh-substituted

fuel /additives m xture and the ter prior to the firs I xing device, in
the F. FEDORIIUEIG AGulink o5t SR BRON LD Lo LR P BRI AR FBEE | 5 no
agi ng j it ; L5 sloma Jenpt

ool o APolfs0 DA M fomE Sy ChoPRHRL aBUT ufd BAIEIMRARY DR eche!
cl ai m beitgaheisame loe diffetentc asit divstf acglatiag dptrit\and smidktenoms adylasing agentbging e i n

.the range of about of 10 gall ons, tg about 600 gﬁl l.ons per minute and the
wat er £oupled together by aiking ergpdlarivgd frater GOmROHRT RayiREtWOr OTIRIE PIPEYFRMM dns t o

abgyt Q Shiin ' - lhadeliehdt V&S
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results in an 3 0 enmul sion having a nmean droplet particle size. in thearange

of abow@roupraagbleastigap hydsguyl group; said coupled acylating agents being reacted with ammoni

or an amine. The molecular weight of the hydrocarbyl substituent for the first acylating agent




m cron to about 1000 m crons and wherein the second enul sification results
in an emul sion as having a nean droplet particle size in the range of about
.01 m crwo @keocaboOUt 1 mi cron. WO (12/ U(~7U8 PCT/ USI | | / -i¢3180183138. An
apparatus for continuously neking a a&dueous hydrocarbon fuel conprising:
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pi pel i ofeths pellyisobuténeesubstitmyntir B first aﬂd&msembed hy@scarbyitsabstﬂntad carhexylicatider s,
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made bymb&Aslehngb@i Jooat abvne 1006 r dbhdy fiyst -asdtos tsecandepblgiaobuand-subs dioied

acyl ating agent wth ) . .
succinic anhydride may be characterized by about 1.0 to about 1.3, and in one embodiment about

1.0 to about 1.2 succinic groups per equivalent weight of the polyisobutene substituent. The
linking group may be derived from any of the amines or hydroxamines discussed above having

20  two or more primary amino groups, two or more secondary amino groups, at least one primary
amino group and at least one secondary amino group, or at least one primary or secondary amino
group and at least one hydroxyl group. The linking group may also be derived from a polyol.
The polyol may be a compound represented by the formula

R—(OH)y

25  wherein in the foregoing formula, R is an organic group having a valency of m, R is joined to the
OH groups through carbon-to-oxygen bonds, and m is an integer from 2 to about 10, and in one
embodiment 2 to about 6. The polyol may be a glycol. The alkylene glycols are useful.
Examples of the polyols that may be used include ethylene glycol, diethylene glycol, triethylene
glycol, tetracthylene glycol, propylene glycol, dipropylene glycol, tripropylene glycol, dibutylene

30 glycol, tributylene glycol, 1,2-butanediol, 2,3-dimethyl-2,3-butanediol, 2,3-hexanediol, 1,2-
cyclohexanediol, pentaerythritol, dipentaerythritol, 1,7-heptanediol, 2,4-heptanediol, 1,2,3-
hexanetriol, 1,2,4-hexanetriol, 1,2,5-hexanetriol, 2,3,4-hexanetriol, 1,2,3-butanetriol, 1,2,4-

butanetriol, 2,2,66-tetrakis-(hydroxymethyl) cyclohexanol, 1,10-decanediol, digitalose, 2-



WO 02/ 06-4708 PCT/ USf| 1/ ~5137 34 anmoni a or an am ne, the

hydr ocar byl - substituted acyl ati ng agent havi ng about 50 to about 500 carbon
atoms; (wo)oizat4heast one of an ionic or non-ionic conpourRCTHESIIAYIA
hydrophilic-1ipophilic balance of aba2 1 to about 40; (iii) a mxture of
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on the linking compound. For example, if an equal molar ratio of the first and second acylating
10  agents is reacted with ethylene glycol, the product would be comprised of a mixture of (1) about

50% of compounds wherein one molecule the first acylating agent is linked to one molecule of

the second acylating agent through the ethylene glycol; (2) about 25% of compounds wherein two

molecules of the first acylating agent are linked together through the ethylene glycol; and (3)

about 25% of compounds wherein two molecules of the second acylating agent are linked
15  together through the ethylene glycol.

The reaction between the linked acylating agents and the ammonia or amine may be
carried out under salt, ester/salt, amide or imide forming conditions using conventional
techniques. Typically, these components are mixed together and heated to a temperature in the
range of about 20(1C up to the decomposition temperature of the reaction component and/or

20  product having the lowest such temperature, and in one embodiment about 50°C to about 130°C,
and in one embodiment about 80°C to about 110°C; optionally, in the presence of a normally
liquid, substantially inert organic liquid solvent/diluent, until the desired salt product has formed.

The following examples are provided to illustrate the preparation of the fuel-soluble
products (i) discussed above.

25 Example 2

A twelve-liter, four-neck flask is charged with Adibis ADX 101G (7513 grams). Adibis
ADX 101G, which is a product available from Lubrizol Adibis, is comprised of a polyisobutene-
substituted succinic anhydride mixture wherein 60% by weight is a first polyisobutene-
substituted succinic anhydride wherein the polyisobutene substituent has a number average

30 molecular weight of 2300 and is derived from a polyisobutene having methylvinylidene isomer
content of 80% by weight, and 40% by weight is a second polyisobutene-substituted succinic
anhydride wherein the polyisobutene substituent has a number average molecular weight of 1000

and is derived from a polyisobutene having methylvinylidene isomer content of 85% by weight.
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10 A three-liter, four-neck flask is charged with Adibis ADX 101G (1410 grams). The flask

is equipped with an overhead stirrer, a thermocouple, an addition funnel topped with an N; inlet,
and a condenser. The succinic anhydride mixture is stirred and heated to 61°C. Ethylene glycol
(26.3 grams) is added via the addition funnel over five minutes. The resulting mixture is stirred
and heated to 105-110°C and maintained at that temperature for 4.5 hours. The mixture is cooled

15 to 96°C, and dimethylaminoethanol (77.1 grams) is charged to the mixture over 5 minutes such
that the reaction temperature does not exceed 100°C. The mixture is maintained at 95°C for 1
hour, and then at 160°C for 4 hours. The product is a brown, viscous product.

The fuel-soluble product (i) may be present in the water-fuel emulsion at a concentration
of up to about 15% by weight based on the overall weight of the emulsion, and in one

20  embodiment about 0.1 to about 15% by weight, and an one embodiment about 0.1 to about 10%
by weight, and in one embodiment about 0.1 to about 5% by weight, and in one embodiment
about 0.1 to about 2% by weight, and in one embodiment about 0.1 to about 1% by weight, and
in one embodiment about 0.1 to about 0.7% by weight.

The lonic or Nonionic Compound (ii)

25 The ionic or nonionic compound (ii) has a hydrophilic-lipophilic balance (HLB, which
refers to the size and strength of the polar (hydrophilic) and non-polar (lipophilic) groups on the
surfactant molecule) in the range of about 1 to about 40, and in one embodiment about 4 to about
15. Examples of these compounds are disclosed in McCutcheon’s Emulsifiers and Detergents,

1998, North American & International Edition. Pages 1-235 of the North American Edition and

30  pages 1-199 of the International Edition are incorporated herein by reference for their disclosure
of such ionic and nonionic compounds having an HLB in the range of about 1 to about 40, in one
embodiment about 1 to about 30, in one embodiment about 1 to 20, and in another embodiment

about 1 to about 10. Useful compounds include alkanolamides, alkylarylsulfonates, amine
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1 (5%‘ Ol(ygg‘thﬁ anc‘d/ Q{@e@hgng Vs gh%%n%ﬁves, monoglycerides and derivatives, olefin sulfonates,

phosphate esters and derivatives, propoxylated and ethoxylated fatty acids or alcohols or alkyl
phenols, sorbitan derivatives, sucrose esters and derivatives, sulfates or alcohols or ethoxylated
alcohols or fatty esters, sulfonates of dodecyl! and tridecyl benzenes or condensed naphthalenes
or petroleum, sulfosuccinates and derivatives, and tridecyl and dodecyl benzene sulfonic acids.
10 In one embodiment, the ionic or nonionic compound (ii) is a fuel-soluble product made
by reacting an acylating agent having about 12 to about 30 carbon atoms with ammonia or an
amine. The acylating agent may contain about 12 to about 24 carbon atoms, and in one
embodiment about 12 to about 18 carbon atoms. The acylating agent may be a carboxylic acid
or a reactive equivalent thereof. The reactive equivalents include acid halides, anhydrides, esters,
15  and the like. These acylating agents may be monobasic acids or polybasic acids. The polybasic
acids are preferably dicarboxylic, although tri- and tetra-carboxylic acids may be used. These
acylating agents may be fatty acids. Examples include myristic acid, palmitic acid, stearic acid,
oleic acid, linoleic acid, linolenic acid, and the like. These acylating agents may be succinic acids

or anhydrides represented, respectively, by the formulae

R--CHCOOH or R— CHC /O

CH,COOH CH,C

20
wherein each of the foregoing formulae R is a hydrocarbyl group of about 10 to about 28 carbon

atoms, and in one embodiment about 12 to about 20 carbon atoms. Examples include
tetrapropylene-substituted succinic acid or anhydride, hexadecyl succinic acid or anhydride, and
the like. The amine may be any of the amines described above as being useful in making the
25  fuel-soluble product (i). The product of the reaction between the acylating agent and the
ammonia or amine may be a salt, an ester, an amide, an imide, or a combination thereof. The salt
may be an internal salt involving residues of a molecule of the acylating agent and the ammonia
or amine wherein one of the carboxyl groups becomes ionically bound to a nitrogen atom within

the same group; or it may be an external salt wherein the ionic salt group is formed with a
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1( /d'ocyﬁgﬁd( }1e ammonia or amine is carried out under conditions that provide for the formation of the
desired product. Typically, the acylating agent and the ammonia or amine are mixed together and
heated to a temperature in the range of from about 50°C to about 250°C, and in one embodiment
5  from about 80°C to about 200°C; optionally in the presence of a normally liquid, substantially
inert organic liquid solvent/diluent, until the desired product has formed. In one embodiment,
the acylating agent and the ammonia or amine are reacted in amounts sufficient to provide from
about 0.3 to about 3 equivalents of acylating agent per equivalent of ammonia or amine. In one
embodiment, this ratio is from about 0.5:1 to about 2:1, and in one embodiment about 1:1.
10 In one embodiment, the ionic or nonionic compound (ii) is an ester/salt made by reacting
hexadecyl succinic anhydride with dimethylethanol amine in an equivalent ratio (i.e., carbonyl
to amine ratio) of about 1:1 to about 1:1.5, and in one embodiment about 1:1.35.
The ionic or nonionic compound (ii) may be present in the water fuel emulsion at a
concentration of up to about 15% by weight, and in one embodiment about 0.01 to about 15%
15 by weight, and in one embodiment about 0.01 to about 10% by weight, and one embodiment
about 0.01 to about 5% by weight, and in one embodiment about 0.01 to about 3% by weight,
and in one embodiment about 0.1 to about 1% by weight.

The Water-Soluble Compound

The water-soluble compound may be an amine salt, ammonium salt, azide compound,
20  nitro compound, alkali metal salt, alkaline earth metal salt, or mixtures of two or more thereof.
These compounds are distinct from the fuel-soluble product (i) and the ionic or nonionic
compound (ii) discussed above. These water-soluble compounds include organic amine nitrates,
nitrate esters, azides, nitramines and nitro compounds. Also included are alkali and alkaline
ecarth metal carbonates, sulfates, sulfides, sulfonates, and the like.
25 Particularly useful are the amine or ammonium salts represented by the formula
k[G(NR;),]"" nX"
wherein G is hydrogen or an organic group of 1 to about 8 carbon atoms, and in one embodiment
1 to about 2 carbon atoms, having a valence of y; each R independently is hydrogen or a
hydrocarbyl group of 1 to about 10 carbon atoms, and in one embodiment 1 to about 5 carbon
30  atoms, and in one embodiment 1 to about 2 carbon atoms; X*" is an anion having a valence of p;
and k, y, n and p are independently integers of at least 1. When G is H, yis 1. The sum of the
positive charge ky" is equal to the sum of the negative charge nX”. In one embodiment, X is a

nitrate ion; and in one embodiment it is an acetate ion. Examples include ammonium nitrate,
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#(y‘iO%&diQétate, urea nitrate, urea and guanidinium nitrate. Ammonium nitrate is particularly useful.
In one embodiment, the water-soluble compound functions as an emulsion stabilizer, i.e.,
it acts to stabilize the water-fuel emulsion. Thus, in one embodiment, the water-soluble
5  compound is present in the water fuel emulsion in an emulsion stabilizing amount.
In one embodiment, the water-soluble compound functions as a combustion improver.
A combustion improver is characterized by its ability to increase the mass burning rate of the
fuel composition. The presence of such a combustion improver has the effect of improving the
power output of an engine. Thus, in one embodiment, the water-soluble compound is present
10  in the water-fuel emulsion in a combustion-improving amount.
The water-soluble compound may be present in the water-fuel emulsion at a
concentration of about 0.001 to about 1% by weight, and in one embodiment from about 0.01 to

about 1% by weight.

Cetane Improver

15 In one embodiment, the water-fuel emulsion contains a cetane improver. The cetane
improvers that are useful include but are not limited to peroxides, nitrates, nitrites,
nitrocarbamates, and the like. Useful cetane improvers include but are not limited to
nitropropane, dinitropropane, tetranitromethane, 2-nitro-2-methyl-1-butanol, 2-methyl-2-nitro-1-
propanol, and the like. Also included are nitrate esters of substituted or unsubstituted aliphatic

20  orcycloaliphatic alcohols which may be monohydric or polyhydric. These include substituted
and unsubstituted alkyl or cycloalkyl nitrates having up to about 10 carbon atoms, and in one
embodiment about 2 to about 10 carbon atoms. The alkyl group may be either linear or branched,
or a mixture of linear or branched alkyl groups. Examples include methyl nitrate, ethyl nitrate,
n-propyl nitrate, isopropyl nitrate, allyl nitrate, n-butyl nitrate, isobutyl nitrate, sec-butyl nitrate,

25  tert-butyl nitrate, n-amyl nitrate, isoamyl nitrate, 2-amyl nitrate, 3-amyl nitrate, tert-amyl nitrate,
n-hexyl nitrate, n-heptyl nitrate, n-octyl nitrate, 2-ethylhexyl nitrate, sec-octyl nitrate, n-nonyl
nitrate, n-decyl nitrate, cyclopentyl nitrate, cyclohexyl nitrate, methylcyclohexyl nitrate, and
isopropylcyclohexyl nitrate. Also useful are the nitrate esters of alkoxy-substituted aliphatic
alcohols such as 2-ethoxyethyl nitrate, 2-(2-ethoxy-ethoxy) ethyl nitrate, 1-methoxypropyl-2-

30 nitrate, 4-ethoxybutyl nitrate, etc., as well as diol nitrates such as 1,6-hexamethylene dinitrate.
A useful cetane improver is 2-ethylhexyl nitrate.

The concentration of the cetane improver in the water-fuel emulsion may be at any

concentration sufficient to provide the emulsion with the desired cetane number. In one
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The total concentration of chemical additives, including the foregoing emulsifiers, in the
water-fuel emulsions of the invention may range from about 0.05 to about 30% by weight, and
in one embodiment about 0.1 to about 20% by weight, and in one embodiment about 0.1 to about

15 15% by weight, and in one embodiment about 0.1 to about 10% by weight, and in one
embodiment about 0.1 to about 5% by weight.
Organic Solvent

The additives, including the foregoing emulsifiers, may be diluted with a substantially

inert, normally liquid organic solvent such as naphtha, benzene, toluene, xylene or diesel fuel to

20  form an additive concentrate which is then mixed with the fuel and water to form the water-fuel
emulsion. These concentrates (extrapolate) generally contain from about 10% to about 90% by
weight of the foregoing solvent.

The water-fuel emulsions may contain up to about 60% by weight organic solvent, and
in one embodiment about 0.01 to about 50% by weight, and in one embodiment about 0.01 to

25  about 20% by weight, and in one embodiment about 0.1 to about 5% by weight, and in one
embodiment about 0.1 to about 3% by weight.
Antifreeze Agent
In one embodiment, the water-fuel emulsions of the invention contain an antifreeze agent.
The antifreeze agent is typically an alcohol. Examples include but are not limited to ethylene
30  glycol, propylene glycol, methanol, ethanol, glycerol and mixtures of two or more thereof. The
antifreeze agent is typically used at a concentration sufficient to prevent freezing of the water
used in the water-fuel emulsions. The concentration is therefore dependent upon the temperature

at which the fuel is stored or used. In one embodiment, the concentration is at a level of up to
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'Ester/salt prepared by reacting a hexadecyl succinic anhydride with dimethylethanol amine at

a mole ratio of 1:1.35.

2Aliphatic solvent.

20
The emulsion is prepared by mixing all of the ingredients in formulations A and B except
for the water using conventional mixing. The resulting diesel fuel-chemical additives mixture
is then mixed with the water under high-shear mixing conditions to provide the water-diesel fuel
emulsion. The high-shear mixer is provided by Advanced Engineering Ltd. under Model No.
25  ADIL 4S-30 and is identified as a four-stage multi-shear in-line mixer fitted with four superfine
dispersion heads and a double acting mechanical seal.
Example 5
Additional formulations for the water-fuel emulsions are indicated below. The numerical
values indicated below are in parts by weight. Emulsifier 1 indicated below is the same as
30 indicated in Example 3. Emulsifier 2 is an ester/salt prepared by reacting polyisobutene-
(M,=2000) substituted succinic anhydride (ratio of succinic groups to polyisobutene equivalent
weights of 1.7) with dimethylethanol amine in an equivalent weight ratio of 1:1 (1 mole succinic
anhydride acid group to 2 moles of amine). Emulsifier 3 is a succinimide derived from
polyisobutene-(Mn=1000) substituted monosuccinic anhydride and an ethylene polyamine
35  mixture consisting of approximately 80% by weight heavy polyamine and 20% by weight

diethylene triamine. The Organic Solvent is an aromatic solvent.



1098 M&' ()- 9M 1098 M&' ()-10' 10' -<N|[: A410' SS #109M M& ()- @109 M& () -
SH1098M M&' () - ~&109%V M&' ()- 109 M& ()- @O0%V M& ()-N_f9|[: A410"
~294.090 WIS (2064708 +810% & ()- fL*#109M M ()- S #109%V M&' PQF/USOL-G0 V& () -
#1090 M&' () - F5WW10 " &YA0% & ()-F ~&AD% ([ & ()-F ( ~&A0%' h& ()-F
(10M MLOM MLOM M 7z#10%M M& () - 294.0%&' ()-1s+R| [: W610 N&10% & ()-
PEL0% & () - k810% & ()- |810% & ()- y&10%& ()- paIO% & ()- yyUslo
9#10% &' O s 9#10%2@&P&' () - S8a(10( 10( §10%1 & (¥ 1 100 () -
f/' 100 (ﬁﬁ ? vuﬁéé S#10‘7 &' () - & () Lar#1006/878 () -
&109% ' Dgiopire Wate%ﬁm% éz g) L9dR % ' : & ()20 001 m | [ v@szo &10769g L& () -
#ﬁo%imuwﬁeﬁl 9* 10960608 () - A 10% ° &'( 0 s&#lo%m&'() 00
Fcy&lovﬁmul&lf'e% /-./00RVUAL0 $&&0PB0: () 31 10% &"%410 1008319 * .
y: #10%Emukatg5 ~5810% & ()-m f @#10% 89 Ro| [ : vUAPT$ | #109% & () -
f&10°/¢( Qrgapic Solve1 004 &' ﬁ #1090850) - & P& ()- #10% & () - ?0[ vU410 $
.S, , 109Ehylbexylpirar) 0o &- @ #90Y% & () 03R10% & (9714 | #1094%2
&1113/4&A(r9momwt}rpma101o@1?@@10( SOﬂﬂ!@%{&'() == 12" 10% &-13p- 12" 10%4
@ @+ 100 tfs)wt NELNS:Goqvaten)) - K| [ : NA41010 t YS&10% & () - % &109% I\/&'()-
k&10% An(onu@eA@as M8 (Y- F 989 0%t #& ():200 9&VAOYUCTECE ()-F- GVQ [ : - 410'
YS&109458% Dy W6 NISRUM %6 &AtED) - % aYSE&LOYM M& () - % YS&L0% & () - % YS&L0% & () -
~YS&108efiatigl- %IbA410" |, 10% ' : &00)- 9L9A0% ' : & ()- -- #10% ' : & f)-
#1096 0 & ()-Y 9:110% ' : & ()-10' 10" A [: A410' Z10% ' : & ()- @#10%':& ()-
@10%': & ()- @10%':& ()- ~&LOBka@hpde6 p&10% & ()-.D|[: A410' ~, 1090& ()-
F(#10% & ()- x1&10% & ()- 1810% & ()- SS #10% & (}- 10%': & ()-
SM[:-410' }5&10% & ()- yF4#10%':& ()- & 2

Product of Example 2 34 -
Product of Example 3 - 34
20  Emulsifier 1 6 6
Organic Solvent 23.2 23.2
2-Ethylhexyl nitrate 23.8 23.8
Ammonium nitrate 13 13
(54% by wt NH4NOs3 in water)
25 Example 7

From the above description of examples and invention, those skilled in the art will
perceive improvements, changes and modifications in the invention. Such improvements,
changes and modifications are intended to be covered by the claims.

While the invention has been explained in relation to its preferred embodiments, it is to

30 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 appended claims.
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selected from the group consisting of a water, water-antifreeze, water ammonium nitrate,
water-antifreeze ammonium nitrate mixture or combinations thereof to form an aqueous
hydrocarbon fuel/additive emulsion with a water particle size having a mean diameter of
greater than 1 micron in a first emulsification device and wherein the ratio of
25 hydrocarbon fuel/additives mixture to water is in the range of about 85 to about 95 to
about 15 to about 5, and wherein the hydrocarbon fuel/additives mixture flows at a rate
in the range of about 0.5 gallons to about 1000 gallons per minute and the water mixture
flows at a rate in the range of about of 0.5 gallons to about 1000 gallons;
(©) directly transferring the aqueous hydrocarbon fuel/additive emulsion to
30 a second emulsification device;
(d) mixing the aqueous hydrocarbon fuel/additive emulsion at a rate to shear

the emulsion to a particle size having a mean diameter of less than 1 micron in the second

emulsification device;
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4. The process of claim 1 comprising adding an additive to the hydrocarbon
fuel/additives mixture selected from the group consisting of cetane improvers, organic

15 solvents, surfactants, other fuel additives and combinations thereof in the range of about

1% to about 40% by weight of an additive emulsifier mixture.

5. The process of claim 1 comprising combining the hydrocarbon fuel/additives
mixture and the water prior to the first mixing device, in the first mixing device or
20 combinations thereof and wherein there is no aging of the hydrocarbon fuel additive

water emulsion between the first emulsification step and the second emulsification step.

6. The process of claim 1 wherein the hydrocarbon fuel/additives mixtures flows at
a rate in the range of about of 10 gallons to about 600 gallons per minute and the water
25 mixture flows at about a rate in the range of about 10 gallons to about 600 gallons, and
wherein the ratio of hydrocarbon fuel/additives mixture to water is in the range of about

85 to about 95 to about 15 to about 5.

7. The process of claim 1 wherein when the first emulsification results in an
30 emulsion having a mean droplet particle size in the range of about greater than about 1
micron to about 1000 microns and wherein the second emulsification results in an
emulsion as having a mean droplet particle size in the range of about .01 micron to about

1 micron.
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continuous process;

wherein the aqueous hydrocarbon fuel emulsion has a mean droplet particle size
of less than 1 micron.
20
9. The apparatus of claim 8 wherein the first emulsification device is selected from
a group consisting of shear mixers, mechanical mixers, agitator, stir tank, static mixers,
sonic mixers, pipeline static mixers, hydraulic shear mixers, rotational shears mixers,
aquashear mixers, high-pressure homogenizer, and combinations thereof, and wherein
25 the second emulsification device is selected from the group consisting of high shear
mixers selected from the group consisting of aquashear mixers, pipeline static mixers,
hydraulic shear devices, rotational shear mixers, ultrasonic mixing, and combinations

thereof.

30 10.  The apparatus as of claim 8 wherein the hydrocarbon fuel/additives mixture
comprises about 50% to about 99% by weight liquid hydrocarbon fuel and about 0.05%
to about 25% by weight of an emulsifier comprising (i) at least one fuel-soluble product

made by reacting at least one hydrocarbyl-substituted carboxylic acid acylating agent with
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ammonia or an amine, the hydrocarbyl-substituted acylating agent having about 50 to
about 500 carbon atoms; (ii) at least one of an ionic or non-ionic compound having a
hydrophilic-lipophilic balance of about 1 to about 40; (iii) a mixture of (i) and (ii) or (iv)
a water-soluble compound selected from the group consisting of amine salts, ammonium
5 salts, azide compounds, nitro compounds, nitrate esters, nitramine, alkali metal salts,

alkaline earth metal salts and mixtures thereof, in combinations with (i), (ii) or (iii).



