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'*166166* BACKGROUND OF THE | NVENTI ON Di esel fuel is a mxture of a i {/
of hydrocarbons. Mst of the 5 hydrocarbons are aliphatic, but aromatics

. may be present at up to twenty to twenty five weight percent of the fuel.
The mixture can al so i DEESEE HEEbANEIBOAYRCOMPOSITEON f uel |

used in notor vehicles, and has a tendency to foam profusely \mgmmwm“m
poured into the fuel tank of a notor vehicle. It is therefore

reduce syg kgﬁ@@g{) HPigiE pevERaesconpl i shed by the addition of
def oaner. 8 conpani es treat |esel fuel with organic addltlves such

as detergents, cet dbiesdl fipsl dvenixtusd sfeomiriely dfifgdiczatboandMoscathenal |y
perfunes, frequently as a prebl ended m xture of additives collectively

referred hYérq&grb&ns prsmliphatics huwpmewmawybmr@sw 8t e tpyne@qyép teentpAewhi ch it
typical | %ve‘#%lﬁ%eg&wofftﬂé pﬂ%"tﬂ%%‘%&r chi gleg‘fﬂhdcfé‘x‘éeﬁqg% se‘i’ 5-%1 ol ¢

.1
addi tives e conpatible Wit oaner Yered

to fillingnhaily assl ialnsoneshidiey) bad nassaxaﬁd@apwfoaﬁfprdﬁsagrm 1ors di ssol ved
wat er whi ch can adversely affect the performance characteristics of

previ ous Wuraddm th@fl!fé of amommf@c‘rle cauwgreéoraéeagabimtoaed@aﬁvﬁg
characterfJ stics in.sonme ext L EE £35S se the defoaner to
enhance f8amrﬂ$g ’rc tcﬁIéPeP%coﬁlpsﬁ Fess ?“guoﬁ @ﬁt’aﬁlgf oamers al so can
resultjg n incr easeobﬁba@lganése@w@utebarfuelnvﬁmagaﬁielad@iqv&@alfoh ds@feteRddnts,

silicones are known to defoam di esel fuel. However, the introduction of
si | i con icatape énpioNerssyiseasivy breaket ané opapsionsléy mrﬁmssfrs@enﬂgaea eX| sts a need

appl | oat MRS mixEEt oL GBI PR B a1 AT Bhel BRRoLTAY 1 oxane

for use agsds 85mqﬁéfeﬁe@mmﬁircﬁhtrtyglbaw@éex%h g%ﬁﬂﬁxmg “atthWrVﬁier Xt h
pol yet her side chains that provide at |east wei ght percent of the

copol ynerof thésaerganic atdldészes puist/bs ¢Q§mlélecwpbﬂwrbf®m not work well in wet
di esel, fuel becaus rs, dro c material, will tend to

st abi !]isfze t he foam %ffu‘?t*x‘egeqvﬁéq% % ?t?) SI 0 TRy GORAR FYRE APBPRALy t hese
polysilo Feedd? bisBSive RERPiwhith c'aﬁ‘é@'i'e?sé A g &?1%' S hafdQhErabR §t?cs

desirable 30 1 n engline systens. DE 4 escrl es a process
def oani n@f @m:ioimxslydlagarasdafgamergaﬁhe whte’r cam;em@ Hecay i3 ddfdmnﬁfgo.ihasa;ztehsm

i ncludi ng di.esel oil adding a f pressant contalnl n
or ganopola?g i %ﬁéx%rrﬁ%g"‘\ﬁ Wﬁ&?@dﬁgwﬁéﬁﬁ‘ﬁ Qcenhancg; eaawgn@%é%ﬂ this foam
SUPPT €SS afihniess it.NGhcH »wetfogmaﬁie?s%alm gth Jeanﬁ nsmafeas%a lsmagg deﬂéﬂitﬁ;‘ﬂ iff 8t 1261

harnful to engl nes. dition, 1t can be i1nconpatible wth some DAPS and
does rft tage well. US 5,542,960 descri bes a cl ass of organosilicone

t er pol ynmers whi ch be sed to abate th mn f_diesel fuel. The
terpol yners are pr%faé‘ﬂﬂgfprﬁﬁéfetlfr}?ﬁ’nptﬂélﬁ& &F?e\;gﬁ?vgogﬁ}ﬁ?ﬁhf’uents and

pol yet her; : | oxane
Dol yrrer 1 me o 4P B R e A O S S5 er e et

met hyl polty gtdvadeliosd ditioon dmtetnsdétbanﬁ(grsysti:ﬁxsﬂia diéskl 82 dmstcntidias sil i cone -
di esel defoaners which include, on the pm{'organom I oxane backbone, a

m xture of nethyl grodg90.6884mbed i Adrmostahydiscleseyr Balysiloxsne {riseas §r oups-
and r si |l i oxane
ol y er et Patertf B poty AR R oG SR LA RORAES L

cont ent cp‘roﬁdé at lehe @5 evedgiipercghtoafiiie ddpolyrhah Howdver) ¢heat pblgaiddxahewo hydr oxyl

groups or derivatives thereof. Recent diesel fuel speC|f| cati %Qs have
resul t ed SopolyEmsasdpetaveriavell inaved disselfus! bannuse thessshers.ps ady Brpatibility

pr obl ems ikt ySip £08% ASEABIRSah RSB0 B EAN AR ur t her

i mprovenments T h silicone mng erficiency E | NVENTI ON
The pr eseaibpdriviBbie [y stoRticd BfusebalpieSaier 1esyls irttiefed fuel bb®R! thbdéelesidble h
conprises a novel, 'synergistic blend of silicone polynmers and/or a silicone
pol yne30 ha\mglgeaystcmel bl end of organi ¢ substituents thereon The novel

def oarter syt em pr oxLdgs, Gieell ol SOMmAl KbiLkL i Ly ULl Rpsieoes
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25 additive packages. The conpatibility inprovenments are seen to bel ﬂ{m 5083
‘a very low silicone treat rate required using the inventive defoaner
systens and to the fact that | ow to noderate nol ecul ar wei ght silicone
.backbones are enpl oyed, which are nore soluble in the blend of additives.

I n one r egprRais, inchingniiese! bid/byi dildmgefoaa@ibpreesinosdrtiifingfaar di esel fuel 30
whi ch conprises i) a mxture of Silicones A) and B) or ||) a Silicone O
wher ei n SIRnopalyshoxane vigopnsatpared sidedhpinend d@ﬂadvmagfemfmlms éoanz 13 JUN 2003

|R n?egeggésﬁb%g% lspﬁgﬂtoégon‘t%s(lggg% SFQf(SJ‘fOﬁnW%ﬂPZEﬁ%ﬁPP% &k“g%olur)s are

al i phat i GdanHmOR2aR B8 irtbRIpRIbIEZitSsom A PEYAY | H&es(?l'bgﬁé'& \QelgrOUp R3is a5 10
pol yet her group conprising about 50% or nore ethylene oxide units and

havi ng & nol ecul ar UBiSgH#2,%0 dgpcrib@s aﬁhﬁs ofRrgamosdivone teapilympisevitth magr oup;
RSis a as (defined for

hat ydr oxyl t her eof
hove: boe b Bt RO Spamiae oL Aisedl Tl Th rpoliBe Ao sE A by G,
2+y+2Z; Yoiendr d%nv%tlve be@mtu&ﬁé i RPol?eth&Y”QﬁBE’tﬁEems 8o %ol%ﬁ&hggﬁb)@an?%ém R2

correspondlng to the nunber of groups divided by ‘t he nunhber o
groups, ithat3hd ﬁnaleanldxaﬁeqaori)anen:ln(lmesRﬂmRﬂly)dxmxypmewhgmhemdwdg11bmy alk t ot al
nunber of g] ﬁgﬁyroups di vided by the nunber of R2 groups, is 0-2,
Si |'i cone BEEIPQlysHiepdisuRRy WS thersitng silicone of the formila: ., R* R | |
(Re-Slpl2 )a ( 51 r&n

groups are mdepenggﬂ;\?ﬁyﬁ&ﬁesgtbﬁggﬂﬁﬁﬂ agéﬁgtg%rggés%?%\%%ﬁt}gly (ﬁéfl ned; a =
2+c+2d; otydigaiostlogand-bdckbohe, amikivre ol hiztigyt @roupd Surburadéttpdliigydirt i o R / R3_
correspondl ng to the nunber of Rl groups divided by the nunber of R3 15
groups, i850apsy polyshey grohes awd phegol@Pymy dr i c/ pol yet her / phenol i ¢ silicone of
the formila: R R R (\%%/g)gébzﬁagsér%e%r&gsﬁof §§g&1%§%30£1§59§1€§)0§’1%151¥%§re the

R groups, W, X, y, and z"are as previous provi is a

sat ur at echsmaésyshﬂﬂr defoghivigagas whikt Hadt aQSrtBB/cB&eM skt 482d afganie aebupsunber s
greater_than 0. 20 In another respect, the invention is a diesel fuel
for mul b i whichinckyde at least two hydroxyl groups or derivatives thereof.

Recent diesel fuel specifications have resulted in redesigned additive
packages which have increased compatibility problems with silicone defoamers, thereby

creating a need for further improvements in silicone defoaming efficiency.

20 SUMMARY OF THE INVENTION
The present invention provides a defoamer system for diesel fuel which
comprises a novel, synergistic blend of silicone polymers and/or a silicone polymer
having a novel blend of organic substituents thereon. The novel defoamer system -
provides excellent compatibility with additive packages, including recently’ introduced -
25 additive packages. The compatibility improvements are seen to be due to a very low
silicone treat rate required using the inventive defoamer systems and to the fact that low
to moderate molecular weight silicone backbones are employed, which are more soluble
in the blend of additives.
In one respect, the invention is a defoamer composition for diesel fuel
30 which comprises i) a mixture of Silicones A) and B) or ii) a Silicone C) wherein Silicone

A is a polyhydric silicone of the formula:



3 13 JUN 2003 conprises a silicone defoaner conposition as descri‘f;:ﬁgluchr Iz[mg

-above. In a still further respect the invention conprises novel pol

Silicone polynmers C. In such polynmers the R groups characteristically

.include nenbers fromeach of R, R2, R3 and R4. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON As used hereig, the tRerm "poRyhydric organic group"” refers to an
organi c group having g wb or le hwdr iyl ups fhereon. Preferred organic
groups are saturated -ﬁ@uz():‘( ®prjat ﬁichyjf 8dagn groups. Pol yhydric
unsaturated aliphatic ggroups 1G, may be enployed but are generally |ess
preferred. The Silicones A, B and C may suitably be produced from hydri do
functional si hiteente m@ongs appidependehtly R IRJR| RE bOR’;Re'aie bh @fgndtie drnt r oduce
the R2, R3 and R4 groups, and if_ desired, ,to i nt roduce varlatlon inthe R
groups. The sistimegskaliphatieihydroeashon groupy RYds %ié@lbib}‘ﬁ?tc Q,rgm@growpoﬁslswave a 15

i ts 15 30- o8B B shub Roing dhd & S0k b ol s G il By rRIRER, PV

no nore than akedulad wagedr upid I SOR®R* 5Bk 6£‘gld.hfé éﬂ\éﬁblidgrﬁué 0R§’1sQi gro@p I asi | oxy
units. In the def|n|t|on§ of Silicones A, C iven above, R is an

aromat Bc or sas defineddonRi prrept @ah%Mé@mbsrogwbpreo @uhemre@szfaﬁm

i ncl ude net hyl r ecyl 7S] Eqr phenyl
met hyl phenyl , f(?]nr?a],?% Ii dﬁegthe31§c@VaLeny én pcl %c o’ﬂexy %yl%c%/iéﬁohexyl

and the |ike. 0R; @#ﬁ{wedﬂogopmmatwklw l@dmespﬁhﬂtngstulth@ﬁlmbmw|
optionally with relatlvely m nor anpunts of C6-C22 al kyl Qbﬁ Thelonger
al kyl groups ®BE3HPBAIVidad ybile aymbgr oA ForPRs %A%erndathwnpe{ ¢iBig C6- C22

ol efin. For a i I shay a nt of 25
met hyl hydr ogeﬁ?’s ox@o an gtﬂg?%t@?'qgggp%géﬁs?ﬁ%l;ygﬁﬁﬁgh%(%e?o@hgcan be
used t1Q hydr osmhm&;eofeR%g@hpg, ioh-ef i n such as decene to produce a desired
content of decyl groups grafted onto the POl nol ecule. In preparing the
si i cone &BisensBdp 8 palysther pontgigingsiliseng ghthe Qlélhuﬁydrom | ati ons may be
desirable to consune any,excessgsilicon ydrlde functionality in the
starting hydrido sili ypar ower needed {o introduce the 30
respective R2, R3 an m;saql,zx ggmz,zo)néstmgz)qzl&iow « Long chain al kyl
groups can al so be |ntrq%uced tg nodify solubility or the

hydr ophi | i ¢/ hydr ophobi ¢ 'bal ance 13 JUN 2003 properties. The polyhydric
organi c groups R2 which are present in Silicones A and C may be aliphatic,

| ow nol ecul ar wei ght di hydr oxy-substituted hydrocarbon groups, optionally

i nterrupted wwherethe ®*hgroumsare mdepﬂndﬁnt;h)nﬁl baR? R atd Reasts pm1d1nykyr oxy

Sbout 134 and JSHUS S S ROFS b DReFLbr Bt e 20900 B e g hbout
400. The R2 gRoup B&‘?ésgBﬁ&lh%/ td &e%ﬁhﬂb@@&ﬁ@‘ %ﬂaﬁpi Glviled by%ﬁe H&xﬁb‘ér%%ﬁ in WO
97/ 38067, al t hough unsat ur pol yhydric groups such”as disclosed in DE

4032006 al so grmxps,als§y1r9er gistic |rrpr overrent i n def oam ng perfornmance when

bl ended

" group B BFBWF@&E%?{B?&% e F%Wﬂtﬁgf&t%ﬁh%ese%ﬁiég’é?ﬁfe ting
(R-l?iOm)w (%ioz,z), (slioa,z)y (SiOm)z -
R R

where the R groups, w, X, y, and z are as previously defined, provided that R’isa
saturated polyhydric group and the ratios R3/R? and R%/R? are each numbers

greater than 0.
20

In another respect, the invention is a diesel fuel formulation which



reaction wherein a silicone polynmer having a content of silicon hydﬁ@qu2W3
“groups, typically present as nethyl hydrogendi sil oxy and/ or

di met hyl hydr ogensi | oxy repeat units, can be used to hydrosilate an

_unsat urat ed hydrocarbon group on a pol yhydri c conpound havi ng an

unsat ur atesipssdse sSlicine alsfoameakcbmbositiet iaddsydibedrabeivelyl group. 15 Exanpl es of
conpounds whi ch na¥ drosilated, in this manner to form

be .Hy R2. gr.oups
i ncl ude trinet hyl ollPRSHARW B ATREPYHe MivaRion canmvses novel Reky dricesilicone
pent aery i al t - her,
tri-i sopﬁ)gr anéc?)% gmﬂﬁéﬁcaeéd;f&grtsﬁ%%ﬁ%g‘%%gﬁ aa?t‘éﬁ&%%{l%ﬁl{é%cﬁeﬁ#?@‘aé%'rfroﬁ
1, 3- al | yeaotygft Rpare@i*ahd RPol yhydri c conpounds havi ng acetyl enic
unsaturation, such as 2-butyne-1,4-diol, may be enployed to provide 20
pol yhydric groups for the Silicone A but are less preferred than

olefinic I I i S. In the case of Silicone C
t he pol y%@%ﬁb&éﬁﬁgﬁ@q@imﬁ therefore an olefinically
unsaturated pol yhyg(d eg aeraumt shrpupsly rféscs%gar%g NBErdfsrs S & &ighfed- The R3

groups are polyether groups conprising 50% or by weil ght 25~ et hyl ene
oxi de ( egohupdianipgstvardrinmere Agdroxgl gronpd thgreonp Prefarrdd hepanieggraupserecul ar

wei ght of up.to about 1500, They may be provided on a sil.icope, backbone by
a hydr os??tafﬁt%etg?‘eﬂfﬁﬁtﬂfbat?‘%@EGP SQILETALP S KLY B hytiRd A GRS AP
silicqge 3 t [ l&iiof cal ly unsaturated end group, such
as an al Pg‘ﬂ%& gﬁ%!.)y%re éﬁ%& pg@éekts eﬁégéadups are derived fromallyl
started pol yet hyl effthe®ilichnss a1, Bndy@triay Iseiteblp ke geidpodd/fpsapytidde 30 oxi de

. pol yet her s havi nq'a nol ecul ar wei ght of about 100 to about 350, Al so
pr ef er abffynctinealstlippneswsing@rpsorrintg bydrogilation seasipysctofietroduse the R'eRsand 504 by

wei ght, st prefer.ahl 13 JUN 2003 100% e pol yet her group may
sui t abl yﬁg(gr?%;n?rﬁ;?gas){wdtw15trﬂ%pa/)%9?uc§} IIP(}Q?/EE A8t oxy group. The R4
groups are suitabl yrpdeficuass @M PREARINICO APRYRESdMdsHdny BeRt 41 at ed

ol efinic or acetylenic group thereon. A simlar hydrosilation reaction as 5
t hose 1desdativedylcabowiecniy size Ssitably thettytal mahbeodisiidane remaipimetso$ 2¢-6Apound

which may be.grafted tQ a silicone. pol rin this nmanner i,s eugenol i. e.
4-allyl -MH&%%M (?’.a"é:lﬁ' 9&53# Ong S FRHALLARITESF Fhoup pa%d(
i ncl ude \ﬁhﬁy &r}ﬁ&%ule )‘ﬁler{ﬁgil r%&?&lsfl@@urﬁfsal | yl phenol. In Silicone C, the

phenol i c R4 groups are advantageously present, relative to the pol yhydric

R2 groups, in a rafheheafefinitionsabSilicodés A, Band ¢, ghenabéie/R! temi drafilagic about
0.1 to about 0.4. An unsaturated al cohol or polyol can be reacted to form

esters, et basnratedzadiphaticshysirodechanl group Spssifickyaowlesiindludgemethyheihylr eact i ons

d der.i vat i hydr osj | in Li .to f R5, if
Gosi r a8 PR tisblaree dRHE R aP A et BleTDATeRe: iy B (nto a
cor r espopHeRdethYS by dolek TRhethy 8y dER&Y], aRd Wetllkel PréfersdR defhvgeareane1t he
resulting cyclic olefinsS can be grafted onto the sil oxane backbone by

‘hydr osi | andsbsuitablyt methzl, ioptonally with sedatiyahyosinon xaarmemtsanti GgrCophldilghoips. gr oups

Rz may hgye. a sel ected portion,of the pol dri.c oups conyerted,into -

i estor . The et alkgh@ou ey Re indoduetd Dok arualatién AES SHEwbRBRE Recva

reacti ongdeh Gl §lstdre fa'pgﬁrdﬁxﬁé‘tﬁgfs@&%%Hg’ihg'/ags}éed%gé aombiior Of the Silicone A

or C. 20 Slqﬁi'cones A“or “C havi n groups, in addition to Rl
and R25gmnwtindhydragendésiloxe pad/eddimetithlydrsgdnatl oxgnunifs theradonx¢anrte wsed tmsat ur at ed

pol yhydri c conpounds wi unsat ur at ed pol yet hey and/ or unsat urated phenol
corrpoundi‘ydli&s aa&*&ileéPfeE‘?&%‘%f‘% F%tod%rﬁ‘i‘&é CRIREhTEE O Hgg"cﬁyi OBt
unsatura YIRS 1ty 1iQor dol % RQiRN excess
of SiH ggg%tﬁg, reTﬁE?’? {}@E ét%éﬁ (gg‘%:{ﬁ@orfnaétrlﬁ%arzgqgﬂsélg?%r?zﬁogg@g%ﬁ%%undsth%

i ndi vi duddventiomayclahgdrositatienpmay dd dedirabiearphsunmd argy wobsssiltbondydriié cone
within the definition of Silicone Ais provided in Exanple 2

f WO
97/ 38067 fungtiopalifypn thegtarting by dradonsilicasie Ipobars oxet thatneeded @dniroduce 8¢ of

Silicope LS. Rrovind f I.NSt a i , J i C are
novel g%Ségsﬁﬁaf%g@ﬁ&glgglgf f}?eé,rolﬁés éhggg%et glﬁ H% géaﬁ't%éégglglg aﬁl lggoglggé%nol vent to
ensure t igb Yeliftro@Red 8Nindd QOMBi'liltyHﬂth@ﬁyﬂﬂ%?ﬁﬂ'ﬁh%%ﬁop‘hbﬁcfbﬁﬁﬁ&é on. Sol vents
used for these 6 13 JUN Q003 purposes I nclude G (di propyl ene gl ycol),

tol uene and any other solvent of whichghas suitable solubility
characteristics, such as 2-ethyl hexanol, isopropanol, various aromatic
sol vents such as Solwesso 150, aliphatic ester alcohols such as Texanol (2
,2,4-trimethyl 1, 3- pent anedi ol nonoi sobutyrate), isophorone, m xtures of
sane, and the like. Wth the 5 copolyners of the invention, it is not
necessary to renove the solvent in order that the copolynmers be effective
as defoaners. However, for the sake of safe transportation, volatile

sol vents such as toluene and isopropanol can optionally be renoved.

o o, o o oy o —— e~~~




10 The bl ended Silicones A and B are suitably enployed in the def oar]’rngUN 2003
"conposition at a weight ratio of A/B of fromabout 0.1 to about 10,
preferably fromabout 0.2 to about 5, and nore preferably fromabout 0.5 to
.about 3. In diesel fuel formulations the silicones A and B, or C are

desi r abl ypropgrtieyyed i n an amount which provides a total weight of silicone
of about 15 ppmor 15 less, preferably abgut 8 ppmor |ess and nore
preferably about 5 Pihpdyhydsicorgamie gioups Re whigh piemsessnirigrSileansa et Ct he

modi fi ed | ¥si ne is icall: . Wit h P, and, added to the
pet r ol eurﬁi;i %F %igjﬁlé@i )égf ’elgwrr{al%’]i%g‘gr&?yeépg‘%g?%? g?ﬁ“%ﬂﬁge(gﬁ}éd@%%ﬁ%ﬁgp ¥rom a
nunber oforie fit@upt@UWRE Sn edier dezed iatdnt BREhASHOATELE tvid hidiBxy gmp& ion
shoul d be added to the diesel fuel 1n an anmount totaling about 15 ppm or

| ess, pt dhereanl Fhe BE sgronmpref@ablpiesa crolesubar preéght batwtegn abauitl 33 apgebat | ess,
based on tgtal ,silicope.content. Preferab 1 N} amount of .

ol ysi | 0 b BrS MERTHLY heipen thet 3t Aeo ot AT EREC G bre@ipbly 5o be
bl ended WahRated BEMpRtdly, CRMEscRRed ff RATBT/3804Y, hithiighiureMEraid polYdtier Wi th
silica to provide defoanmer fornulations. The invention is illustrated by

t he fol | ogubwep swoha$ distloserhindXRAP3 2006 alxAhPVESyDergistc imptavemen iper f or mance
30 The perf.ornmance of defoaner i ssess interns of either the foam
S0l Ume. DS AT STt TR YR PRIGEL S s Heil B 07 P Ren i the RipssBtiat ed

cyl i ndgy i@0chibn, The gh%g#@g%gg?%«amd b bl ORR KHRBAGricEhat | ve

col | apse time of t ed to a blank. Details of thiS protcedure
ar e descrrebeibn whddsna, Sildcdnd §Olynien havipg aadetdnthefisdiconlhy dridd groaps eypitalyer f oam
hei ghts and/or | ower collapse.tinmes indicate a nore_efficient, defoanmer. 5

In the fdMPYRE Ay Mekarpy@esusiiogy padpremettiiidragensiaxyareeah Bl c& Poxane
I e e e T

Pol yhydric Ico atronr i"on “proo Icone,

MD44D 11Mn wisaurdtedsiteyduch ps apalhe, methalyll oflvigl faedupl 5 A- 2Hydr osi | ati on
reaction product of SiH silicone, VD16D 4M andtri méthyl ol propane nonoal | yl

et her. 8 3Hydr osi | at Exainplenet sampayndywbichgraydehysrgsilaisdan thipmannasp

andtri net y) - QS 1 | duct of
SiH si 11 coa R BR GBS Rboskyio Bkt Stk Mle: SLARAES chloRPiatle®

et her . A- Sidyiciephtital byl etterCiropoxybatediperitacdithtoHalyll el ei-isdpégadoldvhinand

40/ 60nmol ar_ bl end of an allyl started, nethyl capped ol yether with a
stati sti calyBethsr, @ﬁl%ylaeqdm}f;é parbigel ard ,3-akhrlox ynrapanagiob | %1 & GoFHoEnds |

et her. A- drosi]ati.on reaction Rpr f.9 H.sili . and
> bt yne s epap e S ada R Pudl 36l 1 31l gt 38 Yo R b ide o
M>4A4D 44 Mly}?ﬁc@élﬁﬁﬁm e Siliend Qbul AeAks pRdeRdDBAO blefin bl ASInkrated ON
reaction product of SiH silicone, MX43D 11.5M and{gr:_ycerl ne-1-allyl

et her . 30 RIvhyddiceompaundsn Indagedseaf Pliserat. e peivhydii¢ grospshoulbep 11. SM

and 2- 8 satulrgtea grl}ld %%ngogué[nyoqgﬁnlicﬁfydtim%Ltmated polyhydric compound should be used.
TMPMAE is preferred. -

The R3 groups are polyether groups comprising 50% or mor;: by weight -
25 ethylene oxide (excluding starting and terminal groups) and having a molecular weight
of up to about 1500. They may be provided on a silicone backbone by a hydrosilation
grafting reaction using a silicon hydride functional silicone and a polyether having an
olefinically unsaturated end group, such as an allyl group. Preferred polyether groups are
derived from ally! started polyethylene oxides or polyethylene oxide/polypropylene
30 oxide polyethers having a molecular weight of about 100 to about 350. Also preferably

the ethylene oxide content of the polyether is at least 75% by weight, most preferably



A-10 Hydrosilation reaction product of SiH silicone, MM43D 11. SM gﬂj 2003
33/ 33/ 33 nol ar blend of 2-butyne-1,4-diol, eugenol and an allyl st %Nj
nmet hyl capped, polyether with a statistical 8 noles of ethylene oxide. 5

~ A-11 Hydrosilation reaction product of SiH silicone, MXM3D 11.SM and

33/ 33/ 33 100fkar The poigethér grotpiman auitably te clrmiretiglewith a dpdroky ddkedysor Pol yet her
Silicone B: B-1 Hydrosilation reaction product of SiH silicone,
MD43D 113PX%a@QUBn al |yl started, hydroxy ternminated, 750 MWV EQ PO

pol yet her 75 wei ght 4C, - [ i I .product of
SiH silicone, NMZS@% %ﬁﬁops;age g‘ﬁaﬁﬁ/ gesrfti’é??rggd 1!)}%%/1 fr)éc})%ﬁy&%é?%nﬁ%é?%d 750 MW
EQ PO polyeitirated iefiit ahicepasmie plouptherfon3 Alyidiits hlyaiosRationasadtioanspr oduct of

SiH silicone, MD13D 4.5M and an allyl 15 started, hydroxy term nated, 5SO
MV pol yethoge dascoibedabove-mayhanssdi Aatybisal exemple ofp pheodleampsfungdivitieli | i cone,

MM42D 7 d | yl .start t hyl d, 1500, PO pol yet h 75
ver ght pErFdmErent ks sEhimF oG BAERFon S BULLE R 31 51 11 cone,
MD13D' 4. aldthdxyphéidla! dinbr PMenst &frﬁ&ﬂnd?%ﬂfcﬁ%ﬂaf@ééﬂ?l@&é‘dﬁncl%ﬁ@ MV

pol yet hyl eneoxi de. "Pol yhydri c/ pol'yet her/ phenolic Silicone C. C1

Hydr osi | atnytphenelactinyggupraceliant! 4edllyfphengl. | TnSolaene AP HEDONL RAgrbupOABO/ | 0
nol ar blend of an.allyl started, nethyl capped, palyether . with a

Stati st GYARESRYSLE piskend, AR BiRimaYARC R €FAPS: I Agpuner ORGPy et ner
and 230eyqBnglabodr 0?7, dedeady hiddut 0N hadGiie product of SiH silicone,

MD44D 11 M and 20/60/20 nolar biend of an allyl started, nethyl capped,

pol yet her with a stdatushiucatd 8lcobnil @s polfyoktdmbeaastaktioderm esterspethgtsol pr opane
nonoal | yl et her and eugenol. 30 9 13 JUN 2003 S(géeral, di.esel. fuel / DAP
bl ends waseals Q& keralsiim agqondange, with welldnosindigactipgs and dsrivative theggaf; cone

def oam nﬂ?’@l%giil éd’ﬁlslil?e*}ﬂé{%eirfb%%'rggéurp%E‘Eif?desi\‘\élfrp%rfiﬁk‘%adﬁ@%%ﬁ&tﬁ gatified by
| etter sefies_designation are cormmparative exanples and those 1dentified by
nunber ddil gaabé oansisrenddrinent doarespoaling @slic Birapt viatreacyiobARthpackages  of

different. 5 manufacturers are indjcated bybt he desi gnati ons DAP- DAP- 02,

DAP- 173 affimsidshide. ppd thecesuling cychoddingapisbegragie Rairbe silaspe _béﬁlq%lf)é‘? ent
comet kbR Sl 4 080G SRR g R A e C
2- et hyl haxawielested portibe of thdipohthgdric g@nps tomertelbines diester] dshdrhacetshdst s of
the acti \légtafgerlrrg/%?isgst using such well known reactions in order to fine tune the solubility
parameters of the Silicone A or C.
20 Silicones A or C having R3, R* and/or R groups, in addition to R! and
R2 groups, may be prepared by hydrosilation of a mixture of unsaturated polyhydric
compounds with unsaturated polyether and/or unsaturated phenol compounds. A
sequential hydrosilation process in which the different unsaturated compounfis are
sequentially added to silicone having an excess of SiH groups, relative to each of the -
25 unsaturated compounds individually, may also be employed.
An example of a polyhydric silicone within the definition of Silicone A is
provided in Example 2 of WO 97/38067. An example of a polyether silicone within the
definition of Silicone B is provided, for instance, in US 3,507,815. Silicones C are
novel.

30 During manufacture, it is often advantageous to add a solvent to ensure

that the reactants are well mixed throughout the reaction. Solvents used for these



10 Table i Exanple Polyhydric SILICONE A Structure (ppm 15 20 25 1330.|UN 2003

- Polyether SILICONE BW. Structure (ppm Ratio AlBD ESEL D0097, 700

DAP- 17B- 215- B- 315- B- 250. 5B- 350. 5B- 33. 330. 5B- 321B- 43. 330. 5B- 13. 330. SB- 53 330
. 5B- 350. 5B- 331B- 450. 5B- 150. 5B- 550. 5 Total Foam Defoam Silicone Vol une Ti ne

~(ppm  (npurpdseeimchidd3DRG Bdipropylene glycol), toluene and any other solvent of which has

1 8860103, 7554153311154097.,53377. 5115234~454075115117. 5116117. 51057. 5117. 51
suitable solubility characteristics, such as 2-ethyl hexanol, isopropanol, various aromatic

5 A0 50l 4, R ol 1 0

Exanmpl ePgs Bmd.ﬂédioﬁhbﬂcﬁﬁﬂﬁt , Y$ph6ron&| hix@Eofidne | icothE OiReDwf i

Structd rc%pogrmers c?t'E trﬁg (i:évlé;xteion, Etp is nlc??;lécgssary to remove the solvent in order that the
copolymers be effective as defoamers. However, for the sake of safe transportation,
volatile solvents such as toluene and isopropanol can optionally be removed. Non-
volatile solvents or those of a high flash point (e.g., DPG and ethylhexanol) do not pose
the same safety problems, and there is no need to remove them.

10 The blended Silicones A and B are suitably employed in the defoamer
composition at a weight ratio of A/B of from about 0.1 to about 10, preferably from -
about 0.2 to about 5, and more preferably from about 0.5 to about 3.

In diesel fuel formulations the silicones A and B, or C are desirably
employed in an amount which provides a total weight of silicone of about 15 ppm or

15 less, preferably about 8 ppm or less and more preferably about 5 ppm or less.

Use of the copolymers

For defoamers, the modified polysiloxane is typically blended with a DAP
and added to the petroleum product at a refinery. Proprietary DAPs are available from a
number of commercial sources.

20 The silicone defoamers of the invention should be added to the diesel fuel
in an amount totaling about 15 ppm or less, preferably less than 10 ppm and more
preferably about 3 ppm or less, based on total silicone content. Preferably, a minimum
amount of polysiloxane copolymer is used. -

The silicones A and B, or C, may also be blended with other s’ilicone -

25 defoamers, with silicone oil, and/or with silica to provide defoamer formulations.

The invention is illustrated by the following non-limiting examples.

EXAMPLES
Diesel antifoam performance
30 The performance of defoamer is assessed in terms of either the foam

volume obtained by injecting 100 cc of a fuel formulation to a graduated cylinder and



Al BSilicone (ppmVolune (m)Tine 13 JUN 200

- (sec) 13A-10. 83B-51. 670. 52. 510414A-11. 25B-52. 50. 53. 752215A- 11B-511213516A- 11
.5B-51.5133217A-10. 83B-11. 670. 52. 530618A- 11, 25B-12. 50. 53, 753419A-11B- 111210
420A-11.5B-11.5132321A-11. 04B-10. 831. 251. 8720522A- 11, 56B- 11. 251. 252. 8132DI E
SEL CEC: otservipginitinEogm Folume and relative collapse time of the foam compared to a

013035G - B- 115- 15379HA- 11. 25- - - 1. 25120141 A . _-1.888711JA 13.75---3. 753
31223A- 1‘11%‘31&1]%*1‘3%62&{}‘%1?899 fuge ap Jo5Cr RS 2“76§?5}5-&e9é97§]£2 9&"‘2%*-]%%?1’010%- 32.
5---2.5 3F Do ) 42 B 7 5---7.56015
Son 420, Eiaaive; Lower fobre hOBER AndiePloliet < fifies tndicmoppRi dbpcient” 7 1 %03

JUN 2003defbariér. 20 25 Exanpl ePol yhydri c Sl LI CONE APol yet her Sl LI CONE

BW . Tot al FoanDef oam Structure (ppn) Structure (ppmRatio AIBSilicone
(ppm VOl une (M) Tine

o 758, 1. 2708y, - S TdE e Sandles M T RGR L SRRSO Z. > - 2 5 005
2017Y- - - SHAKRBAOAZKIA- 11B- 111~

237933A-11. 5B-11. 51310934A- 11B- 111240935A- 11. 5B- 11. 513101136A- 11B- 111240103
7A- 11B- 111240YD38Atrimethylsidagn939A- 11B- 111240940A- 11B- 111240941A- 11. 5B- 11. 51

3109Z----- 013833 ~n-1 2512319ABA- 101. 25---1. 2514027ACA- 111. 25---1. 2
51309442A- 918-811)16.?%?%3}-5&8%}‘3- 11121031344A-111B-111212721 12

10 D' methylhydrogendisiloxy

Polyhydric Silicone A:
A-1  Hydrosilation reaction product of SiH silicone, MD44D'1 1M, and
' trimethylolpropane monoally! ether. P
15 A-2  Hydrosilation reaction product of SiH silicone, Mb16D'4M, and
trimethylolpropane monoallyl ether.
A-3  Hydrosilation reaction product of SiH silicone, MD24D'6M, and
trimethylolpropane monoallyl ether.
A-4  Hydrosilation reaction product of SiH silicone, MD42D'7M, and
20 trimethylolpropane monoallyl ether.
A-5  Hydrosilation reaction product of SiH silicone, MD42D'7M, and 40/60
molar blend of an allyl started, methyl capped, polyether with a statistical
8 moles of ethylene oxide, and trimethylolpropane monoallyl gther.
A-6  Hydrosilation reaction product of SiH silicone, MD44D'11M, and 2-butyne-
25 1,4-diol.
A-7  Hydrosilation reaction product of SiH silicone, MD44D'11M, and 60/40
molar blend of TMPAE and eugenol.
A-8 Hydrosilation reaction product of SiH silicone, MD43D'11.5M, and
glycerine-1-allyl ether.
30 A-9  Hydrosilation reaction product of SiH silicone, MD43D'11.5M, and 2-



13 JUN 2003 10 15 20 25 Exanpl ePol yhydric SI LI CONE APol yet her SI LI W\JEN 2003

BW . Tot al FoanDef oam Structure (ppn) Structure (ppmRatio AIBSilicone

(ppm Volune (mM)Tinme (sec)Dl ESEL CEC, 700 ppm

~ DAP- 02AD- - - - - 013236AE- - B- 115- 15207AFA- 11. 25--- 1. 2510011AGA- 11. 88---1. 88679A
HA- 13. 75- - - 3. 751086ipfnel 18-didl1 25646A- 11. 5B- 11. 51323DI ESEL CEC, 700 ppm

DAP- 17Al - - - - - 013536AJ- - B-115- 15207AKA- 11. 25---F1, 2510012ALA-11. 88---1. 88221

OAMA- 13. 75- - -A9944Hpdrogitibh re®%i08 prodicbE-Sill Si@asMEBR11GFCand 70 ppm

DAP- FBAN- - - - - 01303 -13. 75---3. 75811AP- - B- 115- 1540649A- 11B-111210850A- 11.
5B- 11. 51357Dl ESEL :&@%,} %?ﬂ'ﬁil of -butyne-l,%—d]fo s eugenol and an allyl started,

DAP- 17AQ - - - - 0135 ] A 131 BB . - B-215- 153311AU
- - B-315- 1540951A %g 5 !%‘%’B%fg ?%%%g%& 4 géﬁ}sﬁ‘?ﬁ\ﬂ%ﬁ%g’gg %g%ge Bgdg'
gxarrpISePol )(/hyﬁ;flilc B ddo§ion ARt iy & pheiuc S {19 BENE oBYYIM T304l B e oam

tructure (pp

33/33/33 molar blend of 2-butyne-1,4-diol, eugenol and 1-decene.
Polyether Silicone B:
B-1  Hydrosilation reaction product of SiH silicone, MD43D'11.5M, and an allyl
started, hydroxy terminated, 750 MW EO/PO polyether 75 weight percent
10 EO.
B-2  Hydrosilation reaction product of SiH silicone, MD42D'7M, and an allyl -
started, hydroxy terminated, 750 MW EO/PO polyether 75 weight percent
) EO.
B-3  Hydrosilation reaction product of SiH silicone, MD13D'4.5M, and an allyl
15 started, hydroxy terminated, 550 MW polyethyleneoxide.
B-4  Hydrosilation reaction product of SiH silicone, MD42D'7M, and an allyl
started, methyl capped, 1500 MW EO/PO polyether 75 weight percent
EO.
B-5  Hydrosilation reaction product of SiH silicone, MD13D'4.5M, and an allyl
20 started, hydroxy terminated, 350 MW polyethyleneoxide.
Polyhydric/polyether/phenolic Silicone C:
C-1  Hydrosilation reaction product of SiH silicone, MD44D'11M, and 30/60/10
molar blend of an allyl started, methyl capped, polyether witha statistical
8 moles of ethylene oxide, trimethylolpropane monoallyl ether and
25 eugenol.
C-2  Hydrosilation reaction product of SiH silicone, MD44D'11M, and 20/60/20
molar blend of an allyl started, methyl capped, polyether with a statistical
8 moles of ethylene oxide, trimethylolpropane monoallyl ether and
eugenol.

30



Structure (ppm Ratio ~BSilicone (ppm Volunme (m)Tine 7 JUN
- (sec) 52A-12. 5B- 350. 57. 51153A- 11. 68B- 33. 340. 552354A- 12B- 3100. 2125455L— fg ggﬂé

- 43.340. 5540756A- 11. 68B- 13. 340. 551157A- 11. 68B- 53. 340. 551158A- 11. 68B- 33. 340.
 551159A- 13B- 33161160A- 12. 5B- 450. 57. 510561A- 12. 5B- 150. 57. 51162A- 12. 5B- 550. 57
. 51163A- 10. 83B- 51. B6¢kraldiesel fuel/DAP blends were tested in the manner indicated above

2.510464A- 11, 25B- 52. 50, 53, 752265A- 10. 83B- 51. 660. 52. 513566A- 11. 25B- 52. 50. 53.
753267 A- 45ng s silicoge detopminmasisietrves showmin Pabdes ber 2 5ehesothe 5amples 1210470A- 11.

een T oo Tt o <PREReHes B et BT R s RaRae? e SR ot her

Si | i conendnbatiesighhtiorgay et exaaiRsy @r@;ﬁ@etﬁ?@&P pﬁﬁé?@sf ofdgfreem ti me than
25 woul d be expected froma sinple additive effect of tThe silicones

enpl oyedmanpfagiurssaiedpdieated by thedesigaatinns AR-0&dDARD % DAR-d @ end Bd-kabl y

superi orgge | f. Qi |1] e s jblustrated in the

For mil ot Sreer e, ThnleIFRAPE e fibvio T B3RS FpRakipis wrohRE il

Exanpl ePodigtuytsilicdneaeftaides. i Silicoiek ASdd COldke 4ol we Lhs0vddiveehipSiWht Rati o
Al BTotal, Sj.| i coneFoam Vol uneDef oam | o . )

Ti meSt r uldt P@eﬁgﬁi ghyeokar-ehpbmyansh myithihy irdieated Emptiticrdstermigedymthe

DAP- 0173 5 A -17.5---7.55575C-22. 5---2.55776C- 27.5---7.52677C- 1
28—1123%5%%?%&?22%&%&#@ t he novel polymers C-1 and G2 it can be seen
t hat these pol yners, which contain saturated aliphatic polyhydric,

pol yet her and phenol groups in a single nolecule, give results, even when
used without a polyether Silicone B lcdh are remarkabl y superior to all _of

t he ot hegr—potyfydric—sitiTon tested, T nctydingpotyrerr—A>S has
bot h pol [yBeRRE | ZAVESHEENEA |al PoiieteriSEICONE §hydrVe flurfeteli qnEdaint y Defeemd] A- 10
15 whi ch has upsetureated—ai ' 4, rE! Viedibae |antndhervd
fonct orel L, [0 esmalcbm et oo [« [y PGl i L
docunent|s, including all US paigsatpoddrcaopmnioap-inent i oned
A - - - . - . 135 35
15 B Al 188 - - " 188 60 10
c A1 3.75 . - . 3.75 5 4
D B-2 15 . 15 33 11
E B-3 15 - 15 40 9
1 A1 25 B-2 5 0.5 15 33 7
20 2 A-1 2.5 B-3 5 0.5 75 1 1
3 A1 167 B-3 3.33 0.5 5 2 3
4 A1 2 B-3 2 1 4 5 4
5 A 167 B-4 333 05 5 40 7 i
6 A-1 1,67 B-1 3.33 0.5 5 1 1
25 7 A 1.67 B-5 333 05 5 1 1
8 A1 25 B-3 5 0.5 75 1 1
9 A1 3 B-3 3 1 6 1 1
10 A1 25 B-4 5 0.5 75 10 5
11 A1 2.5 B-1 5 0.5 15 1 1
30 12 A 25 B-5 5 0.5 7.5 1 1

10



20 anywhere in this application are hereby expressly incorporated h

-reference in their entirety. Any copendi ng patent applications,
anywhere in this application are al so hereby expressly incorporated her ei n

rent

b oo

by reference in their entirety. 15 13 JUN 2003 CLAIMS 1. A diesel fuel
def oaner $1 L ST NG| m rel of, Siti.coné or ii)
a Sili cong)8 Q %@é}ggﬁe@%%cpné:Ony}rﬁegS'LérEdéEP hydwt C sﬂﬁfgl ngoa}" ﬁfga"% fr mul a:
RRI | [RSl0f éazx RER T (5L 1 Ratio (5&%@!@) zVOlNNEreTltnhe R
groups afe i ndepe 'H@‘ﬁ% I§ M) Ro, Stglire paf dpemps) R& 1S (@R alr QAR i C (0
sat ur at ep—atpfrat+e—hydrocarbpr—group: +S—a—potyhyatte—or ga".. e—gpup; R3
is a pol yetBer [groAgd conplidi hg aBdut 50@$ﬁr nmoP-& et h§fene tki de &nifs and
havi ng a l,ecdl ar I ghit ptq.l SOP; ,R4 i s .an forgani|c phemol [ c Proup;
RS is a m)M S dn\qufln f@g ng'rf’npf h%? 1 hpo'g‘n hv m(\/I er}r( upsS tner eof
have beep rgacted ta forjm di ept er g-5di et hers, acetsal orzketalﬁgroups; =
2+y+2z;, =102 Z = 0" +z =027 WARKFYFZ = ZO-jD‘, the—TatTv Ri%ﬁg,
correspondﬂﬁq,to t A nuribel of R-Broupks #fvilded byl t Be dumBer |of 2R2
groupsg |s 3-19; anpd thg pa |3 (R§#R4+R ){&Q cg resp dlng o|thg tptal
nunber ofF—R3+—R4—are—RS gF-otpp— -vded—py—the 5 95 %intyu? = 0-2,
15 SiIicondBB s aApgol ydt Nes contannlng sRBiconeﬁof t3ve forﬁul R R
~R*-Si O-h) S )e R SI0312>q ~ 5104 ) d Where (he, R | groups
are indepe 1aent 0%4 R??<BL4mmEEE3_aLeﬁas_pLﬁMLgu9ﬂv ef thed: 4 =
2+c+2d; £ =00-2; qu 0 2, ﬂ#d = 0g4; a+b+¢5d 35 50; 3anq the ftatgo Rl/ R3,
cor r espondrTg—tro—treTTumber R—groupsdrvrided—bytheTumber{of—RS -
groups, s 4-19, 61S|I|cdﬁ% C iségipol HVﬁrlc/%%I et Her /|ph®nol i cSsi|icone
of theofprmylaj 16, 1,56 125 | 125 | 281 3 2
DIESEL CEC: 700 ppm DAP-01
F - © 0 130 35
G B-1 15 - 15 37 9
H A-1 1.25 1.25 120 14
15 I A-1 1.88 - - 1.88 87 11
J A-1 3.75 3.75 33 12
23 A-1 1 B-1 1 1 2 13 8
K A-2 25 25 107 11
L A-2 75 - - 75 77 9
20 24 A-2 2 B-1 1 2 3 110 10
M A-3 25 25 67 1" -
N A-3 75 75 10 8 -
25 A-3 2 B-1 1 2 3 5 5
0] A-4 25 - - 25 87 20
25 P A4 75 - - 7.5 60 15
26 A4 2 B-1 1 2 3 10 4
Q A-5 25 - 25 100 14
A-5 7.5 - 7.5 80 16
28 A 2 B-1 1 2 3 80 12

11



13 JUN 2003 RR | | (R SIO-/z-w ~SI02/2)x RR R (5103/2)Y (" 51452

- the R groups, and z are as previously defined, provided that

w, X, Y,

%gggere
S

a saturated pol yhydric group; the ratio 83/R2, corresponding to the nunber

~of R3 groups divided by the nunber of R2 groups, is _a nunber greater than
0; and tihgahidt | PaRfdiEELICER A €5 PeadhaSLIcoNE B e mWfﬁer &R BaRUPBerGinyf ded Dy
the nunder of R2 groups, is a 5 nunber greatdr thar 0. 1.[ 2. Ajconposition
as in cllaim1 fhegein R head y%tmc 3 A &onpc sifetcor] Hieone ) VeE8 m 1im"'é/vhierei n
the Sililcones A antg ar epﬁor)esen A 19 BPWei ghts r gt {pemjof] AP pf (sdey om about
0.1 to gbour Ip—4 A TUnmposTriomas 11 crarqr—wherermR2—Tsanmorgano
group prloduted| by ffdrodi 1% ijon of a pdl yhydidi c “conpo¥hd |sdl®ct ed?f rjom t he
group cgnsistipg ofgtrinethylol propane |monoalil yl. etihej; &t hgxy| at,ed
pent aer Whtor—atH—etther—prepeoratied—A5{pentagryt-h Legd;t P;E et her,
tri-isogropéano| am A€ al l|yl 2et|her, B-&t hoqyl dt ed all yl| s@r bi|t oo, |, 38
al | yl oxyfprqpangdr ol _and [Z-Qutlyne- I, 4-dijol . 5. A COMpoS] t 1[0 S{iTn_cliaim1l
wher ei n cqj_q b saffir ar dd 4 ydr acarbon groiip Baving aigf 1 aﬂp(&[ of 6hydroxyl
groupss tjhemgon| or am estierz et herpg1acetjal sor |ketal |degyi vc}time PO ghir eof .
6. A conposTtrpmas T qtarmii-—wherermR—smethytr—the Sittepres and B
are pregent¥ at{a wei ght |ratio of A/B of] from|labout |0.8 tg dBbui 3?9 tlhe R2
groups do e (2,2-di hydroxiynmet hyl butloxy) ptopyl dr oyps, n,ol i cone B
the R3 .Leni%sﬁ:nrrp@!gse a,t-%is—l—eaSLJS% et-hyl ene oxilde™unilt 3%11 1 2$1 JUN
2003 7. |A conppsitien ag i7ns cl ai m-1 wherei-n B3 i-s 4 group perodpiced by
hydr osi |[@ri_on pf—a_ pot ygrner [conpound rmgfan ol gf f i Cc[Or_acgrytenic .
termi nal|_gbupl whé&Fein labbut! 5008br relof [thé nan-ferm egéat| units
of thg dolyether conmpound are ethyl ene oxide units. 5 8. A conpositilon as
i n cl al prF—mreretr—at—teast—A5—%0or—mot of—trhe—rot
Y 0 130 42
32 A1 1 B-1 1 1 S 2 37 9
33 A1 1.5 B-1 1.5 1 3 10 9
34 A-1 1 B-1 1 1 2 40 9
15 35 A1 15 B-1 1.5 1 3 10 1
36 A1 1 B-1 1 1 2 40 10
37 A-1 1 B8-1 1 1 2 40 10
38 A 1 B-1 1 1 2 40 9
39 A1 1 B-1 1 1 2 40 9
20 40 A-1 1 B-1 1 1 2 40 9
41 A-1 1.5 B-1 1.5 1 3 10 9 -
z 0 130 33
AA A9 1.25 - - 1.25 123 19
25 AB A-10 1.25 - 1.25 140 27
AC A-11 1.25 - - 1.25 130 94
42 A9 1 B-1 1 1 2 80 12
43 A-10 1 B-1 1 1 2 103 13
44 A-11 1 B-1 1 1 2 127 21

12



t er m nal

hydrosil ati on of a phenol

repeat units of the pol yether conpound are ethylene oxid
. 9. Aconposition as in claiml wherein R4 is a group produced by 1
conmpound sel ected fromthe group consisting of

eloﬂtm 2003

eugenol , vinyl phenol vi nyl guai acol and allyl phenol. 10. A diesel fuel
f or mul atf @p | a d % [ ng eflo r{c of tlon as in
claim1. @@m 1 3ﬁﬁ?g§QF6$§%l bﬁﬁﬁrSLﬁ@hE@ |ﬁW€Ia m10 mﬁ%B % t ot al
wei ght Hasi s cpncentratijon of] siJ 1 CoOney in sclﬁﬂhuISWMWrMM&mdbnﬂmm ut 15
ppm or lless. 1p. Hdif%esdl PAMel HYMR atli BAMag iggcl aigail] YRET fi @R is an
or gano group—20—protuced—by—hydrosttatt+en—of—a—peyhydr+ec—corpoura—sel ect ed
fromthg group consisting of tPFRCRGI@ppmBffalle nonoal |yl et her,
et hoxyl gt Q‘pe1taerythr|tol [Tyl ether], progoxyl aifed .pe tqg&y h%htol al |yl
et her, tpi=rsobropanolanine Lyl ‘ether] ethgxylat A i 1701
1,3-a||y|oxyprppaned|ol and 2- butgme-1,l4-¢ ol|. 25 13. 1$\C|e@el f ue
f or mul atfrom—asyT T charmyid—wherermtHheSrTgmes A jamd are-present] at a
wei ght rlati®® of A/8'of firdM 0.5 to 3. tlhe "R2 |groupd dc??mrlsﬂﬁo 11
(2,2-0d4- hyQéoxynetnyl)bLtQ§y ropyl groyps.. and i.n Sil4jggone B8 the k3 [groups
Corrprl S u[ﬁ C JI. IUIU bLﬂy1T[ UI\I DTC vl AS 0 1” \;_I'\JJ!\\! :OOB*:IL . II—\\ I esel
fuel forjuBgati 3n as&tlin dl A7m| O conprilsi ng gai d Si|l i3d6ne C0 1. &A di esel
fuel forlmulati In gdlaj m{I4 rerrf sgidfratio [RAIRZis_.frpmpD.25 to 5
and sai Lﬁ?' Eﬂ 'j fi m@$ ? sl1a! Al 2 5 6
pol yhydr|i cipol ethgn/phenqml 5|IB¢one of15he fqrnula3 RIRR (RS 0"2)W
(SI Oz~z2)x (S8 2 v—Sr 04,z =R R where—the s—are tmndependent|l y R,
RZ, R3, |R4 or R5; R~ is an ar oW’éQﬁ‘-@EQ)FO()@&T‘D"?‘Pa‘Fed al i phati ¢ hydrocar Hon
groupjg R2 i3 a| pol yhydrifc organic groug; R3 ils a pdlyegthgr g olp sgonprising
about 0-0F—hre—et h\]ll Qe'%LM J_Lnlic ;‘n.d—h: A nﬂ _I_ec-nl “YEVV-YI ght Of
up to 1500AJR4}is an organic [phen®lic grotg; |RS- |s a troyp &s flefingd for
RZ excefdl tphat{the nydragx groups therleor hgve begn.teadlied tp rorm
di ester,| df* ther  &det al 1%5 etal groups; "w 2-|'-y+"'2'1'2§ 3 d802 z 12 -2; y+z
= 0-2; vWxXay+z|= Q160 tma;ratio-R~/R2, correspondi ngst @ tHe hunper| of R
roups divirdedrby—themgnber—of—RZor — 4319 rthettatt—oTRS+R4+RS
)g/ RZE AM L’TA1 3.75 Sl L 15 5 4
15 47 A-1 1 B-1 1 1 2 5 5
48 A1 1.5 B-1 1.5 1 3 2 3
DIESEL CEC, 470 ppm DAP-FB
AN 0 130 37
AQ A1 375 - 3.75 8 11
20 AP - B-1 15 15 40 8
49 A1 1 B-1 1 1 2 10 8 -
50 A-1 15 B-1 1.5 1 3 5 7 -
DIESEL D0997, 700 ppm DAP-17
AQ 0 135 35
25 AR A-1 1.88 - 1.88 60 10
AS A-1 3.75 3.75 5 4
AT B-2 15 15 33 1
AU B-3 15 15 40 9
51 A1 25 B-2 5 05 75 33 7
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15 corresponding to the total

nunber of R3, R4 and RS groups divid

7

BN e

nunber of Rz groups, is a positive nunber of no nore than about 2;

ratio R3/RZ, corresponding to the nunber of R3 groups divided by the nunber
~of R2 groups, is a nunber greater than 0: and the ratio 84/R2,

COr I €SPONEliafigle | cpolt,m.c@,memo B&yémepémwﬁbv' deﬁ;. byl t3g NuBRGr %fefoa?z

groups, §s a nunber greater 2D than O. silicone as lin clam1l6

wherein faid ratig R3RA @ﬂ © ngtrc 25 1P ? Ftior gl Siligong f| Yop®Bhe &Fei h cl ai m

16 wherefn sai ¢l rati® R4/ BV FTEHD. 0 F0' 0. 7aB19 (opd |JUMN) 2 2008ect9] A

silicone[as _rmjctarnmm 6 (Wherefm the R groups are (- Tettjoxy-4

hydr oxy) phedyl prop$1! ardups® apd tAd R2 frcups| afe (|2, 23di| 1

hyd t hyl t I 320 A AL2 A(l. AllaYq A

RO A A e S AL A SN A, A&%ﬁ#’*@% P Ao AlaTs A

=#) ' nZ_Kk|@BE2~y1 0] eA{1\/j ca] ca] cp] ca]3<3a] call cajc 0.2 12 5 4

252}3?&]\)(:?] 3]~ )| czAl_j caj caj1%é3q caTcglcaj C Jé_:ﬁ] ca] 8?1 claj c5 a] ca}éﬁ?U]’g_a]'caU] caj

~ytoj es[V] ga] cq] cahga] cg] agl cp] capga] cal calca] cal cal cal cd] cal Cd] cg] cp] ca] ca

U] ca] caUtcatcajcatcattcgtcattratcatcat-$ = —=H— 01z 466$6:

1 <$=z=] wShhcl Y] cPdal cd] 483 chl capealc | 334 0.5 5 1 1

a] ca] ca] cal]ga] ¢a] calcal dqaVkeal cal ga] ca]

a] ca] ca] o s A a-]\fkég-]- : 335-->>Q5.1????.5 FDJQIJNPLLD]}EEEBFxF

FO GGGHH HiSBIH } xsaitd_Z]c] Bcal ca] 82] ca]cajca]icalica]icalscaljcalica) ca] ca] ca] ca]

calca]cacalcajcalcalcajlcajcajcalcajcajcalcal caé ar|7a | -

1 333333r MuM FP_%LEWZP%DTJT \ T T¥Xsni d’ 21 d118%] ¢a] Balka] ca] c
a] ca] ¢@] calega] ¢, a] ga] cajicajrcal cal ggl 991 ca]5ca] capgalicatsal cajca]ca] cal ca] ca]
cal ca] cq VAVAVAVA\ it i A e bedddadeYerxsntdiZectitaicatral cal ¢
a] ca] ca] caj%@a] ¢a] cafica] qa]%a] | ca] cBfcalc ] da] da] B8] cla] 68] da] ¢a] ¢a] ta] pa]cajc
a] ca] ca] calcYee fffw_ﬁufffffof8 fogbhk & , ) O 661 | N §.j Nj e} glj J|QKRK} xsmpc”iyni d_Z]
c] ca] ca] i ' ‘ AU cal ¢
a] ca] ca] caleea] ¢a] cajica] qajiemn pkkkBEkkkkll meammmnnos 375 2 2
opoooCpCppI sOqutTTTITIvSS{ v b X T cafca caircarcqi cdlcalcalcalch] ca] ca
]calcalc (fg] cd] cafda] cd] @41 ch] caPeal) cla] t%] dalf-eallcafeallcal 3jpa sSqtEIttt*u
uuvwi q\gw ! fxx ;al }n}t},}zg ~B~ ~{3_\5ql 1g{ vqbgb] X! ],5:31] cadﬁ,a] ca};ca] cajcaj ca] ca]
Ca] Ca] Ca] Dﬁ' H €arcta uu1 Ca Cymezey aTuaTua] carca] \,a] cay ba] \Ta] ‘a].l—bM] a] cal T
8N<! f &10P&R'67) - B! Tf &IO%t&0@9 B! f B109& |( )18 !|f &2DYANAL2E) -|3&30ML0% &' ) -
"10% h& 8/} 91 THF &II0%G ht h&' ()~ 3! T &10% , & () : 3T|&10%

&-()_3”(&)]&@_/& E f‘-ll- 0 ,'{%g_'{f; 0% &' () = %r.[ ( 'q'l'rn‘l"%ée&{j_ t h 10
h9©10% hg&' (ep- f PMLOXth&' (|) - hcf K10%&1() - 3 ' 3 R 10 4
Z=#} "<j . Y IOYB& ()1
G 10%52%2 7P - 100%5' () -l@0o& (P14 ' njia® "100@Be €)-| 3
R R | agyed () 185 1poB&x4) - s! [LOgAB& () rosL 0% () -8\ 1} _ks_=F 1! VF
f10% h —A4e%H&1

72 A-1 }1.56 B-1 1.25 1.25 2.81 3 2 -

It can be seen from Table 1 that the blends of polyhydric Silicone A and

polyether Silicone B typically gave lower foam volume and/or faster defoam time than

25 would be expected from a simple additive effect of the silicones employed. This

synergistic effect is unexpected and provides remarkably superior results in most cases.

Use of Silicone C is illustrated in the formulations shown in Table 2.
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10B 10B 10By :s109%B& ()-!nb@10%BB& ()-S3S109B& ()- @E2dE~_=!!!VvMLO%
9& ()-9s" 10% h& ()-9 10% h& () - F10% h& () - Ss10% h& ()-9s10%h& ()- 13 "JUN 2003

zZX6~ =1, -109%hh& ()-f!),-10% 1 & ()-f!3 Ys10%& ()- 3 Ys10% h& ()-!3
 Ys109&&&' ()-! MLO%h<h& ()- VNdB~ =!",1VF +10% h h& ()-S)-10% h& ()-L' 10%
h& ()-'10% h& -9s$10% h& () -9" @Oo%ahie ) - | 14 LdYNC" I 10 h 10 h 10
h, :t 10%{h& 0% L9’4 é L1 & dEYNC! °
9' 10%| 8.'%?“9'33 %d’s)‘ '%er#%”i( %”S% b q L\? “gi a che D%iqu & ()-
a?YNC! " 1}#10% | & :g: ¢ &) - 1 %1| %p Al (seq)
& ()-Y! 4109448 (Jtrud@ej ! [.#M ~¥N@Ur@ YiopOrd &' () - 109 | & [) - #H109%&' () -
LH##109 |[& ) T I0%ed& () 10768 & (7{-
i #k# #rHnsz Wb @ | { v-#10%%§)€§'¢?§v- OPaDORRP() - @ 10% & () -' mLo%l&' () -
104] 104| 73 C-1 25 : 25 5 6
104| , 91098 ——wSEre R H-Ho @ #109e A =& —H10%HtH-&-—H10%& () - !
{, #109%/(b/ & () |, y- #H0YS&] (J5! |y-#10%g/ g/ &|() -1t *q, -75 - #- - BC | m& 19%&& () - &
mMLOYGE:! ( O/ 07 T/ & ZRIOR & () - T h&- #1098 7T & () Y+OT0W & () -
—-j .11 qm7 <hlll"|2(L[n|uE,'(l- 100438 () = 0 g-j\-‘ail %J_l()ﬁgl@l
76 C-2 75 - S 75 2 6
77 C-1 2 B-1 1 2 3 2 2
10 With respect to the novel polymers C-1 and C-2 it can be seen that these

polymers, which contain saturated aliphatic polyhydric, polyether and phenol groups in a
single molecule, give results, even when used without a polyether Silicone B which are
remarkably superior to all of the other polyhydric silicones tested, including polymer A-5
which has both polyether and saturated aliphatic polyhydric func’tionality, and A-10

15 which has unsaturated aliphatic polyhydric, polyether and phenol functionality in a
single molecule. Moreover a further synergistic effect is shown when Silicone C-1 is

blended with Silicone B-1.

All published documents, including all US patent documents, mentioned
20 anywhere in this application are hereby expressly incorporated herein by reference in
their entirety. Any copending patent applications, mentioned anywhere in this

application are also hereby expressly incorporated herein by reference in their entirety.
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aaaaaaal A% 10% & & ()- 10% & & ()- AoQ Qv 10% & & ()- 10% & & {3 4UN 2003
10% & & ()- aaaaaaaatX< 10% & & ( 10% & & ()- ( 10% & & ()- 10% & &-‘2
10% & & ()- 10% & & ()- 10% & & ()- 10% & & ()- aaaaaa~">t X< 10% & &'(
10% & & ()- 10% & & ()- 10% & & ()- 10% & & ()- AoQ*Gw aaaaaa_t X<
10% & & ( 10% & & ()- 10% & & ()- 10% & & ()- 10% & & ()- 10% & & ()-
10% & & ()- aaaaaabBtX< 10% & & ( 10% & & ()- 10% & & ()- 10% & & ()-
10% & & ()- AoQ*Gw aaaaaa tX< 10% & & ( 10% & & () 10% & & ()- 10% & & ()-
10% & & ()- 10% & & () -

7. A composition as in claim 1 wherein R3 is a group produced by
hydrosilation of a polyether compound having an olefinic or acetylenic terminal group,
wherein about 50% or more of the non-terminal repeat units of the polyether compound

are ethylene oxide units.

8. A composition as in claim 7 wherein at least 75 % or more of the non-

terminal repeat units of the polyether compound are ethylene oxide units.

9. A composition as in claim 1 wherein R* is a group produced by
10 hydrosilation of a phenol compound selected from the group consisting of eugenol, vinyl

phenol, vinyl guaiacol and allyl phenol.

10. A diesel fuel formulation which comprises a diesel fuel and a defoamer
composition as in claim 1.

15
11. A diesel fuel formulation as in claim 10 wherein the total weight basis

concentration of silicones in said fuel formulation about 15 ppm or less.

12. A diesel fuel formulation as in claim 10 wherein R? is an organo group

20 produced by hydrosilation of a polyhydric compound selected from the group consisting
of trimethylolpropane monoallyl ether, ethoxylated pentaerythritol allyl ether,
propoxylated pentaerythritol allyl ether, tri-isopropanolamine allyl ether, ethoxylated
allyl sorbitol, 1,3-allyloxypropanediol and 2-butyne-1,4-diol.

25 13. A diesel fuel formulation as in claim 10 wherein the Silicones A and B
are present at a weight ratio of A/B of from 0.5t0 3, the R? groups comprise
(2,2-di-hydroxymethylbutoxypropy! groups, and in Silicone B the R? groups comprise at

least 75% ethylene oxide units.
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10% & & ()- aaabbbbBt X< 10% & & ( 10% & & ()- 10% & & ()- 10% & & ()-

. 10% & & ()- AoQ*Gw bbbbbb t X< 10% & & ( 10% & & () 10% & & ()- 109Ul 2093
10% & & ()- 10% & & ()- 10% & & ()- bbbbb! bbBt X< 10% & & ( 10% & & () -
C10% & & ()- 10% & & ()- 10% & & ()- AoQrGw ! b#b%b) b+b-b_t X< 10% & & (
10% & & () 10% & & ()- 10% & & ()- 10% & & ()- 10% & & ()- 10% & & ()-
-b. blb5b7b; bbBt X< 10% & & ( 10% & & ()- 10% & & ()- 10% & & ()-

10% & & ()- AoQ*Gw ; b=b?bAbCbEb t X< 10% & & ( 10% & & () 10% & & ()-

10% & & ()- 10% & & ()- 10% & & ()- 10% & & ()- EbFbCGbbclda@ X<

10% & & ( | & 109" & é) - | %100/(?' & ZE[) - 1"109%R" & ()- 10% & &s(? AoQ* Gw
JdddeYeef |1[4 < 10% & c}xcﬁe ueD Saym don as in claim 10 comprising said Silicone C.

15. A diesel fuel formulation as in claim 14 wherein said ratio R3/R? is from

0.25 to 5 and said ratio R¥/R? is from 0.05 to 0.7.

16. A polyhydric/polyether/phenolic silicone of the formula:

R T R
(R'?iouz)w (?iozn)x (Sioalz)y (Sio4/2)z
R R

where the R groups are independently R!, R, R3, R* or R%; R! is an aromatic or
saturated aliphatic hydroca'rbon group; R? is a polyhydric organic group; R3 is a
polyether group comprising about 50% or more ethylene'o’xide units and having a
10 molecular weight of up to 1500; R* is an organic phenolic group; R is a group
as defined for R? except that the hydroxyl groups thereof have been reacted to
form diester, diether, acetal or ketal gréups; w=2+y+2z; y=0-2; 2= 0-2; y+z=
0-2; w+x+y+z = 20-60; the ratio R!/R?, corresponding to the number of R!
groups divided by the number of R? groups, is 3-19; the ratio (R3+R*+R3 YR?,
15 corresponding to the total number of R?, R*and R® groups divided by the
number of R? groups, is a positive number of no more than about 2; the ratio
R3/R?, corresponding to the number of R? groups divided by the number of R?
groups, is a number greater than 0; and the ratio R4/R?, corresponding to the
number of R* groups divided by the number of R? groups, is a number greater

20 than 0.

17. A silicone as in claim 16 wherein said ratio R3/R? is from 0.25to0

0.5.

25 18. A silicone as in claim 16 wherein said ratio R4/R? is from 0.05to

0.7.
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