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i A EFFI Cl ENT DI ESEL FUEL ANTI FOAMS OF

LOAXBI LI CONE CONTENT Background of the |nvention Di esel
suel, (a mixture of a variety of hydrocarbons, mainly aliphatic, but in
whiich aromatics nmay be present at up to twenty to twenty-five weight

percent of the fuel), which also includes kerosine or gas oil, and which

I's. commonly used i n not vehi NAS,. t RS s am prof usely when
It____S__p_QLI—I’—%d——-I—H'E‘O"f_h'E- f&ﬂﬁg’ﬁ. @iEﬁeﬁ‘;@Fngﬁ?mX\ﬁdP t herefore
desirabl e to redugl:e such foam ng, which can be acconplished by the addition
of @his Shetdianis emt ly, deLGéWbIGQME CONBEYTnosi | i cone copol yrer s
wth § i) content present at about 8-16 wei ght percent. Said
defo x| added at about 10 to_ 20 parts per mllion (ppnm) to the
di esel tuel. Thus, the armunt of silicon’introduced to the engine system
of the notor vehlcl g E at 0.80 to 1.20 ppm however, satisfactory
perforfrancaadka@“lﬂ 38 AT onI y at a sili con concentration of at | east
1.2 ppm . vehicl e manuy rs. hav n t this
| evel of silicon inRigsl @ﬁ?mﬁﬁ‘mu%tae‘ﬁf'ﬁg ﬁr gﬁp%“} ﬁlfplﬁ&ﬁ

vehicl e performance. Sone difficulties which this silicon I evel ﬁﬂesent S
ar e. cl 0ggi ik sremaucs myi be present ekrur WgWeBROSitwenriivereisht BprserioRithe g he
sedi mentation of sludge in the fuel tank. Moreover, oil conpanies treat
diesel fuel, Jt}b inclQ8 @A esirrish dab it sandowitibh axotmanlyyeset in mowiravebiclesphaswer s,
V|5005|ty Brea ers and occasionally perfunes (collectively referred to as

" DAP").. Eacgﬂeogi#% g4 %Pqtﬁmfwh&éu @/\Gbu?é@fn?cff HeGudPidhk ofWth6ddr vehiély PTGa! | Y

uses-only ¥ s own fuel of these organic additives nust
b tible th f th
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defoamer. Currently, defoamers comprise organosilicone copolymers with the silicon (Si)

content present at about 8-16 weight percent. Said defoamers have been added at about 10 to
20 pa-ms per million (ppm) to the diesel fuel. Thus, the amount of silicon introduced to the
engine sysiem of the motor vehicle has been at 0.80 to 1.20 ppm; hoWever, satisfactory

‘5 rerformance has been achieved only at a silicon concentration of at léast 1.2 ppm.

Motor vehicle manufacturers have found that this level of silicon in the engine
system has a négative impa_ct on the vehicle performance. Some difficulties which this silicon
level presents are clogging the fuel filter, forming-deposits on fuel injectors and the
sedimentation of sludge in the fuel tank. Moreover, oil companies treat diesel fuel with

} organic additives, such as detergents, cetane improvers, viscosity breakers and occasionally
perfumes (collectively referred to as “DAP"). Each oil company has its own preferred DAP

- which it typically uses only for mixing with its own fuel. All of these organic additives must be
compatible with the defoamer, which is more difficult to aéhieve with defoamers witha

relatively high silicon content.
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_ Di esel fuels depivered to filling stations also may
cortain sone anount of dispersed or dissolved water which can adversely
a?flct the performance characteristics. of previously known defoaners. The
wat er causes a decay in defoam ng characteristics and in sone extrene
cases, nay cause thisef Realgwriclitoedrohilestitimnsialsg, mavadoRtiin {dhidlamisiR eSS it .
Such wet defoaners al so can result I n increased sludge deposition in the
fuel tank’ 118 # 9 to
darms ot deperapder dissalved vger Wi &%ﬁoﬁffsi’?taﬁ%%ﬁ@iv%gég%%ﬁa@%%gsﬁ%%‘?“
def oaner, wherein the p ane is a cop e :

i o gteviay koAU etaae wamsr caiselaet DR aelotinliBaticiensins andin
lymer. Said material contains about 16 melght percent silicon. Also
i N tdme pareme cases, may cagserthedefpamentozabdricalbdamiog iredaethen sippredsicone of
famly of copolynmers of

Me[ prr] Si GGEH WB RFddmdrehlsd caiteMBRininéredse®isifag e dédosition e therfudt tarkk.

(CH er?])ﬁerr ](CCH err]CH err])[err]OVe, Xx is about 15, y is on average
5.5fand n is on ave t, &b 3 n cent
si | gcon. Bot h of th@gg%éteag ss[ggérng\g’g é %ssgﬁgéﬁo ?dﬁ\l}’s‘)%{tg_]cﬁ %E%QIYB%I

thug resulting i {1 vvest | ousl kn.owR e] l of .sil n_whi cn

fundk i ons paer %p(g)ﬁx oK st efqamer,; perein the polysiloxane is a cop Wer wit

pol yi | oxanes function by being partially soluble in diesel fuel and by
decrfpasi ngolyétbersunsicased side thainsghationevide atdeast R aveight percentrafithe copolymestane
gr oups (I\/E[err]S|O) | oner the surface energy of the fuel, while the ether
si defAchai Rgid eusetiab contains bibeut16/vedight ipescent sificono! yidsol knosnin clepmigrmaesaren t he
fuel\@®s reduced. However, these polysil oxane copolyners do not work wel |
in di g £5¢fiicone 88thR MK SfddpblymerPderial, will tend
to 4 abl Jnerfc%éﬂg ?%%%H%f%‘“ﬁ\ﬁet fuene Atddl ti1onall y to funct I on properly
Ei Qgis Eﬁleﬁ%g'&ﬁ%w ,@é@mf&sﬁéﬁ% etref% s"(&‘ii,)%(déndéﬁ%%wfe}‘:? 1s a%%uVFs tyﬁ? s€

on average 5.5 and n is on average 7.5. Said material contains about 18 weight percent

slicon. Both of these agents are added to diesel fuel at about 15 ppm, thus resulting in the
lowest previously known level of silicon whi'ch functions as an antifoam of about 1.2 ppm.

§ Such polysiloxanes function by being partially soluble in diesel fuel and by
decreasing the surface tension of the diesel fuel. The dimethyl siloxane groups (Me;Si0O)
lower the surface energy df the fuel, while the ether side chains ensure that the sqlubility of
polysiloxane copolymer in the fuel is reduced. Howevér, these polysiloxane copolymers do
not work well in wet diesel fuel because the .éthers, as a hydrophilic material, will tend to
stabilize the foaming of wet fuel. Additionally, to function properly' these polysiloxanes must

be present at levels in diesel firel above those desirable in engine systems.
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ry of the Invention _ 3 The present
I n entlon is a class of organ05|I|c%ne terpol ynmers which may be wused to
abate the foanming of diesel fuel at a silicon |evel below 1.2 ppm Said

silicone terpolyners are nodified al kyl phenol derivatives and pol yethers
grafted on i poI ymer. The pol ysil oxane terpol yner has a
stqucturebgf" e‘?r"}'g)i?g‘glr‘ [err] Mwhere Mis O[err]Si(CH[err])[err] D
isia OSi(CHerr])[err], Dis OSi (CHerr is a yet her, and D
is{ OSi(CHerr])R Theresept inyentign iriats %&&%ﬂ&t“f&@e t;tpylbfnqrgwhwbmaa@et 0
350, x/(y+z) is from3 to 6 and y/z is fromO0.25 to about 9.0. Bri ef
Degcri pti aseddo dbae the toanings of diesel fuel at a silicon level below 112 ppma Sdidvsiloené or

teqting the defoaming ability of an antifoam Det ai | ed Description of
the | I]Ven"*érg@ivmers arg modified 2 allwl pﬂ@\%l @érﬁf%ﬁ{?és dnﬂ‘b%WeilﬂFk drafié éﬁﬁbeﬂsﬁ&aﬁ@

or ganosi |l i coné copo ynmer whi ¢ used defoaner for diesel fuel.
Th& copol yrrer des | be er ei t|f LES t.he d

deffoaner s B?’%l\}’fﬂﬁru Wfﬂﬁ%ﬂq‘ﬁ tf‘rﬁg gnbcingg S/ F@ désc‘r\ﬂ)yg‘are lblﬁf)l yner
of fers hi effici enc@/ﬁil n_def qam n% di esel fuel at silicon cqontents | ower
thah thos éﬁ(@ﬁsbuarya (frELs)2 Drisi@SHEHL)R avhess Bdt @ pebiethet 3pd & eis

el ign nation or a substantial reduction of the probl ens presented by high
si |fcone QSNCHR'JehemRisa phene| daivadye :die_s/p'fzsis fromr35 th3S0, Xy is frdoraggorey

fuel injection |line deposits. Mreover, the copolyners of the present

nti on,pepRRsirbal®E2s it oloabi ity in di esel fuel wherein water is
ersed or” di ssol ved. -The advant ages of the present

{ion are made possible by the cografting of  phenol derivative
tue%nefi)r;mppna/ § e 'g‘r‘l‘;lgosa silicone backbone. Prior to the present

Figure | is a device for testing the defoaming ability of an antifoam.

" Detailed Description of the Invention
13 The present invention is directed to an organosilicone copolymer which may be
used as a defoamer for diesel fuel. The copolymer described herein rectifies the deficiencies of

those defoamers previously known in the art. The presently described copolymer offers high

efficiency in defoaming diesel fuel at silicon contents lower than those previously known.
Thus, one can expect the complete elimination or a substantial reduction of the problems
% presented by high silicone content defoamers, i.e., sludge deposition, fuel filter clogging and
fuel injection line deposits. Moreover, the copolymers of the present invention demonstrate
high stability in diesel fuel wherein water is dispersed or dissolved.

The advantages of the present invention are made possible by the cografting of
phenol derivative substituents and polyethers onto a silicone backbone. Prior to the present

invention, defoamers have used only polyether substitutions on a polysiloxane backbone. The

substitution of phenol derivatives surprisingly improves the defoaming ability of the copolymer
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I nvention, defoaners have used only pol yether substitutions on a

pol ysi | oxane backbone. The subst it & iron of phenol derivatives
surprisingly inproves the defoanming ability of the copol yner

4 and lowers the total anobunt of silicon required. These highly efficient
def oaners thus | ower the total . silicon Ig_yel ﬁ‘gﬁ é‘?e final fuel. Moreover,
since t heng ke Ui ot amenat AoHison ATl d neserighly exticieptietedrersthusiaven he
copol ymer functions better in wet diesel fuel. Conposi tion of the

\Copol yner:he total silicon levels in theTtimai fieh3$oredveny gaaease phenohgroups mel yore limsotubld he
present invention is pol ysi | oxanes onto which both al kyl phenol

derivati vg$, ARdhHPinY RLHRA, ?he'@%@hhﬁ?ﬁmgﬁé’ﬁst@eﬁer ih\Get di ?s@ltt{xaduc'[ ion of
phenolic noieties to copolyners, as conpared to copolyners with polyethers
as the sole grafted group, enhances defoam ng efficiency and helps to

mai ntai n the performance characteristics of the terpol ynmers in diesel
fuel wherein water is dlspersed or di ssol ved. These

phar t cul dfompasitiontafithe Gapgolymenichi eved by a careful selection of a siloxane
bgackbone of the fornmula MJerr]Derr]Derr]Mwhere Mis term nal

i met hoxysi | oxy grDhgglass of CfganogiltiopErrpolyingfscofinhe priesens inveqidnyisi | oxane

bdi I ding block, OCSi(CHerr])[err] D is CSi(CHerr])R where Ris a

pd yet heroiaiiskaRbe6htb WiickBith @lﬂvpﬂ{e}\me@mﬂweswﬂe b6lyEthers rhhvé See’ﬁ GREEP! The

de |vat|ve The structure may bé represented as

introduction of phenolic moieties to copolymers, as compared to copolymers wzth polyethers
as the sole grafted group, enhances defoaming efficiency and helps to maintain the
10 performance characteristics of the terpolymers in diesel fuel wherein water is dispersed or
dissolved.
These particular properties may be achieved by a careful selection of a siloxane

backbone of the formula MD,D",D ™M where M is terminal trimethoxysiloxy group,

:‘_ 05Si(CHa)s, D is a polysiloxane building block, OSi(CH,);, D" is OSi(CH;)R, where Ris a

] polyether, and D™ is OSi(CH;)R‘, where R' is a phenol derivative. The structure may be

£ represented as

[ cH 3 | F‘"‘CH ; CH >
e / W/ Ly
§i —o +S O trsi O 1+Si 0 S|
L . \ \ CH »
CH » X . R Y R — ¢

fpolymers of the present invention x+y+z is in the range of about 35 to 350 and the ratio

_in the range of about 3 to 6. The preferred ranges for x+v+z is 90 to 150 and for
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For t%rpolyners of the present invention x+y+z is in the range of about 3 5
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0 and the ratio x/ (y+z) is $n-the range of about 3 to 6. The
red ranges for x+y+z is 90 to 150 and for '
(y+z) is 4.0 to 6.0. y/z is about 0.25 to about 9. O, with a preferred
bei ng about 0.67 to 4. y varying the total size
b copdlvymes 4,0 10, &0. x'zys@bout A& Snagbentsko. s\nﬂbkaffée're@rran% eing ghoug PGy +2) |,
he nature of the grafted groups, R and R, one nmay design a copol yner
rtigolhay grades of fuels, particular engine systens and particul ar
lons of use. The ratio x/(y+z) defines the hydrophilic properties of
bpol yrmer made . : S
ling to the ma?%r@gghgent 0 >¥ﬁ5t?1 Fb ?ﬁﬁhﬁg ﬁ%ﬂqhgﬁﬁgﬂg gﬁggﬁis to
pd. the nolecul ar of the pol ysil oxane
| |y SHHPS: h%t‘“é)ﬁzér*"fjﬁge E)'Iqﬁtélte Bifggrﬂu%\??ﬂ%%r%%@r“ fesietdper
iof X+y+z is determ ned by the technologlcal capability to handle

i sceapolginer foomatiicdiar gedenoifuelsepariomar engine systems aodi ppimicularrtonditionssett
e fact that in smaller sized copolyners the distribution of nodified
5 MRYyis€: AUhEratio ey e Pdetingthe hydraphitiv @roperies &if tHeardpglyeep snadé b€ a Riven sét
y has been |imted x+y+z to about 35 to above 350, but if production

y i %?&&‘ﬁ%\&/ g?&ﬁﬁ'ea}ig‘r?ﬁea? beU4ts e a@éor@hﬁ%%o b\fterEANE of tieStlel with which

deri1 Vat| ent ‘at | e percent of the grafted groups,
br ef er abl resent mgo 60 nol e percent and nost preferably present
to ﬁ b%ﬁp Hence y/ z shoul d be about 0.25 to 9.0,

prefegably 0.67 to 4.0 and nost pr ef er abl

A LM G R

Varying the molecular weight ot‘y he polysxloxane generally does not alter the
p  polymer properties, but rather the upper limit of x+y+z is determined by the technological
capability to handle very viscous silicon hydrides and the lower molecular weight limit is set by
. the fact that in smalter sized copolymers the dtstribution of modified groups may cause some

copolymers to have no modified groups. The present ability has been limited x+y+z to about

35 to above 350, but if production ability improves copolymers outside of this range may be

_ #S used.

Phenol derivatives are present at 10-80 mole percent of the grafted groups,
more preferably present at 20-60 mole percent and most preferably present at 30 to 40 mole
percent. Hence y/z should be about 0.25 to 9.0, preferably 0.67 to 4.0 and most preferably 1.5
t0 2.33. Varying this ratio alters the ability of the terpolymer to control foam and affects how |

*’ well the agent works in wet and drv diesel fuel.

The phenol derivative to be grafted has an unsaturated carbon side chain
(oletinic) of 2 to 5 carbons lohg with which to graft onto the copolymer, e.g., 2-allyl phenol.
The phenoi derivative may optionally have other substituents on the benzene ring, e.g., a

methoxy group. A typical example of a phenolic derivative to be gratted on the siloxane

This Sheet Has Been Rep laced

111}

i




¥Ng this ratio alters the ability of the terpolynmer to control
Fts how well the agent®works in wet and dry diesel fuel.

i vative to be grafted has an unsaturated carbon side chain

j 2 to 5 carbons Iong with which to graft onto t he copol yner, e

1€ erlvat ve al |y have ot her
=taﬁ‘é"%‘8ﬁ%é#éb Fﬁ*ﬁa" (Leg == vl 3 ﬁew ‘gﬂ@h viick is praferead begausel e
i derlvatlve to be grafted on the si | oxane

R ity geaetiv e mi ridrdsily leure ok rqaidileavailabla kg bifer2 love himthyhabardsl )
ferred because it is highly reactive in hydrosilylation, it is

| abl e andriefdotetherOir hedhdrbin hav@m8Recular w eu_.,hts of less than abdut&.000
DI use herei'n 'have nol ecul ar wei ghts of | éss -t han about 4, 000

I Q use
ﬁ’rgi& c{esa%&%be ﬁ PO n%pf" %ﬁgﬁnﬁiegfgmgf égés@s%te hg dggt g’gt her
Ie seventy five (75) percent of [a &‘ECtS bekg hyl ene.

S Sk &démmryerhwe apR PyRAvifer Sxidanes Faobe F iR at ieast seYemy-Bre(7S)

OXi SEIdugls on allyl alcohol and are represented by the formla:
=CHilcent o GeGlddects being erhyleay puide] Rioraipeaterably, the pelyethers thatraselr ogen,

lgr Oje or an acetyl group and nis fromb5 to 10. The nost preferable

fer BB Clageddirafettftbnk Dxide adducts on allyl alcohol and are represented by the formula:

=C err]O(CH[err]CH[err]O)[err]CI—I[err] The

ol cen o O oot i a5t ety o, o
t : 'Pg?@dp gﬁaibhﬁ g :paab"i‘e péiﬁ%tﬁertp%g&ﬁﬁq dh is at 2 ppmto 4

nDunt of pol ysil oxane
es ng in a silicon content of about 0.4 ppmto about 0.8 ppm
i s pFCHEEO G BGHknown functional antifoans. Preparati on

ol
The poiysiloxane terpolymer should be added at about 2 ppm to about 10 ppm

the diesel fuel. This results in a silicon content of approximately 0.4 ppm to about 2.0 ppm

of silicon. Preferably, a minimum amount of polysiloxane terpolymer is used and the preferred
.3

range of addition is at 2 ppm to 4 ppm, resulting in a silicon content of about 0.4 ppm to about

'0.8 ppm, which is lower than previously known functional antifoams.

' P ion of Copoly

The main starting materials of the reaction are polysiloxane hydrides of the
formula MD,D",..M, wherein x, y, z, D and M are as above, and D' are the reactive

# OSi(CH;)H groups which are the sites for grafting of the polyethers and phenolic derivatives.
The D' units are transformed into OSi(CH;)R or OSi(CH;)R', where R and R' are as above, via
a hydrosilylation process, which consists of reacting olefinic species with the silicon hydride

8 . H moieties. Given the requirements, for x+y+z the starting polysiloxane should have 30-100

cc/gm active hydrogen (SiH), and preferably 40-70 cc/gm. The method of manufacture of

these starting copolymers is well known in the art. '
- This Sheet Has Been Re; ﬁ
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he main starting materials of the reaction are polysil oxane hydri des of

he formula MDerr]D [err]M Wnergi.g X, ¥, z, Dand Mare as above, and
are the reactive OSi (CH err])H groups which are the sites for
yrafting of the polyethers and phenolic derivatives. The D wunits are

ransfornmed into OSi (CH err])R or OSi(CHerr])R, where Rand R are as

bove, via a hydm@;{kec;ﬁgﬁ,!tf?@maﬁ%?ﬁ%e bé"éﬂa?%c)iﬁﬂn?ﬂhétnélx‘,@fhefse&‘ateahg&iic

efinic species with icon hydrid ieties’ Gven th

requirements, for x-y+z the startin ol ysi l.oxane shoul d have  30-100
ct/ gm act i GeriYRHYEDIPERE %’SF?‘B? .?%ﬁgaﬂﬁ'gf‘g‘f’ﬁ%‘/ﬁf’ Hﬁe-”?ga'bc?‘g?ﬁm?ﬁég H8d of
nuf act ure of these starting copolyners is well known in the art.
7 determined\dsiabavenad then antexcese abovsrthersistchinmestically senuped hmokats
pol yet hers and phenolic derivatives to be grafted. The rel ative anounts of

phenol and netdigiry tPrdabr Wil 1t iR Reivelipides FnNSIH S a8ded\diedd dide hedetians EurngIhe
above the stoichionetrically required anounts necessary to react wth all

the active hydragen £Si ' siofe. I eastLiQNgs e : :
maput dct ur ERSHIEREE pERsapRErERERs 2 Behdniintiin SAREUATsM ol Bt sitErigmprrc
stoichionetric requirenents of the phenol and ether are added.

i onal | y,""-%"@ﬁ‘FV’ér?t’”P%P}‘&B@é’&dteg‘eéﬁ%ﬁﬁdgg‘li'hat the reactants are well mxed

t hrjoughout the reaction. Solvents useful herein include, but are not
ifited to, DPG (di (Insioptlishe sgiveasds pddeddo epsuge that theireacsanssiane well mixed ent

ssary depends on the reactor size and other reaction conditions.

at i nuMiratighans the RadtdaliSobanisaisefubkerbiydnohsdel butadre aoe imitq wePPG at a
nabl e speed. Chloroplatinic acid dissolved in ethanol is preferred.

nmount Ldvad b héfdct

o o §Hhropy ¢ B4 of £ RithérEC TREURRHR, CRRolal feBl S ERERA In ictor

to the reactor to
preyent undesi raabl e side reactions. '
10 size and other reaction conditions.

A platinum catalyst is required for the hydrosilylation to proceed at a

_ reasonable speed. Chloroplatinic acid dissolved in ethanol is preferred. The amount of
catalyst required depends on the catalyst chosen and reaction conditions.

Buffers may be added to the reactor to prevent undesirable side reactions.

15 Suitable buffers include sodium bropionate and dibutylethanolamine. The buffer may be added
at épproximately 0.1 mole percent of the copolymer.

The reactor should be warmed to about 70°C to about 90°C. The reaction is
exothermic, but coolihg the reactor is not necessary so long as the temperature remains within
the desired range.

The reaction should be allowed to progress so that the hydrosilylation is
complete and the active hydrogens have been replaced by the polyethers or the phenolic
derivatives respectively. The reaction takes, depending on the temperature and the catalyst,

about thirty minutes and may be monitored for hydrogen devolution to determine when

“mplete. The reaction prdducts should be ailowed to cool and may be filtered if necessary

® the solvent removed if desired. " “This Sheet Has Been Replaced
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The be warnmed to absut® 70[err]C to about 90[err]C. The
rea hermc but cooling the reactor is not necessary so |ong
~as the terrperature remains wthin the desired range. The

reaction should be gij. %ﬁl%gh%cho?ﬂ eﬁét%ﬁo&%? slfoh %V%fugﬁ]éoy:lﬁgf @ﬁJeB'SIOO

onpl ete and the active rogens ave ‘been repla

Ew tabl e 1 cI ude sodi um propi onate and di butyl et hanol am ne. The
uﬂ“ i at appr oxi matelay 0.1 nol e percent of the copolyner.

tihe phenolic derivatives respectjvely. The reactlon t akes, dependi ng on
the tenpera® {0Qemnar iqhatiend19PY gpm). "‘%ﬁ&lﬁ"‘%H’ﬁCWS‘P fPhiicha difktiomass high
nitored for hydrogen devolution to determ ne when conplete. The

acti on ptiphhtictagobblsuiugh be ethivihevand! onisadeshnaln Juoiny sdietién mawbeddddd directly
cessary and the solvent renoved if desired.

PLACEMENT 1hefdfi€ski fudt or blended with other aaEQR e@fborf E\P?E@ pél Qﬁédlﬂed ih rGﬁ‘e 31‘3§d?ﬁ1el’ mer
ould be diluted to approximately 1 sol ution ppm .
e sjol vents preferred for such a di I utlon are h| gh aI i phatic aI cohol S,

ch "as et hyl hexanol or isodecanol. Such a solution my be added di rectly
the diesel fuel or blended with other additives ( e.g. DAP) to be

sol ved BXamples dj esel fuel . Exanpl es Exanple 1 A
rogen bl anketed gl ass reactor at atnospheric pressure, which was

i pped \Bxample It enperature probe, an agitator, a condenser and a nitrogen
et, was charged wth 37.0 gnms of polysiloxane hydride of the general

nula M) err] D [ er Alniregetbidnkired gfids Feactof abatfHosplteric\pPessiri@! %&Hvﬁg 10

s of SiH), wherein Mis a termnal trinethylsiloxy group, D

err]) L*.&LE gé Q}tﬁgg @%érﬁugsb&w[aﬂrarq tator, condEnsdFEnd’d m%lg&ﬂnh&rwgé)&{a?ﬁéa' ng
wei ght
10 with 37.0 gms of polysiloxane hydride of the general formula MD,D"1sM containing 60.5
cc/g of active hydrogen (0.10 moles of SiH), wherein M is a terminal trimethylisiloxy group, D
' is (CH;):Si0 and D’ is OSi(CH3)H, 35.6 gms of polyether containing 8.7 weight percent of an
allyl group and of the formula of CH,=CHCH,O(CH,CH,0),CH; (0.078 moles), 8.5 gms of
high purity (98%) eugenol (0.052 moles), 81.1 gms of high purity dipropylene glycol (DPG)

15  and 120 mgs of sodium propionate. The reaction mixture was warmed to 72°C and platinum

[ catalyst was introduced as 3.3% solution of chloroplatinic acid in ethanol, corresponding to 10
ppm of platinum. The reaction is exothermic and the reactor temperature rose to 84°C within
several minutes. The reaction was complete (i.e., the SiH was consumed) after 30 minutes.

The copolymer was allowed to cool in the reactor for 30 minutes and then removed and

filtered. The resulting polymer was of the structure MD oD 19D ""sM wherein D" is

0Si(CH;)CH,CH,CH,O(CH,CH,0),;0CH; and D™ is (2 methoxy-+4-(CH,); SiO(CH;) phenol).

Examples 2-6

Several samples of copolymers were made according to the present invention

and their antifoaming properties were tested using a test recommended by E!f Antar France.
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allyl group and of the fornula of

CHerr]=CHCH err]O(CH err]CH err]O)[erg] CH err] (0.078 noles), 8.5 gns of
Hi gh purity (98% eugenol (0.052 noles), 81.1 gns of high purity

.di propyl ene glycol (DPG and 120 ngs of sodi um propionate. The reaction
m xture was warned to 72[err]C and platinum catalyst was introduced as

3. 3% sol upineRufdred 0 0D) @ploBtiesel Cuckobdined firtnh Sheil Oil Cor 5N B tHedekdanifly PPM
f pl atlnum The reaction is exotherm c and the reactor tenperature rose to

4 err] C hin, ~Se\% S Si H
was. consungdhy 18y FAFSER BB &P pachie LERE ‘%‘8“-'? 25t i o e e
reactor for 30 m nut es and then renmgved and, fil tered The resul ti n?

pol ymer wARUIGR 20fe Jie mivurewvaTRlased)imee exgerimestal fastentl s dfustrated dn Fig. This
GSi(CHerr])CHerr]CHerr]CH err]O(CH err]CH err]O)[err]OCH err] and D err]
(2 net intyredvisGhbeintdodbesd tb S dsSitliber2 dnd pressuriked to 0.4 fxABIYans Thebglass
Skver al sanpl es of copolyners were nmade according to the present invention

ald hel I opR's 93 RAoR ARG indfe Btidin 28 th atmgm@cttoﬁ%nﬁ@wm@my

EINf Antar Franc

e hundred f uel btalned Shel
tHe def oamt%égrag@awﬁ cHlins 3o st neie s Sps et ion s whichy Uhinshe i 550
ccl contai ner and kept for one hour at 20[err]C The m xture was placed in
an| exper i raahesia qetgindevel 6ax thel thbes2.requsas thewvatyeyd toicloserand startsia stop wateh %.hen
i njroduced to a glass tube 2 and pressurized to 0.4 to 0.6 bars. The gl ass
tufe 2 haTheiniidl faon dolumeethd graduated dytinderd add thd finl itahkes\for thejfedh k@ decaly
liquid in the tube into a graduated cylinder 4. Mreover, there is an

ar ed ttestaﬁcem \;?t\?%sbéxrét’weg\éxhﬁiaf Yilimed ﬁ@%@?ﬁeﬁs&ﬁ&gﬁtﬁ Aﬁxég%-  §ehe

2, causes t e 0 close and starts a sto t al

@ci'y”?‘ﬁ#oegrt'}?es%ae?rﬁa R e ko P S s o=

i se neasures of the efficiency of . .
relatively quickly. Rather, the data is provided for comparative purposes. A good defoamer

. typically has an initial volume of about 110 cc to 130 cc of foam and liquid, while a blank
(without a defoamer) typically has 220-240 cc of foam and liquid. A blank test (neat diesel

fuel) was run at the beginning and the end of each experiment and the average decay time was

48-50 seconds with a standard deviation (o) of 0.80 seconds.

j The copolymers of the present invention which were tested had the

compositions set forth in Table I below and were generally made according to the procedure

set forth in Example L. The mole percentages set forth in Table I are percentages of the molar
sum of the ether and phenol groups added to the reactor to produce the copolymer. The ether
used for all copolymers was composed of seven ethylene oxide units (CH,-CH;-O) terminated

H

With a methoxy (CH;0) group. Copolymer E was made specifically as set forth in Example 1.
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nmers

of 0.80 secongs olymer ! \+&+Z 'Nve\’eﬂpol /MmIS'/ods‘théme DMele%tphmbntl
ich were tested had t he corrposltlons se forth in Table | bel ow ang
re gener a--y—rade—aecordrng—to—theprocedpre set—fortirTmEanpte

The nol e percentages sef ®@rth ini Table | afe Prcent age"@Kalinltﬂlendl)ar

sum of the et her and phEnoI groups added to|the reactor fo produce the

copol yner . —Fre—ettret psed—for—at L,U[JUI YMETS WaS TOMPUped O  SEVET

et hyl ene oki deBunits (C'—|[ &r] - CH[err-’r}/-O) tefm$dted w {ROLcygepeldxy

(CH[err] O)| group. Copol yner E vva5| made spec flcal ly as set forth in Extmp,l e

10

TabI e | Copol Gners of thé@7pr esentI fientioh 60 cCopol ynmpA0 (eugenoly, v, 7

Xl ((Y+2) I Mol . % et her % phenol A\ 97

80 : 20 (ally[p oI) L 5B 97 -

80 D20 (eugehoP g 2= 8%7' 20(31“’*’“%06

60 40 (eugehol) 143 -

80 20 (ally]p ol) s2 E 119 5.3

E40 (euge"lorggl ThE rbé"sul ts of the tests pf‘wt(ﬁjegsegd():opol
a nmpareld _to coobol vioer X _(npde _Bccording.lo,

The results of the tests of these copolymers as compared to copolymer X (made according to

the teachings of U.S. Patent No. 4,690,688) and XX (TP-303, commercially available from

wn

Union Carbide Corporation of Danbury, CT) are set forth in Table II below.

Table IL. Comparative Data for Dry, Fresh Diesel Fuel

\ Defoamer Si conc. in fuel (ppm) Relative Collapse Time
' (% of blank)
X 1.20 45
XX 1.20 25
A 0.80 14
B 0.80 12
; Cc 0.40 30
D 0.50 26
| E 0.64 18

This Sheet Has Been- Reﬂlaced

IR lIIIII i

The average foam collapse time for fresh, untreated diesel fuel was 48-50 sec.




¥he teachings of U S. Patent No. 4,690,688) and XX (TP-303, commercially
vail abl e from Union Carbide Corporati @l ef Danbury, CT) are set forth in
hable Il below . Table I'l. Conparative Data for Dry,
esh Di esel Fuel Def oaner : Si conc. in fuel (ppm

| ative Col | apse Tine . . . . . .
(% of bl anKihus, the copolymers okthe present invention provided betteg defgamers than those

4 XX 1.20 25
A commercially availabl®afDwith a lower amount of silicon presehtlin the tuel. B
0. 8o 12. C 0. 40
30} D 0. 50 26
0. 64 ' 18 The aver age

fodm col | apse tjnme for fresh, untreated diesel fuel was 48-50 sec.

11 | Thus, tH@™&Idr rs of the present invention provided better defoaners
than those commercially available and with a | ower anount of siljc¢on
present in the fuel. A defoameppitbe present invention was tested agN“EFeafﬁPéWEFm@ﬁYthe
present invention was tested against a commercially avail able defoamer in
wet di esel aiaitible deBSimdrimwet diesel Erel. Wi Copjne df wvated was eddddueldieseldfireler ci al | y
avail able from Shell Gl Co., along with 200-300 ppm of DAP. A defoaner was

then al so agg@fbreidi\eavalidie FBnVSHelBIREEN alofg whth 200:3.0085pm 6f DAPBUA defohmepaas
75 shaker at maxi mum speed. The m xture was then allowed to stay for a

peri pd of L} SPERlehl Fe btk FRRRs sthafH for 19 SiBEE G Bufrel hiaki 75 ¥hakirla !

was use or exanp

maximum speed. The mix;ure'was then al'lowed to stay for a period of time specified for each
10 test. The procedure to test the effect of the defoamer on the fuel was used as for examples 2-
6, except the results are recorded in absolute collapse time in Table III below. Copolymers
. XXandB are. the same as those set forth in the above examples.

-

Table III. Comparative Data For Aged, Wet Diesel Fuel

5
Defoamer Si conc. in fuel (ppm) Time (Days) | Collapse Time (sec)
XX 1.20 : 0 24
XX 1.20 16 25.
) XX 1.20 62 32
B 0.80 0 14
B 0.80 16 1S
B 0.80 62 19

Again-the polymers of the present invention provided a better defoaming agent than those of

the prior art and at a lower silicon level.
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6, except t he results are recorded in absolute collapse tinme in Table |11

bel ow. ea}actdB are the sane as those set forth in the above
exanpl es I , Table 111.. Ggmar atwe—Date—Fee—Aged—V‘é
Di esel Fuel SI conc. in fuel ﬂmﬂ“ﬂ'm"'lrﬁmr

0.

Col | apse Tinme (sec)

24 Il 1.20 25
XX ot 1.20 62

B 0,.80 . 0, 14

B 1. Apdiggst fuel detoaming agent compgsing a polymer of the formuls

B 0. 80 62 19 Agai n
the pol yndM3DofD 1. e wheresdns OisBWEH: )s,D ipr O8i(Tel), anBtcbsnrcmt,eanr@ ol PR

t han t hose of the prior art and at a lower silicon |evel

-12- D™ is OSI(CH;)R', R' is a phenol derivative, x+y+ -

1. An organ05| i cont)a terpolpymer of th(ea vf érlsrﬁ’J3 zsisol\/sl[(grr] L@\Q@%Mﬁﬁ

is Ogerr] 56]—1[err])[err] Dis a is osi(CHerr])R, R is a polyether, D**
is O5i( err] is a phenol derivative x+y+z is 35-350, x/(y+z) is

3t 6 d vy/ 0. i t | m1 wh
the phenol ée'r.svaﬁwngémanﬁgmegt%lﬁ e i Wiend Ay BNAESA " mar bon

in Iength. 3. The terpol ymer according, to claiml1l wherein the phenol
deri vat i vevdrecashopesidg chain of two to five carbons in length.
‘ 3. A composition according to claim 1 wherein the phenol derivative is eugenol.
4. A composition according to claim 1 wherein x+y+z is in the range of 90 to 150.
10 . 5. A composition according to claim 1 wherein x/(y+2) is in the range of about
4.0 t0 6.0.
6. A _c_:_omposition according to claim 1 additionally comprising diesel fuel wherein

. the defdaming agent is present at 2.0 to 10 ppm.

7. A composition according to clatm 1 wherein y/z is 0.67 to 4.0.

'S 8. A composition according to claim 1 wherein the polyether is éomprised of
ether monomers of which at least seventy-five percent of the ether monomers being ethylene
oxide and has a molecular weight between 200 and 800 gms/moles.

9. A method of reducing foaming of diesel fuel comprising adding to diesel fuel a
~ polysiloxane terpolymef of the formula MD,D", D™, M, where M is OsSi(CHs);, Disa

1 OSi(CH3),, D' is OSI(CH3)R, R is 2 polyether, D™ is OSi(CH:)R', R' is a phenol derivative,

X+y+z is 35-350, x/(y+2) is 3 to 6 and y/z is 0.25 to about 9.0.
10. A method according to claim 12 wherein the phenol derivative has a
drocarbon side chain of two to five carbons in length.

1. A method according to claim 12 wherein the phenol derivative is eugenol.




4. The terpolymer accordingto claim1 wherein x+y+z is in the range of

90 to 150. mllmmmmn)m . riacco_rd]l'r)j;g_to claim1 wherein x/(y+z) is in

tthe range of lmﬂ The terpol ymer according to claim1l wherein

ylz is 0.67 t6 ©4.9. " 7 The terpolymer according to claim1 wherein the
pol yet her is conprised of ether nononers of which at |east seventy-

five percent atf.the\ mieliod J0RREREBLS (07 PO, LIyl ene oxide and . has a
mol ecul ar wei ght bet ween 200 and 80 %ﬁ%/“ﬁ%&é‘s“?"‘:?.m % rARseRIP0de 1#@duci ng

foam ng of diggel f |84 ng adding to diesel fuel a polysiloxane
t er pol ymer asq?i'efi ﬁgﬁefhggggé&gﬂeg%%*%ég WheRSHEY: (Y2 il i thi range of about 4.0 to

- 13- <n 9. The use of a polysiloxane terpolyner as defined in any of
clains 1-7 as an antifoam conpound for diesel fuel. 10. An organosilicone
terpolymer with phenol derivatives and pol yethers grafted on a

pol ysi | oxane ddpol yhiethod according to claim 12 wherein the terpolymer is added at 2.0 to 10

5

£pm of the diesel fuel.

15. A method according to claim 12 wherein y/‘z is 0.67 t0 4.0.

16. A method according to claim 12 wherein the polyether is comprised of ether
mondmers of which at least sevenr};'-ﬁve percent of the ether monomers being ethylene oxide
v and has a molecular weight between 200 and 800 gms/moles.

10 17. A method of reducing foaming in diesel fuel comprising:
(a) ~ adding a polysiloxane polymer to diesel fuel 50 that the total
_ silicon content of the fuel is less than 0.8 ppm; and
’ (b)  adding DAP to the diesel fuel composition.

18. A metnod according to claim 17 wherein the polysiloxane polymer has the

formula MD,D’,D™",M where M is O sSi(CHs),, D is a OSi(CHa)z, D’ is OSi(CH3)R, Ris a

e "

\ polvether, D™ is OSi(CH3)R', R' is a phenol derivative and x+y+z is 35-350, x/(y+z) is 3 to 6

and y/z is 0.25 to about 9.0.
19. A méthod according to claim 17 wherein the total silicon content in the fuel is
in the range of 0.4 to 0.8 ppm of the diesel Fuel.. |
20. A method according to claim 17 wherein the polyether is comprised of ether
monomers of which at least seventy-iive percent of the ether monomers being ethylene oxide

nd has a molecular weight between 200 and 800 gms/moles.
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