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DI ESEL FUEL WARYHBRI cATI NG O L ANTI FOAMVS - AND METHODS

OF USE : DIESEL BAGGRAWDLGERTHA T INENIIIONMNTIFOANS Fiel d of the

Invention 5 This invention rel %F‘DS ﬁ&%@gag%ngsggent s for petrol eum
'c :

products (such as diesel fuel a ing oils) and crude oi

denul si fyi ng agents, and net hods for using them 2. Description
of Related Art 10 Di 8D OFe THE IR eEPFIGyvari ety of

‘hydr ocar bons. Mst of the H§ ?%g§§ ons are al i phatic, but aromatics may
be present at up to twenty to twenty-five weight percent of the fuel.

The m xture can a0 §ncEUdRekenQentacy gas oil. 15 Diesel fuel is
conmonl y used Th nofor vehicles nd S n t oam prof usel y
when it i $ polflels invepkRign ﬁ@lfaggls t%lgeg#a°%%§og§§feiﬁlsc?8; It is
therefore desip@preléamr prodactscHsieiniawy, diwseh fual and be acconplished
by the addition of.a_defoa 2 | | RTT ah di lg fuel
wi th organic eS; “such as detergents, cetane”Inprovers,

- ﬂubraﬁa %pg 884 s) %nd ﬁfﬁéa ofPrasmL e81 koAl dgkls,

vi scosity breakmdsmenhtodscforonsing fdemmnes (collectively referred to
as "DAP"). Each oil conpany has its own preferred DAP which it

typically 25 wuses only for m xi with,its own fuel. Al of these

organi c additi%esnﬁﬁgFlﬂéleﬁnﬁ%tg%%??ﬁqrﬁﬁme def oaner .

Di esel fugds delivepgdsed Fueli ig s atixnmsreled a varimpycofit ain sone

amount of dispersed or.dissol 3 r ' ~ad sely affect the
phyasﬁgﬁgggggq Yot f‘%ﬁé*%%ﬁ&& afBBngdiee

per f or mance ri'stics of previo y known defoaners. The
wat er causes aalidphgtic,dbusaFirepacHasmdrayiReipsegpgt at up to

. twenty to twenty-five weight percent of the fuel.
The mixture can also include kerosine or gas oil.

15 Diesel fuel is commonly used in motor vehicles, and
has a tendency to foam profusely when it is poured
into the fuel tank of a motor vehicle. It is
therefore desirable to reduce such foaming, which can
be accomplished by the addition of a defoamer.

20 0il companies treat diesel fuel with organic
additives, such as detergents, cetane improvers,
vigcosity breakers and occasionally perfumes
(collectively referred to as "DAP"). Each oil
company has its own preferred DAP which it typically

25 uses only for mixing with its own fuel. All of these
organic additives must be compatible with the
defoamer.

Diesel fuels delivered to filling stations also
may contain some amount of dispersed or dissolved

30 water which can adversely affect the performance'_
characteristics of previously known defoamers. The
water causes a decay in defoaming characteristics and
in some extreme cases, may cause the defoamer to
enhance foaming, rather than suppress it. Such wet

35 .- defoamers also can result in increased sludge
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I n some extrene cases, may cause the defoaner to enhance foam ng,
rat her than suppress it. Such wet 35 defoaners also can result I n

i ncreased S{ft!g%“ WO 97/ 38067 _

PCT/ US97/ 0515 067 dep03| tion in the fuel tank: URCEEPIUHL s
Patent No. 4, %&@& uggi Eﬂe fue A apk et al. discloses a typical prior
art - ponS|onane for oaner, wherein the pol ysi | oxane

is a copolyner wit W’b’cﬁ%tﬂ%‘r‘tgﬁdga"—ent Neai ds &§Px68F o‘«ﬁ%‘@‘ét tpeast 25
wei ght per centz\dﬁmst et al. dDpoigpes. aHeywpieyal prdear patysi | oxane :

copol yners do k f uel because he et hers,
as a hydroph|I rhgér}fmé W Iu?enaye% gteg%%lmlez"‘g vﬂ%e% ?%eém ng of wet
fuel. Ad8iti my%nquanemumncopolyps@pmtyx tiedyeghey ssidganes nust be

present at | S 4 ' f yel e algh [ n e
systens. chal 1P éhé@z%kﬁfegcglebéghgﬁprtgcg%ggqﬁ F{iegf%éa;nr% %Elghg and/ or

degassi ng or g&ARC NG %rs, HPWRYSHr nfhesesprlysiloxane |SoRRANMETE #8am
suppr essant C(initalwbm well in aégaameaeuyﬂﬂeoxmawstdﬁ s cd thers(

dechai n hat | -
zlont ai nls ?\I gh al"s'eva(aI]"Js,y‘%{:Fl Rﬁ@ Qéﬁi- hiCaﬁaggS#%?ﬁeﬁlsaﬁfab’t %ﬁgﬁﬁ@s. I'n
addi tionl0it Emamiang rmi)rmtli)ﬂlelw t AdditiopaRlanmd teodanuttionge wel | .
Lubri cati ng 0'ﬂz%;%ﬁy)fél‘é‘é‘sé%@Iy§£ﬂoﬂﬁn@sxhﬁirs%5be rederit Fw@rocar bon base

(for exanple, aI enhance | ubrjcation
per f or mance 23“""? 2?%‘?“{1&31?& EggBF ?’Pﬁ?tmgﬁé AR epgine
cont ai n hi ghl )syrafenim.d parafinic hydrocarbon stock, or synthetic

pol yol efins. Duri nq%Eap éf éo&egﬁg?ﬂgrg CaPro(:fegr |fg§_t thdar%:ghv%um' cating

gear boxes or Ines), suc et produ
t endencylfo f gnd/urdrgasging praansansygtems, including diesel

oil, by adding a foam suppressant containing an
organo-pelysiloxane with unsaturated sidechains. A
disadvantage of this foam suppressant is that it
contains high levels of silicon, which can be harmful
20 to engines. In addition, it can be incompatible with
DAP and does not age well.
Lubricating oils are often comprised of mixtures
of a hydrocarbon base {for example, mineral oil) and
- components which enhance lubrication performance
25 (esters, for example). For instance, typical oils
contain highly refined parafinic hydrocarbon sﬁock,
or synthetic polyolefins. Dﬁring application and use
(for instance, in lubricating gear boxes or |
turbines), such lubrication oil products have a
30 tendency to foam abundantly. Such foaming, in
combination with the propensity in moving machinery
parts for air to be trapped, can adversely affect the
lubricity, which can be detrimental to fast moving
parts of machinery. Consequently, abatement of foam
35 and rapid deaeration of lubricating oils is a serious
technical requirement for use of lubricating oils.
Standard silicone oils can be used to prevent
foaming of lubricating oils, and are efficient
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conbination wt h %fxpenm ty in noving machinery parts for pgrués?/05150
be trapped, can a versely affect the | ubricity, which can be

detrimental to fasyePdndks at PRy S1OW ﬁaﬁbsn%}boueonsnequm Ippmﬁbatement
of foam 35 and rald deaer tion of lubri t|n i;S. a_ser
ﬁg Eults

technical require G usEOET 1T i RERE in ‘an "gfé:l FhFatly
silicone oils can ne,vumiaémtpimerate 'I'heamong ef Digierdattihey 9iliconed
are .efficient

PCT/ US97/ 05150  OderSHiRd®e 5 % H)®1 5% Ta ééngué‘ ed 4 9“5338‘%6‘?3““‘ of
However, their Susedesetatiomsul Far i inghanfadesFiapopne °HlﬁN§k§&ﬁ%&lHn

rate. The nore eff't‘i‘ag{‘taﬁci‘erét‘.éiﬁoé‘fr forOabotef QaMfinutdha fESE the
pronounced is the pro

emof 5 deaeration, For hf: %E;fswlcone oils
typically trap%%ﬁ?%@ﬂ?ﬁrP%ﬁ?lq%raéﬁoﬁF gHi ﬁﬁ%@§’ ‘ter the stream
of passing air is swtclpsgaiic defoamersOfgachcadepadiysrcryisitnd-laased
pol yacryl at e- based defoa S | e r art)
10 are effective ARFIET BN |+c%\é$% E%gége%l&ﬁ’ Bto?ﬁl%%ﬁ;irrgtﬁ%gnsé?egm
about 100 - 200 pprareHefective lubhbcatien; cidndefpamediodters is very

| ow at Conce“tc!&{éa{tsré)@iaﬁsnffbﬁuabéat 100 ppmoov\lgs;lne Howd¥&aNi C
def oaners provide a satisfact.or eaeraé gn 15 r.at es, treat rates are
undesi rably high, &helgseffica %‘&%Yu ag,BPLPAPRKEs 1R @{ﬁé:ryt 3the treat

rates for si | icstiemtitstions betweehnabesti 09 t-héle ppm s edhiiDef oaner s,

t t f h . hed
i ne and measuri ng SAGARG G4 oRREEE prOVINE A bac ¥t aly AERAGIGNNE
density of fradh foranss, the|%rm%%hrﬁbﬁéra?ﬁaﬁnﬂﬁéﬂnﬁbky\hkqﬁwl%@@ aree
oi . The fast gydlpaddfd L r@ﬁﬂéstﬂ%hébetﬁﬁﬂsﬂﬁé ¥reditd ratesVEbL be

hi gher after, for exanple, 10 m nut es for an oil having a
density of 0.872 t F 3 FqRey oils
In testing these current defoamers, a strong

stream of air is passed through oil during _

20 predetermined time aﬁﬁ-measuring the density of such
frothed oil with time. The density of froth formed
is much lower than that of a virgin air-£free oil.

The faster dearation means that the density of oil
. will be higher after, for example, 10 minutes. Thus,
25 for an oil having a density of 0.872 the initial
' froth density is 0.810 due to air whipped; it regains
its original value for untreated oil after 10 minutes
while the densities after 10 minutes are 0.832 and
0.844 for oil treated with 10 ppm of silicone o0il or .

30 200 ppm of organic defoamer, respectively.

In general, in the petroleum industry, before
oil is shipped from a refinery it must go through a
process of demulsification, whereby undesired water
is separated from the crude oil and removed.

35 Currently, demulsification is carried out using an

| organic demulsifier, such as TROS6002X produced by
TROS Company, in amounts of about 100ppm. The
organic demulsifier is usually dissolved in an
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froth density is 0.810 due to air whipped; it regains Its original

value for untreated oil after 10 m nutes while the densities after 10
m nut es are O and 0.844 for oil treated with 10 ppm Cflh é’.ﬁ&q
oi | or of or gani ¢ def oamer, respectively. Og nggenegoal

in the petroleumln ustr f MmA nery it
‘must go throug"h %mag:.c ¥8‘8§%§1 df a&’ermtl 4| ca?;é%nggvxgergb c>laji'ndgt‘lcstlsredywater
is separated febﬂechedemuagu@nlca&i@nenm arsgunamfeéprn}alﬁiefrhﬁéu fication
is carried OUtdéﬁéﬁR%gagg the %wémd:f i S| 1B andUahoantTRESANR:

.produced by i'n anmounts of about 100ppm The . organic
idenul si fier isistRe] 9rb}fi§58ll\;ed in an g
WD 97/ 38067 PCT/ US97/ 05150

aromatic npound, and then u o] iw'g.%rr ef f ect
denul sification. The anount %&?Sﬁ?lggE Et epends on the type of crude
oi | and ampunt of wAceerdingily,t ibisafde of |the present invention SUMVARY

OF THE | NVENTI {]\-1ude the, d8veQicHnddity, optﬂéﬁééméi'st BRakr aHedd ViR i On
i ncl ude the devel opnment of _defoafmer,s that a%‘%ess t he af or e-descri bed
probl ens in thf@re-described Hrr?ib"'r?é“ dFR8n®Ttt he i nvention

contenplates a 10 1fil oae embedjaers mwenmqant;zonr eoﬂteﬁp]rane&eaused

to abate fhe foam ng of I q&%]; and
| ubri catl%(g 0i ¥& 89 o%g%},%ﬂ‘i@é&%d ruc ﬁ%gg tc“o Stlt "{éll%] a
‘backbone of to pbaysu tbparf@amm af d?ﬁﬁ%obﬂamtﬁa°éﬁc§ﬁgarﬁu§ r&Rip. 15

Consequent |y, §DebbhSeaalcahd B A dBEINP| S1EES | These CoPoIVRSKd O
enconpass organgzne)dlstmct%ol ysilo eoe s

res conéyitutlng a backbone of
polysiloxane onto which is grafted an organic group.

15 Consequently, in this patent the term copolymers is
intended to encompass organomodified polysiloxanes.
In particular, the defoaming agents can comprise a
polymer of the formula MDD’ D" M, where M is
0 ,Si{CH,),, D is a OSi(CH,);, D’ is 0Si(CH,;)R, where R

20 is a polyhydric (i.e., contains at least 2 hydroxyl
groups) C,-C,s organic group, which preferably has a
molecular welght between about 134 and about 644, and
which is completely saturated, D" is OSi(CH,)R‘,
where R’ is a phenol derivative or a long chain (C,,-

25 C,,) aliphatic group or polyethers, z is between 0 and
80, x+y+z is between 10-200 (and preferably between
'20-160), x/z = 1, and x/(y+z) is between about 2.0
and about 10.0 (and preferably between about 3.0 to
about 6.0). The polymer should be present in

30 sufficient amounts (i.e., effective amounts) to
reduce foaming of petroleum products, and preferably
present at about 1.0 to about 5.0 ppm, which results
in 8i levels of between about 0.22 to about 1.10 ppm.

In addition to the previous formula, the
35 defoaming agents can comprise a polymer of the
' formula M‘DM’ where M’ is O ,Si(CH;),R, R and D are

the same as defined above, and a is between 4-10 (and




I ticul t [ I
f(r)]r ICr;fjllr aI K/IIZJ)[ Z;r] F’ékr%f%apep?] ﬁ/lge\r/]ergaR/l icgrrprl seoa[ err] Si ?Cﬁr‘;rﬁfgr rfmsl_l)s0
is a OSi (CH err] ?aéf%%%r?g%yl %gr Oe@gﬂ[gg)] )R Tﬁ\gef,(g:% aQ sHo?u]]qi jod yhydri c-

(i.e., contains rouaE rrj-C err] organic
group, which prefRresepthid &ufflc’-rﬁi"rfec%ﬂ‘%m i GRt TS FoARRY 188 and

about 644, and et%lé’aml Proaudte,cland aptie feeabl ' pIr%s@ﬁt(@ﬂ[edlbc])ﬁR4

where R is a phenol vat,i ¥e or 4 | ong chain (gLerroL@ %[Z?rr])

al irphatic group O?P‘BOI y b °?"P‘§‘goeﬁ%§l © 0°3HRd 6“%?% i s between

10- 200 (and B ef gpabjmebst wéelelther Apuddla MDD T8N or Eodmul@ #)DM

bet ween about 2. 0 one ag% @Q&u a?ﬁé@%ﬁ%%@éagky @hween about 3.0 to
oul

about 6.0). The po yief s resent I clent amounts (i.
effective amounts) to In a redate %nbetFBPe&ﬁf"GP&m Felatkes

preferably Ssﬁéthéhsawtre&dbﬂr% OoBP fle t Wil € ‘iﬁ%d&cts

Si | | f bet b 22 t
:agdl ![ i oﬁvfostﬁe pf%%fggE%Pgﬁnﬁ" £ ?\é)&l"%f'bﬁngnaeﬁé'&]neémb&’r?%% se a

"pol yner of tie {suthr asl a:.HsB[lerﬁqel\]l amkrrubdricating oil) a

Oferr]S <CH[erflé&gﬁsls&lﬁna%ﬂaﬁrang a BOfymeERo2s LHE edathfove, and a

s between 4-10 8067
PCT/ US97/ 05150 MDxD'pPéfz@r 4pBydseckdded ahovehard/ 9ﬁef-°§miélad be

present in suffiouepima(@sndésépibeduadorvedr rig: cafmounts Pet £ ebesepAuCt S,
and preferably pres n abqu

t 4 I b
conpri sed of F?ﬁg%?alf‘flngl ofeths ﬁﬁﬁﬁom‘gr F&E?](%%[ grersﬁqc\’? eg

formula M D[:EBr] l\&bove) al one, or can conprise mxtures of bot h.

In a rel ated enbodi Meng e tlge "f‘(x‘i'%tﬂe‘iﬁ c;ﬁ@i@sof ther?§g§E dg_nq;er{@g&ql ng

f oami ng of petrol eum products ds_co Ing to
pet r ol eum pr oductt@oproviden labricatdng Ril def ?EBFFEaFPﬁS%l 1) a

conmposi tion conpraembfisératley &Ry aQ:fceI;hﬁﬁW igh rateMofedeh@ratiidd [err] M
(as described abo&‘ﬁ& an /or f%%n‘li':'l %mbod:.ment the invention
20 contemplates a class of organosilicone copolymers
which may be used to defocam lubricating oil. These
copolymers can comprise a polymer of the formula
MD,D’,D" .M (as described above) and/or formula M’D,M’
{as described above), and should be present in
25 sufficient amounts to effect defoaming of lubricating
oils, preferably below 100 ppm,' and more preferably
between 20 and 50 ppm. The defoaming agents can be
comprised of polymers of either formula MDD’ ,D".M ox
formula M’D,M’ alone, or can comprise'mixtures of
30 both.

In a related embodimerit, the invention relates
to methods of defoaming lubricating oil. The methods
comprise adding to lubricating oil a composition
comprising a polymer of the formula MD,D’,D".M (as

35 described above) or formula M’DM’ (as described
above), in amounts sufficient to effect defoaming of
lubricating oil, preferably between 20 and 50 ppm.

It is a further object of the present invention
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MDlerr]M (as described above), in anmpbunts effective to reduce

foam ng of . the petrol eum product (as described 15 above) . It is
a further ect of the present invention to provide lubricatin 0| I
def oamer s wh dermnstrate an acceptably high rate of deRETHAS?

Thus, in anothr odi nen hel. venti es_a cl ass of

or ganosi | i cone% %ﬂ‘ﬁﬁﬁﬁ ¢tu evx'm'g d 9’5&%3?&? 8:3"%1‘ ¢35 FR&ting oil.
These copalfy:mde:snrxhas:iorpsebhepel inethef adte f Fhme a in

I\/D[err]D[err]gg[& érl?o be b § grr]M

(as described a ovrg o %ﬁﬁﬁt gh?egéﬁ%ntiﬁ%p cddt é%%éeén%)[ arants to
ef fect def oani f3a8E [AfraxAnPRil cone| F?P%W&MW%IWW@ Beerd and
nore prefegabl Yo dembi®encAaandidl pmﬁes’éhedﬁﬂ ) cgent s can be

conpri sed of polyners of elt er for L err ifor 13&;{ {ﬁM or

formula M D[ er THEh&e RY %'ﬁﬁr g; ﬁg Pe 6#

In a rel at ed erdiesdinided abmrehvmd/on formude M’D,Mf o (ast dedcxifbetkf oani ng
lubri cating oi by, OUA ”Pér{}i)%oul ﬂpftessﬂedggp%m% N%[tgdéaémf@?r%,[e”] "

conposition rlsmg a oyrrer 0 e err]D
(as 35 deschl?ed’ yaswuk i Fieat ke ef Frnde; oide Ruafnxa above),
i n amount gosuf breisiit tat eldaet sleﬁp.am nghef demul sli\fiyfiineAtddeh E%'can

B:g‘;g:‘?b! %vte)ﬁt \ﬁeeréo%n%raiseé oP polymers of eiEher gfrlé{utlhermﬂ)wgﬁgfsggs

PCT/ US97/ 051500r formuladdV/dl.bf @lede 0idr deam| cpfpriset maxtadesessE t he
af ore-descri begdpioblens in the art. Thus, in anot her enbodi nent, the
i nvention contenpl ates a cl ass of or ganosj | i gone caopol yners whi ch may

be used 5 to demfsi¥ yrekakrA #MoodiMeBE (5B JRYVERTIGD Telates
15 to methods of demulsifying crude oil. The methods

comprise adding to crude oil a composition comprising

a polymer of the formula MDD’ ,D".M (as described

above) or formula M’DM’ (as described above}, in

amounts sufficient to effect demulsification of crude
20 0il, preferably between about 5 ppm.

Many of the copolymers of this invention are
themselves novel compounds, irrespective of their
suitability as a defoamer of diesel fuel or
lubricating oil. This is especially the case where

25 the R group is an alkoxylated allyl scrbitol
derivative, an alkoxylated pentaerythiol derivative,
and an alkoxylated or non-alkoxylated
trimethylpropane derivative.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

30 The copolymer compositions of the invention
include low molecular weight organic-moieties of R
described above. The hydroxy groups of these organic
sidechains effect a high polarity. In some specific
cases the polarity of a molecule containing two or

35 more hydroxyls can be. adjustéd (i.e., reduced) via
transformation of a polyhydroxy group into a
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conprise a poly e formula MDJerr]D [err]D'[err]M (as descri bed
above) and/ or f%ﬁ%ﬂoﬁq err]M (as described above), and shotlHSHE05150

present in SUffiCiéﬁ%xéﬁEEﬂﬁgn acet@efd£6le fulsification of crude oi
t a ogt § ppm ﬁhe

preferably 10 present 18 e denul sifying agents can
be conprised of pol ymerEhef PEREREL 10 ARG NopdreopolymekDaldawsM for aor

formula MO err] Misofgeat! rade Somdiese1r fddl €8n8f this MMdesponds to
In a rel ated enbodi nent ;ﬁe |n¥ent|or1 rel.ates t o net hods ofp

5
demul si fyi ng crude® ofF=Y TRE RALASER eve%o’ﬁbr%‘é%laéﬁi'ﬁg'téscrlwé4ﬁ|°a5
conposi tion cénprigpmb. Thusa,poheneanofexpgert arhel cokbiete] BlistiddEiew ] M
(as descri bed V, I r{. ( d Lbed above i
amount s suf fici entoz'?gge e%f'a g%u s?ﬁwggtle'}ognrlo fc"?% esgéﬁh‘eg‘isl prﬁ‘s&‘&%‘gl y
between about 5 ppt defoamers guiFestlghdrcopas ymMoreovelsthevention are
t hensel ves novel Qﬂﬂﬂgyﬁﬂérsl6E€§ﬁ§Cb&g§éﬂftfﬁ»éntion_aghbﬁghklE%iﬁ%é?
def oaner of diesel g#ﬁ%}o . Iubrbc tkg?éail. Jhis is egpechI y
case where 25 tH¥ b%% 18 diese o%ﬁ SHeiR ¥atert ép dispersed
derivative, a0 al kxydbssolpedtaerythiol derivative, and -an
al koxyl at ed or non-al koyyl at g ri derivative.
DETAI LED DESCRI PTI ON OF THE; pﬁgﬁﬁﬁeFNb?&?&%@f?t fn‘fﬁEE&8BoP§ﬁePade
conposi ti ons of tfﬂpﬁﬁﬁk%ﬁiéﬁ the cpgepfgdnmwithe ulow melghtlargani c
moiettes of R ., VOB hesmphovs. high Bula®iey0iOipanpl PEABLCLARY & .
si dechai ns effect exiﬁch $a%ar*£é. Inngﬁge specific cases fhe pol arity -
of a nol ecul e contHFr M TYPE WIRGFC9Be - ution ¢f tReuereandic e.
reduced) vials grcups cswxprbaingly ﬁmbybw@motmqydnﬁbAmiﬁgaabi1itg of
6 VI)97/38Q§@ copolymer because it enhances defoagggéusg7/0 ;50
efficiency_and helps to maintain the performance
characteristics of the copolymers in diesel fuel
wherein water is dispersed or dissolved, and because
20 it allows the complete elimination of foam at low
silicon concentration.

In addition, the invention provides an entirely
new structure for lubricating oil defoamer effective
at concentrations 100 ppm or -less, and preferably 50

25 ppm or less. _ '

In addition, the invention provides an entirely
new structure for a crude oil demulsifier, which is
advantageous over previous known demulsifiers in that
it is effective at very low amounts, such as 10 rpm,

30 whereas the previous known demulsifiers are only
effective when pPresent in amounts of about 100 ppm.

Structure of the copolymer
For the defoaming agents the class of
organosilicone copolymers of the present invention is
35 characterized by a cémbination of high molar fraction
of D units and the presence of low molecular weight,
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correspondi ng acetal or ketal. The presently described copol yner
allows for a low treat rate in diesel fuel and this corresponds to

a very lowsilicon level in fuel (e.g., as lowas 0.5 5 ppm._Thus, one
can expect WRIVHWET ete el inination or a substanti al redt!’WB?‘SPhe
‘probl ens presented def oaners cur I n,us Mor eover, the

copol yners of ?ﬂ‘@pﬁFESeﬁl’:\é Nk %%n%f}el?i%gepﬂ}aﬁgty ility in

di esel fuel whadevantageeus pmipsxirioes 4D the investiod may be The
advantages of {861 RLRICRY WY BE18BEEon of ROSEIBMANGY he

cografting of t ow nofecul ar we olarity organic
groups onto a backbene; of,&hexdarml ﬁﬁggkugsﬂﬁtﬁﬁééﬂrog°F§H 18 gani ¢ 15

groups surgri smnglw'ﬂ@éoaeﬁcrhbeaeammg &hlﬂhdugmfllnearthe copol ymer
because it enhances def oani_ng @Ealn t he

per f or mance rBﬁ&Pﬁ@Peﬁ%ﬁw%ﬁ?%ﬁfi?ﬁe tﬁgggp F%ge 05
wher ei n wat er invdnsnemsadam'amnnﬁun&ﬂneaﬂn @e@aﬂsstZOCturBSalloms t he

conpl ete elim natiog Q-B(I o%a rowrn{éfeié&cular SheiSRE S2NERB! pBlLy@iloxane

In addition, the inven an entire new structure for

| ubri cati ng oi geBeraddar d@leﬁeé"tqtvé‘lter the BR %%?FaPFBHErEGGSpph‘Er | ess,
and prefer@bl yrafhé® themuppereddimit of x+y+k nigddetéegmninktde bynedid i on

provides an entire ew str. d I I fier, which
i s advant 2§& “18ﬁéc%;w§ﬂ3ﬂ§gi$g§;g %Ig?gy vgggghi it is
effective at ven&1boneahm¢nm§e5nﬁnﬂeﬁhqiﬂQmmx mgleqhbaﬁayeigbtpreV|ous

known demul sifygp3eas dey bfy che'£6d I iaitnpn BhESSEE bEzgEOUNS of about
100 ppm tructure e def oam ng

Qpo For th
agents the cl aSpgiymers GPGH %ﬁ#&ﬁ@%ﬁ%fy%%@éfb?dtﬁ§°HP§s@ﬁW'|nventlon
is 35 cimracéatubecéohe a:dgmi;nms oo diavé gito mbdi £iedcgronps, of D

gnlts and the presence Al Il UL UE rdfiPling material can be

non-modified silicone oil which is either inert or

may enhance foaming. The present invention prefers:
the sum of x+y+z to be betweén about 10 toc about 200,

20 but someone skilled in this art would appreciate that
improvements in production ability would allow for
use copolymers outside of this range.

The physical properties of polysiloxane
copolymer compositions of the invention are

25 determined by variables such as the size of siloxane
chain, the degree of substitution with organic groups
different than methyl and the nature (polarity) of
organic moiety replacing an original methyl group in
polysiloxane.

30 The organic groups (R) contemplated by the
invention are mainly aliphatic, low molecular weight
diols. The organic group preferably has a molecular
weight between about 134 and about 644, and
preferably between about 134 and about 400. In

35 addition, the organic group is completely saturated.
Before grafting, the organic group R bears an
unsaturated terminus such as an allyl, methallyl or a
vinyl. For example, the terminus can be an allyl, a



WD 97/ 38067 PCT/ US97/ 05150  pcr/use7/siso

conpact, organic 8?3’360567& hi gh polarity. The advant ageous properties
of the invention ng i.e 0 | oxane
backbone of the fof tﬁ%l@gﬁe%ﬁﬁ\[‘&r% [efﬁfl\ilg%aﬁﬁ&%ggrhnge%%‘%
MDerrlM, as desbechm¢salmafairatad #hgh Fhacarganic greypt dfes are

speci fical Iy set fgayhbdaaneived idito theléwpekaﬁa Bh&kb@ﬁ&terrmrmses thand Q

structures. Varyi ng t.he nol ecul a:[ gg g Si | oxane
general |y does not r&PPé'Flt“ﬁe SHoSKAe FEREYTEE, ﬁﬁt nfouns gf‘% I upper
limt of x+y+zsis deter mheedbdganite grouptgraﬁbédgonapodmsaﬂpbqaqe taasn doel| e

very Viscous B R 1 = R S T T

limt is set byth"‘fs nsrraler SIze
di stribution of noai thexmpdymamimymessure ;and sarrénéésér:éﬁrer &% soheeion

nodi fied groups, gqpdiiere s%fdﬁﬁltié? ﬁéra:hetéegubhhn%err&h%ua.la&é&l £Fom
non-nmodi fied silicone ol which Is ei

| ner i nhanc<—:l-_b1Eq
f oanmi ng. The prese#ﬂmé’rﬁm(ﬁﬁ'pre?fer’ss gene:pp, lguPrFSPP%g? hexn
about 10 to apput ?;QQueZQJf suliulsidiEy epakameedri fotrhas calrta\dmldi:mpound

appreci ate that Fross q‘g]d?’l}ftﬁrh%f’é’ﬂ& 881%?%%&"‘@ n@é’é%&x?&

use copol ynmers out §° range Si cal properties” of
pol ysi | oxane topeiversr adrighinelaciby daes; ﬁ?énﬂﬁ@ﬁsélaé'léw mean a

determ ned by vari gt it WLl Mavé 201 8h ﬁyh% nshcltych@v@n towtagr ee
of substitution with organi OJCJ) % ei Ethan ﬁy dthe
nature (polarity) &he °°n‘6"’r-‘b%n reg sy rBpeRLYn y&ﬁbgpméll aFUPRERACSST oup
in. pol ysiboxamave3hiigh pola'ﬂ"ﬂ:}or gmusgrampylpa)amanuemhmndréy t he
i nvention are mainly aliphati I g
organi c group pref e()r’i1 e&’P tcdr “E?igfuﬂ‘é{re"‘ﬁ E%hbgf\%/ggﬁgggout@eﬁ and
about 644, and 1@%1@@11 b%ﬂ‘&@én about 134 and about 400. In

Table 1 below provides several solubility

parameters.
20 Iable 1

trimethyloclpropane monoallyl ether 25.3

ethoﬁcylated pentaerythritocl allyl ether 25.3:

propoxylated pentaerythritol allyl ether 23.6
25

tri-isopropanolamine allyl ether 20.3

glycerol monoallyl ether 27.1

Preferred solubility parameters range between
30 23 to 35.
For comparison, the adduct of seven moles of

9 -




35 addition, the organic group is conpletely saturated. Bef or e

grafting, the organic group R bears an unsaturated term nus such as an
allyl, methal [, a vinyl. For exanple, the termnus c
allyl, a Wo $rasdéy 8 VO 97/ 3806%39%5‘5"

PCT/ US97/ 0515Q net hal Lyl ,or .a _vi nyl. . The unsaturated.terninus
becones satura'f‘%‘élh%eﬁa?ﬁsdofﬁ&xil@n&r Oddi}‘}% on Qi%#o@#'?g%’g _ % & he
si | oxane backbeeltubihity phAyametexcaf tithg whibkemncepbyiepe ieatide

unsaturation. gnjt has ah8oR0BANLE WP Ed: &l Ofo pel ysi | oxane can be
described in terns of solubility paraneter [ a thernodynam c

p , ich is _
nmeasure and is indi%%?iQEQGPleoHE?Pa1°°nteqéi%ﬁgﬁ HERBREACY paraneters
can be calzul apslyhy@soxy griape) tddias alkoxylaeedrdékyvacdepiseds hat a

hi gher 10  val ue, of | upi it aramneter_.f or certain c ound
corresponds\M??F%?ﬂ?gggrngIgyFﬁ QﬂaQ€%ﬂlé;ﬁékﬁﬁké§'En 8Iq-gwever, a hi gh
pol arity does reactbensefr Epymaddehyde and pelyhydroxy| shegdes gh

hydr ophi li ci ty(esueR1EN0USRe Ferabiie Y PriboriSads USE BhahkY ghwdipphi lic
substances 15 ‘fﬁéeelﬁ? olart: ge Thus?falkyl henol de?iva ifﬁ&p

(eugenol , for'%&aﬁﬁi@?tﬁ§98g§%%béﬁepGFEHQA}Xine - HOVRYBRuLIthS n
ggter- 10 preaﬁ?berlobethw Rrgwuﬁpsdﬁhﬂhgﬂeﬁh&x&ﬂatéﬁ parﬁrefers.
et her ZSP%ntaeryth’é%ﬁSi;Bgﬁ'gé baetn e&érﬁﬁﬁ’yi%?éﬁpg?ﬁegongg 3y
pentaerythritol allyl ether, tri-isopropanolamine
allyl ether, or allylpropanediol 1,3. Diols can be
transformed into corresponding cyclic formals via

15 reaction of polyhydroxy compounds with formaldehyde,
and the resulting cyclic olefins can be grafted onto
the siloxane backbone. Compounds suitable for use as
the R group are commercially available from, for
instance, Perstorp AB of Sweden.

20 As someone skilled in the art would appreciate,
the R group should be chosen so that the resulting
organosilicone copolymer is insoluble in both diesel
and water. Thus, the selection of the R group must
be balanced against the size of the siloxane backbone

25 to achieve the desired hydrophobic/hydrophilic

balance. . ) .
For example, by varying the total size of the
organosilicones, i.e., x+y+z, the ratio of siloxane

groups, i.e., x/{y+z), and the nature of the grafted
30 groups, R, one may design a copolymer for particular
grades of fuels, particular engine systems and
particular conditions of use. The ratio x/(y+z)
defines the hydrophilic properties of the copolymer
. made of a given set of grafted groups and may be
35 adjusted according to the water content of the fuel
‘with which the copolymer is to be used.
For example, a small R group contemplated by
this invention is an allylpropanediol 1,3, whereas a

10



propoxyl at ed pe‘glvtoaelr ritol allyl ether 23.6 25 tri-isoprop3alGéhRSiso

allyl ether 3 glycerol nonoal | yl et her

27.1 oL t 4 RBLPTRERES nANAe REINPES130 Mad t O
35. For %%§{ on, ég%u%% o%9seven nD @Q. &§§
9 WO 97/ggo@he organoszllcones of  this 1nventlon X%/ US97/ 05150

‘methyl capped et hyhgRgsevele :%V@ildémgbﬁﬁasl bapeauan}sqm@réltne R
paraneter of 18.2 while an %#Héque éﬁ h s a solubility
‘paraneter of 19 2group is e L g1xbp886 P§ﬁ§1ates aliphatic 5

pol thydrox%/alggotj)gsaI ;Qe&u{ edpecda Bl dordeferaedvBsgaoup ispti ogal ly thg y
cyclic ace qﬁﬁﬁq&

sge0|es (for F&pé¥§§%5#§ﬁﬁ anéeﬁgﬁéggﬁ?go%eh%qihe évl p8£ﬁﬁ¥ L
tri met hyl ol pr opang@nesirsaluse £k hven t%mwntf—ﬁe wclpada;lﬁfslb?xxiaﬁﬁé R '
group can be etho Rkythrest ag1 W irétREéxa! b!‘bp%t:diﬂ.ratéﬂ opoxyl ated

T T'v1 pr opanedi ol ety AR EPRORLET B s el clhe iy

cyclic fornmahs vi allyl gttt amdfaPbyypydpangddoelpaydds WMPMAE and

formal dehyde, ;AN Gd NG eSS | PFYELT fioBlChLOE A U A7 AL{ePngR! ©
polyether derivatives for the same siloxane backbone,
in spite of the fact that TMPMAE has a higher
polarity. This is believed to be due to the compact

15 molecular structure of TMPMAE.

For example, in a preferred composition for both
a defoaming agent and a crude oil demulsifier x is
100, y is 24, z is 0, and R is TMPMAE. Similarly, in
another preferred composition R is TMPMAE and a is

20 about 7.0. The unique structure of these preferred
compositions is particularly advantageous in that the
adsorption of the composition is enhanced on
different types of surfaces. In addition, some -
mineral surfaces, such as bentonite, and other

25 surfaces, such as fabric, paper and concrete, may be
rendered hydrophobic through the adsorption of these
compositions. The adsorption of this preferred
composition on a glass plate resulted in a
substantial reduction of surface energy of glass.. In

30 fact, it is estimated that surface tension of the
glass was reduced from about 72 dynes/cm to about 30
dynes/cm.  Such a high surface activity of
compositions of this invention may explain their
efficiency in defoaming and demulsification.

35 However, the extremely low concentrations of
organosilicones of the invention does not easily
permit an investigation of the details of the
mechanism of action. The observations related. to the

11




t he sil oxane backbone. Conpounds suitable for use as the R group are
comercially avail able from for I nstance, Perstorp AB of Sweden.

As soneone skilled in the art would appreciate, the R gr

chosen so tWR97388% esul ting or ganosi | i cone copol yNer | s%ﬁé@wﬁ?g‘ﬂ
bot h di esel - er , t 8 be
bal anced agai na&s?%té\@}x °8f Lt H3%|%€%%§ acggoﬁe ggs%%zcaéc e e t he

desi red hydr optebng/hgeadpell te® phengmgnacehich occur impea Susbler by
v?ryl In@l the tdpkgéi 8€10ankNGhich ﬁam%tetsﬁoeesamceeftﬁyﬂ %Pedrgg io
of sil oxane an e re o e grafte
groups, R (NK?Q&ékﬁggFSHiarb&ﬂﬁ%ﬁ%ﬁg#%ﬂsﬁ%?t+EE ?aces grades of fuels,

particul ar engi ne systenms and - particul ar conditions of use. The ratio

x/ (y+z) %#Qf #pgﬁthr%%@ldé?é%gﬁ%%éles-Of t he copol yner made

of a glven set groups an adj usted according to the
wat er content of thﬁetheﬂs for m&hmm@rpt%feemryﬁsem% BRcbhe used.

For exanpl e, aa&telkiRigkoupen®s v girtsvdYin thet Hirg. In\r-%&tlon is an

al Iyl propanedi ol 1,3, wherea WO
97/%8867p instance, % SPatent No. 3, 794PE§?U§§?F5§§5@°W t°|arge R
group i s an etk | abpolghey csmﬁm&xﬂlonAMny of the organ05|llcones

of -this I vention I th
R gr Otrjbp s et hgé(gq/raf!gd Qﬁ sor bémvﬁ ﬁg@@ggﬂsad@gm%q# y pr e1[ gr r eg
R group is ad«iranephyam:pﬁ:@pm%damutléeh§¢a$¢ﬁ/pm5)are

glrf)ulos ;Jﬁeful m{kéaeth%aghb% it uteacet foxy | asexuvem:s Relgn e hri tol
al lyl ether

tri-isopr opano‘l"lg Oélei’%%p°5ﬁlsyllr&qﬁ"§er%% g(h@ral l %SH F‘élycfls) TMPMAE and

its derivativesoluenedandoaays athere seivent yof hwhich has suitable
15 - solubility characteristics, such as 2-ethyl hexanol,
. isopropanol, various aromatic solvents such as
Solwesso 150, aliphatic ester alcohols such as
Texanol (2,2,4-trimethyl-1,3-pentanediol
monoisobutyrate);‘iéophorone, mixtures of same, and
20 the like. With the copolymers of the invention, it
is not necessary 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
25 optionally be removed. Non-volatile solvents or
those of a high flash point (e.g., DPG and
éthylhexanol) do not pose the same safety problems,
and there is no need to remove them.
Some of the compositions of the invention (such
30 as the pfeferred composition) are hydrophobkic and
will preéipitate as a white gel when introduced into

water.

Use of the copolymers
For defoamers, the modified polysiloxane is
35 typically blended with DAP (which is commercially
available), and added to the petrocleum product at a

12



pol yet her d s for the sanme sil oxane backbone, e
fact that TW%? a hi gher polarity. This is beli eved ?o bgg%)%'tspo
the conpact 15.efphe¢y.ar Fdxr ‘&Mﬁsﬂflé_ﬁ@'\m@he polysiloXeexample, in a
‘preferred conmposition for, both ent and a crude qil

denul sifier x $epPolymerpds 351’15§°2]4ve€ +§ Bn g“ﬁ i ARG (BRgr |y, in
anot her prefergpéncaddes ticortte icruddMAELand a is 20 about 7.0. The

uni que structure of ?hhegeélg;segfl%déor t°%%°f'?ﬂ?%§ toforlﬁ'zé sup@éﬁtfg}aarl y

advant ageous in tha conposi tTon TS énhanced on
di fferent %ypeshofildubkaadsied mtacﬁbmilbns pprmeto thenidigsel sfuelces, such

as bentonite, f+25 Wi eh SamSUap 8¢ WG 1d3afid and concrete,
may be renggrgggﬁ 32 |clth 'g:ég t he adg%%otl on of these
f

conposi ti ons. CFﬁE°&U§’GFpt1|sor‘Fs(ﬁd ta}ﬂ Brefgrred rangn % idddbhiang ass
plate resul tedlgnae 2 pprs e taipnel rﬁducpcmysaﬂmﬁe@a:ﬁrawy of gl ass.

In 30 fact, [ Si f the | ass S
reduced from abBﬁFnF °8y%2‘§’)“§1#?° ‘g%? Sﬁt ‘883 H& ) BR™ SR 1R ‘Fﬁ'gﬁwa
surface areivippmoto thecmmmﬂatpxiutqﬁpravsdenadnguatengepaxﬂzdontheir
efficiency in def pagl Reuded Aamisd fwLedi OBonganttovever, the extrenely | ow

concentrations of organosi|licones of the invention does not easily
pernmt an investigation of the details of the nechanlsn1of action. The
observations rehataétefiitdcs of the copolymer : WO

97/ 38067 . 897/0
adsorption on soli dTEEr Fgg‘é’?%ybgi%ﬁ%fﬂtar'gﬂfggu ar H&ﬁ?g‘%par allel to
phenonena whi cistrdbutioa famd smrface ctemision| redociicrh aaree rel ated to

discrete 35 |ghfETRheCphapertidPdLAF1 Ol REBEERCRRe compositions
of the invention.

Table 2 reveals the solubility pattern of one of
organosilicones of the invention made from MD100D'24M
silicone hydride (D° = HSiOCH,) and TMPMAE as a sole

20 substituent. -
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5 Manufacture of the copolyners

Met hods for naking the defoaner

agents and denul sifier -agents are known in the art. For "I nstance,
U. S. Patent 4,693 teaches how to make copol yner c '2'

10 HH§W% ufacture, it is often advantageous to %Qg@@b‘hgﬂﬁ
solvent to ensure that the reactants are well m xed t hroughout the
reaction. Solvents used for t hese purposes include DPG (di propyl ene
gl ycol), t ol uene and any ot her solvent of which has suitable 15
solubility characteristics, such as 2-ethyl hexanol, i sopr opanol ,

various aromati ¢ sol vents such as

Sol wesso 150, aliphatic ester

al cohol s such as Texanol (2,2, 4-trinethyl -1, 3- pent anedi ol
‘monoi sobutyrate), tsophorone, mxtures of sanme, and 20 the like. Wth

't he copol yners of the invention,

it

is not necessary to renove the

'solvent in or t hat t he copol yners be effective as defoaners.
‘However, r the sake of safe transportation, volatile sol vent s
'such as tolue and isopropanol can 25 optionally be renoved.
‘Non-vol atil e sﬁ vents or . those of a high flash point (e.g., DPG and
‘et hyl hexanol ) not pose dhe game safety problensg and there is no
‘need to renovegt hem 2 BSo tshe é‘bm?bsi%i ons of the invention
‘(such 30 as e preferred conposition) are hydrophobic and will
precipitate as white gel when introduced into wat er . ' Use of
't he copol yner s For defoaners, the nodified polysiloxane is 35
typically bl enged with DAP,,(Wnbchmi S &onger%l aIJ y avai l able), and
‘added to the rol eum proguct:z atgh 12
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reflnery.Iﬂyo%ﬂm@f5|flers t he pol ysil oxane copol yner %%}“Q?Wﬁﬁﬂ I n
an aromatic compound, and - then added to the crude oil. . The

pol ysi | oxane COpO'?ﬂﬁ%SfBiIBQ !Qﬂqdy}aéivefaﬁH”éb n?gg geat about 5

-ppmto the diesel ferably, a m ni num ano o ponS|onane
copol ymer is lé%?éinﬁi’@st&éséwbér Egd ARG AflAdPn in mbgeat 2 ppmto 4

ppm The pol ysil oxanes of the i nvention shoul d be added at about 10
‘ppm t o about el pprHbdwetrbe, cthey airle piprimtelsdedetpal émiepahat i on
of the crude oil and water content. Characteristics of the copol yner

The sol ubi | it wqupe evh, thel specafiwaitdlor and thisstelaimson and surface
tensi on reduction are 15 physi cal properties useful to assess the

conposi tions of the invention. Table 2 reveals the
solubility pattern of one of organosilicones of the invention nade
f r om MDLOGD* 24M silicone hydrid PLE§iSi OCH[ err]) and TMPMAE as a

sole 20 substi tuent.

Organosilicone examples

Example 1
The equilibrate.MD100D'24‘M (D' = HSiOCH,),
containing 2.5%10*(~-3) mole of active hydrogen per
10 gram was blended with TMPMAE and dipropyleneglycol
which constituted 50 % of the total charge. A 30 %
molar excess of allYl_bond waslemployéd. Reaction
was catalyséd with 15 ppm of plétinum added as a
solution of chloroplatinic acid. An exotherm of 15
15 deg. was produced and reaction came to completion
Qithin 45 minutes.
The product was applied as a diesel fuel
defoamer at the concentration equivalent to 1.1 ppm
of silicon. The antifoam properties were recorded.

20 In practical terms there was no foam formation.
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Example 2 |

An equilibfate‘MD44D'11M-of an active hydrogen
content 2.5 mmoles per gram was blended with TMPMAE
and dipropylene glycol and reaction was triggered
with 15 ppm of platinum at 70 deg.C. An exotherm
about 15 deg was developed within several minutes and
reaction was completed within less than 45 minutes.

The product applied in diesel fuel ét a
concentration of 1.1 ppm of silicon exhibited
excellent performance characteristics as the initial
foam volume was reduced to about 20 % and the defoam

time was about 10 % of the blank (standard).

Example 3 o

An eqﬁilibrate'MDloorP24M of an active hydrogen
content 2.5 mmoles per gram was blended with TMPMAE
and polyether composed of seven_moies of ethylene
oxide and terminated with methyl group (60/40 molar)
and DPG as a reaction solvent. The reaction was
triggered with 15 ppm of éiétinum at 70 deg.C. - An
exotherm about 15 deg was developed within several
minutes and reaction was completed within_less than
45 minutes. | |

The product of reaction was applied as a
defoamer in one of diesels available on the French
market. The product exhibited defoaming
Eharacteristics similar to that of Example 1. Both
products appiied at the concentration 0.50 ppm of Si

16
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éliminated virtually all foaming as the volume of
foam was below 5% and the defoam time was between 1

and 4 seconds.

Example 4

5 An equilibrate MD100D‘'24M of an active hydrogen
content 2.5 mmoles per gram ﬁas blended with TMPMAE
and polyether composed of seven moles of ethylene
oxide and terminated with methyl group'(so/so molar)
and 2-ethylhexancl as a reaction solvent. The

10 reaction was triggerea with 15 ppm of platinum at 70

| deg.C. An exotherm about 15 deg was developed within
several minutes and reaction was completed within
less than 45 minutés.
The product of reaction was applied as a

15 defoamer in one of diesels available on the French
market. The product exhibited defoaming
characteristics similar ﬁo that of Example 1. Both
products applied at the concentration 0.50 ppm of Si
eliminated virtually all foaming as the volume of

20 foam was below 5% and the defoam time was between 1

and 4 seconds.

Comparative Example (DE 4032006)
The equilibrate as described in example 2 was
diluted with dioxane and an adequate amount of 1,4
25 butyn-2 diol was added. Reaction was catalysed with

a catalyst as described in the German patent (DE

17
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The following illustrative and conparative exanpl es describe the
I nst ant épyﬁi%&on in nore detail. However, they are not intended to
limt t scope of the specification and the ciai ns. PCT/USE/05150

Efq(ﬁ:vrlLErSat 9339085 h o %Lp%%@@ﬁ{egrﬂﬁ and an gkkaaP lr??”‘r%‘;mz"%‘* 107(- 3) The

nol e of aglid/HUAHRIE] Wete hRededNtWiSchthsTded whihyr
di propyl enegl ycol |gh constituted gg % of the tofgﬁﬁnﬂarge A 30 @6

nmol ar excess ofphd | ydmdopdriosmanideo\asl. fheagkample 1 walils catal ysed Wlth
15 ppm of pl.ati num added as a
achieved at about a forty percent higher silicon

5 concentration in diesel.

In all preparations a 30 % molar excess of

unsaturated bond was employed.

Diesel antifoam performances
The performance of diesel aéfoamer is assessed
i0 in terms of either the foam wvolume obtained by
injecting 100 cc of fuel to the graduated cylinder or
by time needed to achieve clean fuel surface in the
cylinder. The tiﬁe of defoaming is often expressed -
as a percent of time needed for a blank, untreated
15 sample of fuel. In this case, lower values indicate
faster foam céllapse and more efficient defoamer.

The amount of silicon introduced into fuel
should be as low.as possible.and usually the
efficiency of a defoamer increases with the increased

20 amount of silicon in fuel. Diesel fuels are very
often treated with DAP additives which are introduced
intoc fuel to improve the performance of the engine.
Iﬁ is therefore important that the defoamer applied
should maintain its performance characteristics in

25 the presence of DAP. '

Table 3 records data related to several examples

18



sol ution of chl
and reaction ca
product was appli
equivalent to 1.1
recorded. 20 In

c acid. An exothermof 15 15 deg. was produce
%gﬁﬁ%ﬁpl etion Wi t hi n 45 m nut es. PCT{{1597/05150

%‘% The? é%n?%fél;.#glcioﬁf J[-.ﬁe Q?%E‘%m pr%%chongis\mrat i on

gggﬁia@ic t@{IBst BEr & ‘é’%ﬁe”%xfa%{’@é Oé%bgnlB&H‘Sé@ﬁ 05150

15 - WD 97
Exanpl e 2 TMPMAE e Wi 1y Dy ayee VB4 DelNief S 264t Ve BYEEOGRR] s
content 2.5 mmol es per gram was bl ended wi fh TMPMAE and di propyl ene

gl ycol and reacti andvas dompmeseiive Bxampileh witip@noityhal namMidol’0 an
deg.C. An exotherm

5

10

example with polye;her as the grafted group is also
included. All organosiliéones are diluted with the
reaction solvent and were prepared according to
procedures described in Examples 1 to 3 above and
were applied at 10 ppm treat rate, irrespective of

the silicon content in the molecule.
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about 15 deg was devel oped within several mnutes and reacti on was

conpleted within |l ess than 45 m nutes. The product applied in

di esel fuel o concentration of 1.1 ppmof silicon exhibited 10
excel | ent perfornance characteristics as the initial - f oA RSOHEI s
reduced to abeut 20 % and the defoam time was about 10 % of the blank -
(standard). Exanple 3 An equili brate MD10OOD*24M of an
active hydrogen 15 content 2.5 mmol es per gram was bl ended w th TMPMAE
and pol yet her conmppsed of seven nol es of ethylene oxi de and

termnated with n®f hyl group (60/40 nol ar) and DPG as a reaction

sol vent. The_reactT} on was triggered wwth 15 ppmof platinumat 70
deg. C. An - efpt herm about” 15 deg was devel oped within several

m nut es and Meact+pn was conpleted within | ess than 45 m nut es.
The product reaftion was applied as a def oaner in one of diesels
avai |l abl e on, t he ench
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25 market. The product exhibited defoam ng . characteristics ghg%}sg.&oglgo

that of Exanpl SV@97B#A6[ products applied at the concentrati

ppm of Si . 16 WO 97/ 38067

PCT/ US97/ 05150 ?,feeq a ¢ iﬁgg\ B oaS s‘a*ﬁ vl yre; of
foam was bel ow 5% and e de oa\r{nlgt%#lrgdlv\%sé% 3 1 4 secoéﬁ)ds

Example 4 5 heawi lyqfiagming éim%EPEQﬁPSFnSn a&?ﬂ-ﬁtve?lﬁyd-‘r%géﬁ\ foam
content 2.5 mmol eg BRI 1902BNVasE Dl Rpeed wth theMAGfoam tiaiRd apyguet her

conposed of seven noles of et ene e and termnated with nethyl
‘group (50/50 nol afixty Sec«ﬂTHJBZ/' eﬁﬁmﬁb? igsﬁ P& BEESRTTANRS(WaShe 10
reaction was §ri ggeeegdeld £okb prliyethet aanducyalicl formalsdepbEtitinted
exot herm about 15 _d s dev S I

T BRIV AP ST D cyeyicSB6Ehdh Tnktielly UY

reaction was conpfa
diol reduced substant::.ally the overall polarity of

siloxane, for the same molar fraction of D units.
The use of an uncapped polyether from seven moles of

10 ethylene oxide reduced the molar fraction of D units
from about eighty to fifty percent. The use of
capped polyether instead of the uncapped one as
quoted in Table 3 results in the same mediocre
performance.

15 The adjustment of the treat rate to the same
silicon content modified the order of éfficiency of
the defoamer. SAG TP-325 (that is, the state-of-the-
art commercial diesel fuel defoamer; (made by WITCO
OrganoSilicone) was used as a reference at 10 ppm

20 treat rate, which this corresponds to 0.90 ppm of
silicon introduced into fuel. The same diesel from
SHELL was used and findings for different defoamers,
all at 0.90 ppm of silicon, are collected in Table 4.
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The product of reaction was applied as a 15 def oaner in one of diesels
avai l abl e on the French mar ket . The product exhi bited defoam ng
characteristics simlar to that of Exanple 1. Both products applied at
the conceMPPZMEA 0. 50 ppm of Si elininated virtual |y B¥VUPYAMMYy as

t he volune of 20 foam was bel ow 5% and the defoamtinme was between 1
and 4 seconds. Conpar ati ve Exanpl e (DE 4032006) The
equi librate as described in exanple 2 was diluted with di oxane and an -
adequat e anou Qe n- 2 diqB'mas added. Reaction was '
catal ysed wtl s descrigbed in the German patent (DE

r[,im S —— bbbl

a lcaf aljys

17 . _ g ¢ PCT/ US97/ 05150 -
4032006- A) . an extﬁa;catalyst and butyndi ol were

needed to co | S &
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foam volume (qc)

217
150
113
123

H and I are the same as in Table 3.)

It was apparent that the material G contaihing fesidual unsaturation was outperf

defoamers made with saturated olefins.

(References A, G,
same siloxane backbone.

Reference
TP-325

blank

5
10

N



The sane pevggggﬁb%goas for Exanple 1 was achi eved at abop&rlﬁﬁ;ﬁ(ﬁ )

percent high 5 concentration in diese

preparations a 30 % g0Lgh 81e8Sbe fdemonsemaé raeg bagd vas erpl oyed.

Di esel antifoam pertornpances ornance of di esel defoaner
is assessed :RFgavﬂs%EiﬁﬁnSfC@PFH&PHH&Eqﬂﬁﬂﬁ%ﬁﬂ@ﬁ%lo%ﬂﬁﬁﬁ@&ﬂ&}on'

i njecting 100 £ mbréusknbitibe goadwahredi@Htisdef BXP and iRy time needed
to achi eve cl ean ueI surfac | inder, The time of defoam ng
s often expr &%E nceaylzlngfgﬁP oE ARy eé%ﬁkpgo?génﬁlank unt r eat ed
15 sanpl®e of fuelTabla Bhshowasetriueteresalarss pevifcansnce, asfaster f oam
htrohced | niiofnyo1anEl ofCERATReses aecoanitls ITNEL Bhith U
efficiency of WWa@@FIVﬂEFH%es Where khe yv&lam kpr 2ohe Hn@unte of
silicon in fuedf fédmses &4Bh3 dkC1é8BYthan 105 cc (that is, from
about 100 cc to about 105 c¢c of fuel), this is
10 indicative of no essentially foaming, in practical
terms. In contrast, foam volumes exceeding 150 cc
indicates an unsatisfactory defoaming cﬁaracteristics
of the organosilicone defoamer. Stable performance
of a defoamer is particularly important where
15 formulated fuels are likely to be stored several
weeks. before their use. - Example G and G type
are organosilicones with residual unsaturation and
correspond to the desCription of the above
Comparative Example. The loss of the perforﬁance is
20 seen for G type derivatives. This degradation of
' performance is enhanced'by the presence of DAP.
The following foam volumes in Table 5 were found
for various fuel which were either untreated or
contained some DAP. The collapse time for the foam
25 volumes equal to or less than 105 cc is not
addressed, since there is essentially no foaming for
these values. |
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often treated with DAP additives which are introduced into fuel to

| nprove the perfornmance of the engine. It is therefore inportant that

t he def oamer }e_‘ g should maintain its performance characteristics
%’%2’3 w6l or Dap 7{0§150

in t he Table 3 records data rdl
several exanpl es 18 WO 97/ 38067
PCT/ US97/ 05150 of the conposition of the invention made with
al i phatic diols as a sole grafted groups including TMPMAE,
allylglycerol, cyclic derivatives of diols . and a conpargative exanpl e
with 2-butyn-1, 4_diol. An 5 exanpl e with polyether as tkt grafted
group is al so 8 included. Al organosilicones are dilut ecgvm'th t he
reaction solvent and were prepared according to procedur es descri bed
in Exanples 1 to 3'apove and ~ Were applied at 10 ppmtre.at rate,
irrespective of Y the silicorfcéntent in the nolecul e.
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19 WO 97/38067 PCT/US97/05150

Table 6 shows c¢lassification by moletular weight, and
Table 7 shows classification by performance (where
lower values indicate more efficient defoaming) for
TMPMAE derivatives. Tables 6 and 7 describe also the

5 total size of polysiloxane, the ratio of D/D’, and
the éctivity of product (degree of dilution).
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5 recorded for

si xty seconds.
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A dramatic | oss of .
pol yether and cyclic formals substituted

si |l oxanes. The use of a cyclic formal instead of di ol
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terms. In contrast, foam vol unes exceedi ng 150 cc i ndi cates an
unsati sfactory defoam ng characteristics of the organosilicone

def oaner. St abl e perfornmance of a defoaner is particularly inportant
where 183YOPE8T ated fuels are likely to be stored sever aPCT/USITRELS0s

before th are organosilicones with

[.L lse, ampl. .and_G_type
resi dual rs%‘f%r%{’}oﬁergﬁgsg‘glgagﬁppegﬁfﬁyfowrﬁ%s description of the above
Conpar at i ve Exa$everaXYhexperimentshaeps foamuiasd ¢st 20ithsaen for G type

derivati vesmydd e SofloBtadat b08iield Rﬁéﬁmexéélfﬁba”‘gﬁg by the
presence of DAP. . The follow ng foamyvolunes Tn Table 5 were found
for vari o@’?‘i@t%ﬂz%ﬂnv\ﬁf‘ewéFFﬁeF’a&nﬁ%@m%r‘io 20% ;apdathed sone DAP. -

The cal | apaudé N&if owas hegieatedStov Eoudr are @rlldio® IR than 105 cc is

not  addrRaged SlO58rLbERCwhReso RRN LAUdOLdI (A Ni LT these
The reference was an organic demulsifier from TROS
Company.

Figures are dollect..ed in Table 8.
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Table 6 shows classification by nolecular weight, and  Table 7 shows

.cl.assificat
efficient d

also the 5

10

15

20

25

30

35

b

§¥ erformance (where  |ower values indicate _npre
gg ‘WZ) f or TMPMAE derivatives. Tables 6 and PCIASOTOBIS0
total size of polysiloxane, the ratio of DD, and

All numbers are reported in millimeters of
separated water and this parallels the volume. The
total separation corresponds to ca. 42 mm reading.
Structures employed were made with TMPMAE, except RH-
265 and RH-275, and are described in previous Tables
of this report. .

RH-265 was made with MD44D°11M and polyether and
cffered very mediocre performance as diesel defoamer.
The low effectiveness of RH-275, made with TMPMAE
formal, is significant and parallels findings for
diesel defoamers. It appears that longer siloxane

. chains (Example 1 vs Example 2 in organosilicone

examples) speed up the separation. As persons
skilled in this art would appreciate, any general
statement should to be avoided due to variety of
crudes. _ .

The silicones listed were better than an organic
demulsifier at 10 ppm concentration, but even in the
best case (Example 1 in organosilicone examples) they
were outperformed by the TROS reference employed at
100 ppm. The increase of MD100OD’'24M concentration to
25 ppm did rnot accelerate the separation.

Lubricating 0il performance

Several experiments were carried out with a
typical lubricating oil as supplied by one of leading
o0il companies. The test consisted of passing
dispersed air at the rate of 200cc/min through 200c¢cc
of o0il during 5 minutes, recording the volume of
oil/gas and setting the air flow rate at 100cc/min
during the second part of measurements when the decay
of foam is recorded.

The virgin oil and that treated with a known industry

reference defoamer (available commercially under the
trade name "ELF") was tried as control. Figures are
collected in Table 9.
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the activity of product (degree of dilution).

WO 97/38067 PCT/US97/05150
. Table 9
Antifoam conc. initial volume volume volume
ppm foam . after after after
volume 1 min 2 min 3 min
cce cc cc . cc
none NA 400 260 220 205
control 200 200
5 ex. I 50 200
ex.A 50 200
ex.A 20 200

The total foam abatement was achieved at very low
concentration of organosilicones and the deareation

10 time is substantially reduced compared to neat
dimethylsiloxanes. Where the initial foam volume is
200 cc, this indicates the presence of essentially no
foam. Deaeratidn at 20 ppm corresponds to the
density with an organic reference employed at 200 ppm

15 (0;844). Thus, the compounds of the invention
provide rates of deaeration comparable to organic
defoamers, at low treat rates comparable to silicone
cil defoamers. .

While the invention has been described in detail
20 and with reference to spécific enibodiments thereof,
it will be.appﬁrent to those of ordinary skill in the
“art that various changes and modifications can be
made therein without departing from the spirit and
scope thereof.
25 The entire contents of all references mentioned
above are incorporated herein by reference.
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PCT/ US97/ 05 r§§u : \AD 97/ 38067 REPLACED _

PCT/ US97/ 05@9‘; J’Cr ude oil denul si fi catt+on pet “orrarees PCT’US9W al
-experi ments weggagah! ice@iMitrad th a crude from Trecate oilfield (North
of Italy). The concentration of water was adjusted to 20% and the 5
crude oil was agitated to forman enul sion. The vol une of separated

wat er was recorded Wi.t han Im:ganomé'dlﬂfiéﬁepeﬂ.sv%l‘l’%%a@ié U depg.sifier
from TROS &\Qgpggya defoaming agent or crude oil demulsifying
- agent, comprising a polymer of the formula MDD’ D" M,
5 where M is O Si(CH,),,
D is OSi(CH,},, _
D’is OSi{CH;)R, and R is a polyhydr:.c Ce~Co
organic group which is completely saturated
D" is 0Si(CH,;)R’, where R’ is a phenol
10 derivative or a long chain aliphatic group or
polyethers,
z is between 0 and 80,
X+y+2z is between 10-200,
x/z =2 1,
1s ' and x/(y+z) is between about 2.0 and about 10.0,

or formula M’DM’, '
where M’ is O sSi(CH,),R and R is a polyhydric
Ce- C“ organic group which has a molecular weight
between about 134 and about 644 and which is
20 completely saturated except for terminal
unsaturation,
D is a 0Si(CH,),,
and a is between 4-10,
or mixtures of formula MDD’ D".M and formula
25 M'DM’.

2. The organomodified polysiloxane according to
claim 1 wherein R is derived from trimethylolpropane
monoallyl ether, trimethylolpropane monoallyl éther,
ethoxylated pentaerythritol allyl ether formal,

30 propoxylated pentaerythritol allyl ether, tri-
isopropanolamine allyl ether, allylpropanediol 1,3,
alkoxylated allyl sorbitol, alkoxylated
pentaerythiocl, alkoxylated trimethylpropane, or non-
alkoxylated'trimethylpropane.
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3. The organomodified polysiloxane according to
claim 2 wherein R is derived from trimethylolpropane

monoallyl ether.

4. The organomodified polysiloxane according to
5 claim 1 wherein R’ is a long chain aliphatic group
having between 10 and 20 carbon atoms.

5. The organomodified polysiloxane according to
claim 1 wherein x+y+z is in the range of 20 to 160.

6. The organomodified polysiloxane according to
10 claim 1 wherein x/(y+z) is in the range of about 3.0
to 6.0.

7. The organomodified polysiloxane according to
claim 1 wherein a is in the range of 5 to 8.

8. The organomodified polysiloxane according to
15 claim 1 wherein x is 100, y is 24 and R is derived
from trimethylolpropane monoallyl ether.

9. The organomodified polysiloxane according to
claim 1 wherein R is derived from trimethylolpropane
monoallyl ether and a is 7.

20 10. The organomodified polysiloxane according
to claim 1 additionally comprising diesel fuel,
wherein the polymer of the formula MDD’ D" M is
present at about 1 to about 5 ppm.

11. The organomodified polysiloxane according
25 to claim 1 additionally comprising diesel fuel,
wherein the polymer of the formula M‘D,M’ is present
at about 4 ppm.

' 12. The orgarniomodified polysiloxane according
to claim 1 additionally comprising lubricating oil,

R ARY R Y0 oo
* C L L H *
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‘wherein the polymer is present at less than about 100
ppm.

13. The organomodified polysiloxane according
to claim 1 additionally comprising lubricating oil,
5 wherein the polymer is present at less than about 50
ppm.

14. The organomodified polysiloiane according
to claim 1 additionally comp:ising crude oil, wherein
the polymer is present at about 10 ppm.

10 15. The organomodified polysiloxane according
to claim 1 additionally comprising crude oil, wherein
the polymer is present at about 5 ppm.

16. The organomodified polysiloxane according
to claim 1 additionally comprising solvent.

15 ' 17. The organomodified polysiloxane according
"to claim 15, wherein the solvent is selected from the
group consisting of dipropyleneglycol, toluene, 2-
ethyl hexanol, isopropanol,'aliphatic ester alcohols,
isophorone, xylene, and mixtures thereof.

20 18. The organomodified polysiloxane according
to claim 1 additionally comprising DAP.

19. An organomodified polysiloxane comprising a
polymer of the formula
MD,D’ D" .M,
25 where M is O Si{CH,),,
D is OSi(CH,},,

' D’is 0Si(CH,)R, and R is derived from
alkoxylated allyl sorbitol, alkoxylated
pentaerythiol, alkoxylated trimethylpropane, or non-

30 alkoxylated trimethylpropane,
D" is OSi(CH;)R’, where R’ is a phenol
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polyethers, _
e e e o DO
. * c L M s *

Xx+y+2 is between 10-200,

5 x/z = 1,
and x/{(y+z) is between about 2.0 and about 10.0,

or formula M’'D,M’
" where M’ is O ¢Si(CH;),R, and R is selected from
the group comprising alkoxylated allyl sorbitol,

10 ~ alkoxylated pentaerythiol, alkoxylated
trimethylpropane, and non-alkoxylated
trimethylpropane,

' D is a 0Si(CH,).,
and a is between 4-10,

15 or mixtures of formula MDD’ ,D".M and formula

M’DM’ .

20. A method of reducing foaming of diesel fuel
or lubricating oil comprising adding to diesel fuel
or lubricating oil a sufficient amount of the

20 organomodified polysiloxane of claim 1.

21. The method according to claim 20 wherein x
is 100, vy is'24 and R is derived from
trimethylolpropane monoallyl ether.

22. The method according to claim 20 wherein R
25 is derived from trimethylolpropane monoallyl ether
and a is 7.

23. The method according to claim 20 wherein
the organomodified polysiloxane comprising the
polymer of the formula MD,.D‘,D",M is present in diesel

30 fuel in an amount of about 1 to about 5 ppm.

24. The method according to claim 20 wherein
the organomodified polysiloxane comprising the
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Al'l nunbers are reported in mllinetersof —-separated wa s *
paral l el s the volune. The total sepaHIS SHEETCHABEBEENNHS to ca. 42 mm
readi ng. WOSHB§06Zt ures enpl oyed were pade VREFPAGRAPMVAE, jexceRET/EBR7/0535(65
and RH 275, and are described in previobs-Fabtes of-t his report.
RH 265 was mRRIYFeR Rbvahe1fpramdapdt \RaliedsamFesent oinRi88¢dry nedi ocre
perfornmance afusl esel aehnommt. of abolite 4 pmf f ectiveness of RH 275, nade
~with TMPMAE 10 formal, is significant and parallels findings for

di esel defoaners. It appears that |onger siloxane chains (Exanple 1 vs
Exanpl e 2 in organ®Bi| | Ehaemethode geaanding fee dclpinheOswpgratiron. As
persons e | PG hOmbAL Eidl! p¥IYed 1AL | B4 epraBengeraral 15
statenent_shquld o be avoLfeS due to vari e%e/ of cr uges. The
siliconed | i stiRFIRARIRG PRL LHaAN AWML 1esghhag; aPemtad 0Py ppm
concentrati orpprbut even in the best case (Exanple 1 in organosilicone
exanpl es) they 20 were outperformed by the TROS reference enpl oyed at

100 ppm The increase of MD100OD 24M concentration to 25 ppm did not

accel erate the sep?f atiBhe method acgending M GFlaper?6rwhesein _
Several experiHiI sguRéRoa et badpallysilidkahe’ s Lypesahe! B | Caling oil as
ea

suppl i ed by of ing,, ., 0Ll conmpanies. The test copnsisted of

pessi ng, FRERG PLL 1Pnan SIEUBE RSRNSTR SbARELER BBBcERd  of
oi | duriygg 5 about e3¢ pemwordi ng the vol unme of oil/gas and setting the
air flowrate at 100cc/mn 30 during the second part of neasurenents when
t he decay of foamis recorded. The virgin oil and that treated
with a known i ndust?y A metbeg; pfic degeddfring ey ed®l @itomercial |y under
_theT o g I atkoniisrEs i FaddYAg tol efude edll rlsuff viest aanodht o | ected
in Table 9.

the organomodified polysiloxane of claim 1.

28. The method according to claim 27 wherein x
15 is 100, y is 24 and R is derived from
' trimethylolpropane monoallyl ether.

29. The method according to claim 27 wherein R
is derived from trimethylolpropane monoallyl ether
and a is 7. - -

20 30. The method according to claim 27 wherein
the organomodified polysiloxane is present in crude
oil in an amount of about 10 ppm.

31. The method according to claim 27 wherein
the organomodified polysiloxane is present in crude
25 ©0il in an amount of about 5 ppm.

32. The method according to claim 20 or claim
26, which further comprises addition of solvent.

—_—
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Table 9 Antwboemssogzonc.  initial  vollume Rpmipggg Vo] ume  PCT/US97/65150

30 WD 97/ 38067 ' _LTHIS SHEET HAS BEEN PCT/ US97/ 05150
ppm f oam after after after

vol une 1

mn 2 nln 3’mn 33. The method according to cdaim 32, wherein .
ggongx | 28 681ve%§015 sef@@led fr3ﬂ5the g%aﬁﬁwﬂonsﬁgﬁ%ﬁg 880
200 The totéiP#@Bﬂ&B&Eéml'wé?ldﬁﬁ%vea thvéT Mﬁwl

‘concentration of of 9§phh6Q06&hm§hddmbCEﬁteﬂtamupolstlﬂnnphbrone,
.substantially reduced conpared_t.0,neat t hyl si | oxanes. Were the
‘initial foam ol unfYt+&ne. a?%o“ﬁ§tqﬁﬁ ﬁqﬁﬁ%gﬁes t he presence of
‘essentially no foam Deaeration at 20 ppm corresponds to the

.density with an organic reference enployed at 200 ppm 15 (0.844). Thus,
t he conpounds of the invention provi de rates of deaeration conparable.
to organic def oaners, at low treat rates conparable to silicone oi
def oaners. Whil e the invention has been described in detail 20
and with reference to specific enbodi nents thereof, it will be
apparent to those of ordinary skill in the art that various changes
and nodifications can be made therein w thout departing fromthe

spirit and scope thereof. 25 The entire contents of al
ref erences nentioned

_— )
—_—
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pol ysitoxane corfprisihg & * * polymer of the fornula

Mierr]D [err]D'[err]M 5 where Mis Oferr]Si (CHerr])[err]

Dis OSl((CH[errl_} err D is CSi (CHerr])R and Ris a

pol yhydri ¢ C[erv\} L?Té M 1§ani c group which is conpletely saturated,
D' is OSi (CHerr])R, where R is a phenol derivative or a 10 |ong chain
al i;phatic group or pblyetAreogganomodified polysilaxane domtiprising & and 80,

;x+y+z I s between and x/ (y+z) is

s 5lz > 1
between about 2P Vm?aogﬁw{’"ﬁ'da@ﬁo&yd" M, or formula M DaM,

where M is p[err]%hégﬂ%dsgigjmg) and R is as above, - Dis
a OSi (CHerr])[err] a|s bet ween 4-10, 20 or
m xtures of fornula W@&IWﬁ)err]D[err]Mand formul a MDerr]M.

D' is OSi (CH3)R, and R is a polyhydric C4-C,4 Organic
group which is completely saturated, '
D" is OSi (CH3)R’, where R’ is a phenol derivative or a
10 long chain aliphatic group or polyethers,
Z is between 0 and 80,
x+y+z is between 10-200,
x/z>1,
and x/ (y+z) is between about 2.0 and about 10.0,
15
- or formula M'D,M'’,
where M’ is OSi (CH,);R, and R is as above
D is a OSi (CH3)» '
and a is between 4-10,
20 or mixtures of formula MD,D’,D",M and formuia
M'D,M". |
2. The organomodified polysiloxane according to

claim 1 wherein R is derived from trimethipropane monoallyl
ether, trimethylpropane monoallyl ether, ethoxylated
25  pentaerythritol allyl ether formal, propoxylated pentaerythritol

allyl ether, tri-isopropanolamine allyl ether, allylpropanediol
1,3, alkoxylated allyl sorbitol, alkoxylated pentaerythiol,
alkoxylated trimethyipropane, or non-alkoxylated
trimethylpropane. _

30 3. The ofganomodiﬂed polysiloxane according to

claim 1 wherein R’ is a long chain aliphatic group having
between 10 and 20 carbon atoms.
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The—organonodi fied pol ysi | oxane according to claim1l wherein R HfEET

déri ved f ane nonoal | yl et her, trinethyl \)
monbal | YI 'w I“(m[lmlqgl ted 25 pentaerythritol allyl % WENEN

pro oxyI aerythritol allyl ether, tri-isopropanolamne allyl
ether aIIyIpropanedloI 1,3, alkoxylated allyl sorbitol, alkoxylated
pent aeryt hi ol , A. koxyhatoeghnamomﬁéw;bqﬂymhame acdording-tal koxyl at ed

L UYL P OPRNE ) porein 1012 B RS eSB! oxane accor i ng

between 10 and 20 cargon %@'&?anomodlfed polysnloxane according to 32
4. :» The organom)dlfled ol ysiT oxane according to Claim1 wherein x/

(y+z) is in the qlangbaddmawmcommmns djesel fuel, whereinthe 5. The

Comnr ot dos SNV AR SRR L' B presdis i Ak A1 o'

MYerr]D [err]D'ppmr]Mis present at about 1 to 5 ppm 6.
The organonodi fied paglysi I oxane accor.di ng claim1 additionally
conpri sing | ubricat i+ oi IThegigangmodifipd PO'YS"OESQ'I‘?RE‘POfﬂ@Slﬁ?esent at |ess

t han about 100 pd?ﬂi}r' ’erdlilon%Jl °°?"an sma)gg.gé%ﬁpwhé %th@ol ysi | oxane

according to claim si hg ent 8. An
or ganonodi fi ed Rolysert ispaesent ahless thanabout 100 ppal.yner of the formul a

D14 G5 (OHbrr]y[er]  Theorganomiiied holysioxnts bR aNG R 1o deri ved
from al koxyl at ecclaim 1 agditighalfydopigrisingeddivent! at ed trimet hyl propane, or non-
al koxyl ated trinet hyl ropane,
An organomodified polysiloxane comprising a
polymer of the formula
MD,D’,D" M,
15 where M is O 5Si (CHa),,

Dis OSi (CH,)>»

D’ is OSi (CH3)R, and R is derived from alkoxylated
allyl sorbitol, alkoxylated trimethylpropane, or non-
alkoxylated trimethylpropane, |

20 D" is OSi (CH;,)R' where R’ is a phenol derivative ora
long chain aliphatic group or polyethers,
* Zis between 0 and 80
x+y+z is between 10-200,
xiz>1,
25 and x/ (y+z) is between about 2.0 and about 10.0,

or formula M'D,M’

where M’ is M is O 5Si (CH;);R, and R is selected
from the group consisting of alkoxylated allyl sorbitol,
alkoxylated pentaerythiol, alkoxylated pentaerythiol,

30 alkoxylated trimethylpropane, or non-alkoxylated
trimethylpropane,

Disa0SiCH): ~ [REPLACEMENT SHEET]
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I20 \Mi“\ﬁ“ﬂl\“ CHerr])R, I theLe R is a phenol dgri vative Orn.da -

.lond : i\l gr oup or pol yethers, z is between Q -

X+ygjm tweens10* 200, X'z [err] 1, 25%?PLAG&ME kﬁ%ﬁﬁl

bet ween about 2.0 and about 10.0, or for aMDerr]M

where M is Mis OJferr]Si (CHerr])[err]R and Ris selected fromthe

group consi sting 4neead lspetveesd-fd,| yl sorbitol, al koxyl at ed

pent aeryt hiol, al koxyl ated pentaerythiol, 30 al koxP/I ated trinethyl propane,
a

or non- al koxyl at eder mixtures p yiagedayf2’,M and formu Dis a OSi
33 :

s ('CI-l[err])[errMDM. and a is
* between 4-10, ae or mxtures of fornmula M) err]D [err]D'[err] M and
~formula M D[ €9.r | MA method of reducing foamiflg 'oe dlesel faél sreduci ng f oami ng of

diesel fuel or 5 Tubricating oil conprising adding.to diesel fuel or
| ubricatiny lubricafing il %Q!W’is@iga?ﬁd'%ﬂrfﬁﬂ'?s%'ff”?‘r@"ém&%ﬁ%di fied pol ysil oxane

of cl ai myj4 syfficient amount he.afg%ﬁi‘gég p&fﬁi&éﬁé ¥ ng crude oil

conpri si ng a ng to crude oi clent anount of the
or ganonodi f i ecdaib®1. pol ysi | oxane of claim 1.

10. . A method of demulsifying crude oil comprising
adding to crude oil a sufficient amount of the organomodified
10 polysiloxane of claim 1.
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