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i nventi'on a2 o pol yoxyal kyl emm”"mmmmm s. In particular, o
invention relates to pol yoxyal kyl e ” Is Wi th reduced water affinity
that have val ue as conponents of fuel agdditive detergent systems: 10

BACKGROUND OF THE | NVENTI ON ~Pol'yoxyal kyl ene-nonoet hers and their
derivatives are well known and are wi dely used as conponents of fuel

addi tive detergent i i { ;. ens in
i nternal conbusti orﬁéﬁml\e%%%ym?%mﬁg V"Qiﬁ'ﬁg&‘ﬂ‘eg% éérr'gé ave
two conponents: (1) a pol yoxyal kyl ene co g t, which acts as a carrier;
and (2) a detergent. A wide variety of detergents are known, including

car bamat es, 5succi nates, ani ne pol JEeHQF TaHd INSENTEODUL yI ene anines (PIB
am nes). Exanples of such two-conponent systens are those shown in U S

Pat. Nos. 5,298,039 Zheindedt@vValdts to bblyexyalkegeneynonmethesponparticular,

detergent systens that-incorporate a pol ygxyal kyl ene noi ety and a detergent
function into a $hadgnepony feﬁéem&%&%%ﬁ%&%@e@h fBPUe P‘Pﬁﬁ%’g

U S. Pat. Nos. 5,38 nggtﬁétzl%\% 22108 (st poriitty @f Ydd laddmie: dbRegsmelstarned as

fuel additives m 5 ol eophilic to be conpatible with gasolines and
the |i pophilgi c detergents used to discourage or elimnate deposit

formati on. To achi eve good solybil i IR [y with fuels,
pol yoxyal kyl ene conponents ar g’&@ké@%@pyﬁgﬂ:ﬁﬁgw%ﬂéﬁ4 060 (nore
preferably C9-C30) hyq:‘cﬂ?@)f@kgléﬁé kydnoeth¥ts, ad tediabkplatiarsosiigswel known
descri bed, for exanple, U S Pat. Nos. 30 5,298,039, 4,877,416, and

4,422, 856. Even ﬁndmreh@ihgiydﬁiﬁﬁa?%ypﬁ‘@o@t@ﬁ§ of uebadditive deienaeak sustemsite

conponents can be_ hydroghi L . | si :
water in the fuel",’a%%"? g-'epﬁgégﬁ%%%g?éétgk%%g%eﬁ%lgﬁhﬁy@?lg%éﬁ%%%hgﬁt S.
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i
units such as those- rom epoxi '(see, €. % , U . .
5, 004, 478) or br antihe pobkthalsdarg prlyikabutdere amines (RIBampgs). Ryamples of

4,274,837). Unfortupately, thes di ficatjons r o) n
desi rabl e. SPGF?W?' ml@ﬁn&?ganﬁ%:‘ﬁ{&tég eo?%ﬁ?ﬁ@%’t%hﬁﬁjgl g?%éq:{?a
mi nor amounips of pal ¥ @vyad 46/ eneredictentiPPuhéidodss onbnt sietdigiint isystems iteat
result 10 from base-catal yzed pol ynerization of alkyl en? oxi des, e..g. ’
propyl ene oxi de, ingprpheate pRsdYall ang BpietnANd B dete@ent FupcdiPiRigrd $19P'S he
pol ymer i zation. Tag dLp! t a8 DMeeMop tdk Rhplkh &) BONESE hRES.
Until now, thesep%%ﬁrg!rapabsrﬁ%{}}ﬁ?ﬁeo%ﬁnaéﬂr@%gr?éteie'es wer e n%t "believed to
adversel y affect g 4%7 penfand®B606,045)pol yoxyal kyl ene nonoethers in fuels.
Polyoxyalkylene monoethers used as fuel additives must be
25 oleophilic to be compatible with gasolines and the lipophilic detergents
used to discourage or eliminate deposit formation. To achieve good
solubility in and compatibility with fuels, polyoxyalkylene components are
typically terminated with C,-Cg, (more preferably C4-Cy) hydrocarbyl (atkyl,
aryl, or aralkyl) groups as described, for example, in U.S. Pat. Nos.
30 5298,039, 4,877,416, and 4,422,856, Even with the hydrocarby! groups
present, the polyoxyalkylene components can be hydrophilic enough to
form emulsions on contact with water in the fuel, or to phase separate from

other hydrocarbon components.
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15, Poltyoxyal kyl ene nonoet hers made with C3 and hi gher al kyl ene oxi des
contain a second type of inpurity: al koxylated unsaturates. A side reaction
conpl i catwe 94432 cat al yzed pol ynerization of many al kyl en®@xERPEIE4Bone of

t he al kyl ene oxide isonerizes to an allylic al cohol and other unsaturates
under the reaction conditions. For exanple, propylene 20 oxide isonerizes
to allyl alcohol under basic conditions. Reaction of the allylic alcohol
with the aIkerne oxi de gives al koxyl ated unsaturates. \Wile these
inmpurities are "nonoethers,” they lack a relatively hydrophobi c end group.

Until now, these al kwémmwﬁs?dlwuﬁty%polrsxwlkmm oomogttare foahligtors
al cohol s, were not believed to adverselé fect the performnce of

25pol yoxyal kyl efrcreaaednaeleonhilig pajuse osthaunitatesalepprol (REENSIGONY-S- Pat.The
nvention an Ieo t he
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sel ected fromthe grou ing o a r an
e Whi oh 1 5t he FaaNaga rne) o5 PRaieriGrrone Bt tiss ok et 1S PAE Ndinge

of about 2 to abos 889) TRRHAMAKA BEsE RVIFICAtOhS 8%e bRBA AGRUEoIyREA.

percent of 5al koXxy Iat ed unsaturates, and preferably |ess than about 5 nole
percent of pol ymteysa'hb;d ene diols. We surprisingly found that

pol yoxyal kyl ene nDno I Nj t go f
al koxyl at ed unsat ur at y8¥¥ag§ﬂég%s?1§ﬁ?e§\se§s ﬁ%ﬂ{ﬁ ¢b gar'ﬁr?ue? %f% nd?
particular, the dm@@%r@ff Solpexealkyeenes aibl Waiperitiesl0 Tc’mfefserdlbylnmwht@s result
subst anti al | y reduced tendency to form enulsions WI th ter resent in

| i pophi | i d0syst dram haﬁ@s@afé’b(l&ﬁt%@e@eﬂlatﬂ%ofr@ﬂm e o t R5BRY'ERef yel
sol ubility. We agd&c??sl,ﬁ PiHe: '[dPéiéé/nJ dwbiat WISEHChLBE ta'%e LUMRE 18f the

pol yoxyal kyl ene inpurities In e nonoethers to | ess than about 5 nole
percent of fers gioigrharizatibrant ey diols mkmm hydrbepdzyl tmajein efthe TBaBGethEles

offor bot fer ol dtyigans BB St Snyrises BEFap vl isFe o R 1P ™"
I NVENTI ON adversely affect the performance of polyoxyalkylene monoethers in fuels.
15 Polyoxyalkylene monoethers made with C, and higher alkylene
oxides contain a second type of impurity: alkoxylated unsaturates. A side
reaction complicates base-catalyzed polymerization of many aikylene
oxides: some of the alkylene oxide isomerizes to an allylic alcohol and
other unsaturates under the reaction conditions. For example, propylene
20 oxide isomerizes to allyl alcohol under basic conditions. Reaction of the
allylic alcohol with the alkylene oxide gives alkoxylated unsaturates. While
these impurities are “monoethers,” they lack a relatively hydrophobic end
group. Until now, the__se alkoxylated unsaturates, usually propoxylated allyl
alcohols, were not believed to adversely affect the performance of

25 polyoxyalkylene monoethers in fuels.

SUMMARY OF THE INVENTION
The invention is an oleophilic polyoxyalkylene monoet-her. The
monoether has the structure:
30 Z—(A),—OH



‘O eophi lic pol yoxyal kyl ene nonoethers of the invention have the 20gener al
structure Z-&Qr,-O—L in which Ais an oxyal kyl ene group, Z is a

hydr ocar byYOP¥&1%ke, and n is thg—average oD oxyal kG §PHps.

Sui t abl e oxyal kyl ene groups (A) J&W&ﬁ&ﬁ% ﬁ&@ eni ng pol ynerization of
one or nore epoxides, including, {for eﬁéﬂhﬁ(}gp propyl ene oxi de, butene

oxi des, pentene oxides, and the I'TKe. Preferably, the 25 polyoxyalkylene
moi ety of the nonoether conprises recurring3units derived fromat |east 50
nol e percent of propyl ene oxide, up to about 49 nol e percent of butene

oxi des, and not wherin Ads aatayalkylenagreumes iserhydsbcarbliliesitkiemeleted from

oxyal kyl one’ un tH e R U SAUREe T Fhe 5ok 7y AR SKY" 3R o i ine
i ncl ude a randomyaahbARUMbeNsf 6% %ﬁéﬂgk%wmﬁin fHe fdngeadt Aout\Wo
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copol yner. althiet 90@r e maneethesfcatgiab Ugse Hramyabowpst imoletrerggRbef her ,

o anout 50b. - Forrprdmter Mpadalet abBeePanl Jod o aHclf S ARG ALaRERH T

about 5100. Moreppiyekpdlk@enesiislse range from about 10 to about 30; nost.

preferred is the range fromapout_ 10 t bout 2 Th h
i ncl ude a hydrocar bylgwee§‘i"(ﬂ’ﬁ'g'rk%§/)f.ouPﬁ‘etRﬁEaglgfeyagwlepﬁg?wﬁhg%ggﬁa%&

nore preferably - : Byl
residue is gener%F%%grgm?dé(ﬁ%%ﬁgwﬁ%gﬁ?f@?%&!ébéldl%{s%%ge&n G{}é@gg%g%y
al cohol or Phenaddvavtaghsifer tueds. airnt particotaratheemoxogthess ihaverreddeed water make

t he pol yoxyal kyl ene..monqet her.. rticul ar]y: t
derive fro phen%‘élﬁg'% aﬁaﬂ §fﬁséﬂft%llyﬁe@ﬁaeélténgéﬁéffogﬁag%aéﬁug?d&%%nﬁWatépa
nonyl phenol , andprgaepetineifodhiRt spistemee fTiBeChBvaRdgesDsfe thy ehemnedthyrs
Cl12-C15, aliphatic al cohols, Exalg'g_l es of qgleneral |y suitable 15 structures

f or28'éhe pol yoxya$tgaestbetishivel falkbiibpdie dlso surpnsmgly faysd that seghiong the
4, ,612, and 5 ' : i oh i -
gﬁﬁéfgg&?gﬁlﬁf{%%gﬂ& iffpupies fin e rﬁﬂf&éﬁtﬁ’&%%@s@ﬁkﬁi n by

r ef er ence. Suita% e esi dues I nclude "pi nwhee type

EX%SBK%I ated al rabcmhte:'nmae sefendefferwosimikde advantagesn By, Sin@aeposib-control
: , 025. 20P yal _ i

catal ysi s, 15 © ggé(l%eegytl)aes%% ggngﬁﬁgga?ky?éﬁe Ql%rqc%t"\grsn%g?hg%\péar%ocn, fuel

-

formulators can offer better solutions for cleaner engines.

DETAILED DESCRIPTION OF THE INVENTION

Oleophilic polyoxyalkylene monoethers of the invention have the

20 general structure Z—(A),—OH, in which A is an oxyalkylene group, Z is a
hydrocarby! residue, and n is the average number of oxyalkylene groups.
Suitable oxyalkylene groups (A) result from ring-opening
polymerization of one or more epoxides, including, for example, propylene

oxide, butene oxides, pentene oxides, and the like. Preferably, the

25 = polyoxyalkylene moiety of the monoether comprises recurring units derived
from at least 50 mole percent of propylene oxide, up to about 49 mole
percent of butene oxides, and not more than about 10 mole percent of
ethylene oxide. Particularly preferred are polyoxyalkylene monoethers in

which all of the oxyalkylene units are oxypropylene. The polyoxyalkylene

30 moiety can include a random configuration of oxyalkylene units, or it can be



and consequently, they include significant concentrations of al koxyl ated
unsaturates, typically propoxylated 03 unsaturates. Until now, these

i npuriti esvowwadoazot believed to ad wH@SMEEﬂf I'IﬁStBEtErﬂe per f oPEBRATES/QH40

pol yoxyal kyl ene nonoethers in fuelp Ws@prmgml ng found, however, that
25 the concentration of al koxyl at el Inpor tant, and t hat
pol yoxyal kyl ene nonoethers that contain | ess than about 6 nole percent of
t he al koxyl at ed unsaturates offer substanti«l advantages for fuels,

i ncludi ng reduced water affinity and a reduced tendency to enulsify with

wat er in |ipophid pickipengnedbre preferred pol yoxyal kyl ene nonoet hers
30contain | ess than about 3 nole percent of al koxyl ated unsat urates; nost

W). 98/ 44022  PCT/ EpgsTImewag?HlumtaqEEwXW@ eE&IquEPLINCE@nOGI erbeCélr red
are nonoet hers hay

unsat ur at es. @ ék%s{eﬁ%%h@]?gf@%ﬁé{ﬁedlgr E\l}b/aﬂ?slﬂzﬁé%“qeo& % art %)?gur;(akl ng
pol yet her conpossa0.oRsr bae:ferrgdvmr}oétbwscnnsmmmh&)rmga‘ ofaabmxﬁ it about

t t 5 I t bout 6 I I
VAl uabl 6 vy T A0 mMere RrelaTSrh R dRERs ESTpshat T0achaPalBahadste: a
cyani de (DMC) & reteridd .s%%btraﬁbefr@wasemawmbommds for thelr

manuf act ur e, procedures for using themto catal yze epoxide
pol yreri zat i ons are dEse mdnegthars inclidermbydngsarbyBresmdies Taesmirmbyl
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pol yoxyal kyl ene TRxogydreEartyl epaidee uelgwwmlb,stcmﬂmal formom - mioywhgttoxye
varieties of double nmetal cyanide catalysts, since . those ca&al sts tend to

gi ve pol yridt s wicampeend dedstan algehs! ef PB‘P'RQJ)(WI&’FEdS @nataftgr ) eppxides) |y
| ess than about ;%;gi?\eﬁzg o & tma@@%(h@?o% Z%nteh%r%@?ﬁ'é 1. ISaH?E'uFarI

percent. erre pol yoxyal thers al so contain Iess t han
about 5 nol e perpreferraxf amdnpoambk:y'dhehéeme)frgm Brerols subsiituted vwitbl CaGed

phenol starters dto rrake al k CORtain
appr eci abl e con&iﬁﬁrgé???)ﬁse %1” 6¥ncya§g§ggqrgqe{}ﬁg@qﬁﬁﬁg%gﬁphﬁC@,ef Bf‘h' 20
starter gives t hgofestereAbIPOOaS NedliphBtié aaﬂoﬁalsgl@seﬁmae@o@geﬁemwsuntable
proportion of polyoxyal kyl ene“di ol resulting from epoxi de, poV%rTErl z t| on

with waterl@s a sttuatiees fanthel polyexyalylane gianoathenappesn BsU
bel i eved to advey sglys Af f goigd 8 p%%o“s%ﬁﬁ’f tRe! %ﬂd{ylﬁnwm%her s

in fuels. W surpirsingl'y found, 'however the concentration of
pol yoxyal kyl ene ndcoI;:Baratéﬁ herem‘rbprréfar&nceanaultzhtde I‘p{dlrw(pwl ﬂeﬁlm imohuslet her s

h I ff
advant agee for T BEMRCEPPIRYeBAAS LRk EPnteoh g AR Rgs EehElptd Pl S,

content of al koxyhahgf giee@bpsat es: reduced water affinity and a reduced
tendency to emulsify with water in |ipophilic systems. Mre preferred

pol yoxyal K30 ene nonoePhlyexyakdent Hamnoplass arraRcapain m?dﬁlﬂyebi‘)%? carlys:
pol yoxyal kY' éne aq-h?lcihseém%r%%/, %az%clude significant concentrations of alkoxylated

unsaturates, typically propoxylated C3 unsaturates. Until now, these

impurities were not believed to adversely affect the performance of
polyoxyalkylene monoethers in fuels. We surprisingly found, however, that
25 the concentration of alkoxylated unsaturates is important, and that
polyoxyalkylene monoethers that contain less than about 6 mole percent
of the alkoxylated unsaturates offer substantial advantages for fuels,
including reduced water affinity and a reduced tendency to emulsify with
water in lipophilic systems. More preferred polyoxyalkylene monoethers

30 contain less than about 3 mole percent of alkoxylated unsaturates; most



PCI/ EP98/ 01 MO TH S SHEET HAS BEEN REPLACED 6 To produce a

pol yoxyal kyl ene nonoet her having | ess than about 5 nole pe _
pol yoxyal KX ¥M0%i ol s usual | y requrg gm m. i ppi ng of E’?ﬁ%tl’g?&r%oer

nol ecul e (al cohol or phenol derivegd *ﬁééxﬁftﬁﬁ rbyI noiety, Z) to
reduce the water content of the stlarterR r| pping is usually 5
performed at el evated tenperature, preferably al a tenperature within the
range of about 60C to about 200C, nore pref&rably fromabout 90C to _ about
150C. Purging the systemw th an inert gas such as nitrogen often helps to
renove water. Azp'mfém@dl rayesnbne%srq bayging tesbubap, abtetahdsinatapeitent ok
used to help stnE )@5 \éﬁf Bef ore any epoxide is added to the 10starter
and catal yst, tHRxp¥(aie ”%é‘t”' €%¥n the starter is preferably less than
about ‘5 nol e percent.yypie theré%rbhs%vé@ﬁWatﬁ HanTﬁh'tﬂe%rﬁfdP%aKnﬁQ%%tM@ﬁ er
affinity results when the pol yoxyal kyl eneé nonoet hers contain | ow enough

| evel s of di 0I aamnaoxmmsMmgjmtlgw&qwqenﬁatmm@§alhmwlat@@tumsatwat%ﬁqd

mth arer 5o s dian o Por APl de frfiard)'s pfo RGN RS 0N
di ol content is th@sﬁogbﬁvalﬁyléﬁé%cmﬂbﬁﬂélm using éhﬁmﬁilacmytat@@nwmaoma)te
content is less than

ercent. Interfacial gﬁ hnes V\gc&h is a
neasure of the rﬁﬁi@h(ﬁherswt%bé?]@w@ycﬁté yebt etAdsi thdhe|rsmapdtactyign adm, i n
each case. In CONLEa8hes %IQr ‘M%?%Ottﬂgml ol ec’:at%&zg' ?ﬂ)oﬂ&gl Bély?r{é?@é!)t’bﬁé efre

unsat urate inmpur’ Ores s

nmonoet hers have despribaiden U &(ﬂ’tahcfyos& éﬁﬁl4§i7t 3, Sfﬂ BAQet, év 2368 érT%B&E

t hi cknesses gre t he, i nvent i an i.ncl udes depo r

addi tives b%seda%ﬁepiéﬁgoﬁl?%gghpk& &lgac PrB'l% H&W%h aﬁb"%"éﬂﬁ&i%‘ﬁn"%?&h b%J
deposi t - control  Qagcieht¥eParicultly 6re@r¢éWQewowbx9§|REkhé%m@lﬁh@rsgmbamud t he
nonoet her. Suitable detergents are well-known in e art, and

described, for ewsingl substantinlly roarcrysigdines vagetiesefadgubleg metah gyapise

t eachi ngs of whicg T

detergents i ncl u%aga®F§°'r s&%g tﬁﬁ%@& r)%%rtg Btgﬁﬁiﬁﬁg%ltgm%@p%“%te Sers
pol yi sobutyl ene @halresy |atmﬂu3§htbmtés kgpicaly lesisxthan ebotbh8rraofe. p@q:ent(aqnbnent
deposit-control addl tive %SH ET HAS, BEEN REPLACED 7 the invention
i ncor porat 8 a poPNRX k‘f??@r?@o MolhBeeedtt er gent function into a single
pol ymer backbone. EXamfeﬁeefpow&pamw@néWﬁérscmwamtaﬁomscmharaddbm ves
appear, for exanple, 1n US Nos. 5,427,591 and 5, 600, 025, the

t eachi ngs of vvhlﬁlrn@le@elrcrﬂmmapb‘péﬂa'h\ét?éeﬁ“%? Beepuse e alcohol and-pﬁn@nol

i nvention also includes I

pol yoxyal kyl ene %ﬁﬁt&é‘f' &Y e%ekq' H?é’eé&k&:};a i o@b@%en%reger%gpﬁggl E%'Ffﬁ'”

ei ther a one- congoprediabis cbV\ﬁemwtpmﬂaeut \Aﬂwoﬂala'semhalymd anﬂcbnylal@noof thee

i nvention as descri bed above. The [nonggg}? nposi tions ude ot her

addi ti ves 2@nmon$tartRrgivesithe drgired reRut glsp g@{;ga lgm?gar(\ﬁ RieBRECn
det t addit t
det ergent add 'e{Paolyé’inT R}%&oﬁ%@ﬂkﬁlg fﬁﬁﬁ@%xi@@hﬁmﬁéﬁzatm Wit werdrecer s,

g €xanples nerely illustrate the
i nventi on. ThoseaskaﬂtdaredUnhl nowe, thesewiollimpasitgn vase it Peliayehie aa¥erseit are

W thin the spi r|t t Ehe performance of polyoxyalkylene monoethers in fuels. We

surprisingly found, however, that the concentration of polyoxyalkylene diols
25 is important, and that polyoxyalkylene monoethers that contain less than
about 5 mole percent of the diols offer the advantages for fuels described
earlier of using monoethers having a low content of alkoxylated
unsaturates: reduced water affinity and a reduced tendency to em.ul-sify with
water in lipophilic systems. More preferred polyoxyalkylene monoethers

30 contain less than about 2 mole percent of polyoxyalkylene diols.



15 nventi on and scope of the clains. EXAVPLE A Preparation of a

Pol yoxypr opyl ene Monoet her from Nonyl phenol Nonyl phenol (1006 g) is charged
to a stai W@ssddleel reactor. Zi nre—26—hexaeyanocobal t at e- PETEPBYPIHO

al cohol conpl ex (0.143 g, prepar ¢dHS SHEEE HASEBEEM| U. S. Pat. No. 5, 482, 908)
is added, and the mixture is heatjed wi BREPIAGEDri ng finder vacuum at 130C for
1 h to renpove traces of water fr The nonyl phenol starter. Propyl ene oxide
(4694 g) is introduced into the reactor ovee 6 hours. After the epoxide
addition is conplete, the mxture 25is heated at 130C until no further

pressure decrease occysprodiite @B@%&?alkﬂenéwahéi haddgdest thaai atsslitfS om
the reactor. EXAMPLE B reparation of a Pol yoxyal kyl ene, Monoet her

froma Cl2-Cl5 Pmojsorgicantobraexyalkyienadielsgisualiy rpidres yacuysnatripping of
fol |l oned, except,th - I i I~ he
pol ymeri zati on. t?ﬁé?érﬁ%unﬁsleg% %p(%g’{/‘ﬁg‘?{te‘*‘c?%gga% da@?ddzrﬁée’!}&@rg cgtty(ljﬁtogetg
nonoet her producy) bavéedgcd tise dester edntamtiogrthefstantgpr dine siipp{O)s usually (see
Table 1). 5EXAMPLE C Measurenent, of Mol e % Di ol an<t1 Pro oxgl ated C3

Unsat ur at es® PeﬂWé?%?feel%%ﬁedﬁ%‘[“?@@ﬁﬁ(y’lr%fﬁéa Y &t @ tgAtpesAse W the 3
unsaturates r eporratn?é ofladS doot t%?@odl'ﬁ@@b%ﬂ%@r@%réf@lﬁb?* Vronflabout 90°C to _

pol yoxyal kyl ene noroet her sanple is derivatized by reacting the hydroxyl

10 groups in thealsautpi59°Gi tRrurgingehe systeof wishtahahed gastsunh akenitrpgensedias

e
contains two kinds of "nmonols” (the desired I d
pr opolxylsat ed C|3 f&%eaﬁw%ﬁ‘%‘f %‘faﬁéfad%%‘%_@H"}gosﬁgﬁgiﬁr'@ysh%ﬁ? ﬂg?%ﬁ%geéafﬁg
hydroxyl groups igotHeusédned bely stripautevdted Befarbtdnyl epexidels addédtcsthenhi ch
have free -COOH groups. The relative amounts, of diol and ng%gé&{are

15
then quant1®ied #fprteband atatystolhedpus! ofmeatglvetherriager SrE §SHitAbd

does not disti ng‘%g& Epﬁw\g?g&g two types of nonols present, determ nation
of the nole % of propoxylate “unsaturates requires a second neasuremnment.

Pol yol unsaturation, Asttee neswts inTabhe 1show, rediyces/wataraffinity easedtameren
titration, gives, the | e % of monol due to the, 20 propoxyl.at:

unsat ur at es. Submeae?%ﬁy?%}'l?n@aﬂ“ﬁ@o? &ht Fﬂ@%‘%tl%‘f’ %quﬁ%%@%éﬂgﬁaasndf ound
by the chronat ogspRyiate Nakadirkes itprriiese %eén pebdHoXiE byl eakorylatest her .
EXAMPLES 1-7 25Emul sification Testing for Water Affinity of Polyoxyal kyl ene

Mbnoet her s15 unssrEatalcoptents Ao, & tRadeneY: 1@ forRssMURIPRD WD W#I§A 196 | s
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hexanes (3.6 Q) crew cappe a hé capped vial is swrled gently
to conpl etely di @0l mddpepenyeartkthe alkexytagd ussatenateadntentds iegsethas@y 1. 0

9) 1s added to the Nexantt SRtEHAN thitkSess, ShidrSis FRPREQUASH REMGTbeirs

tendency to form emulsions, is less than 5§ mm in each case. In contrast,

20 when the level! of diol and/or alkoxylated unsaturate impurities is high
(Comparative. Examples 3, 4, and 6), the monoethers have a greater
tendency to érh-ul_sify with water (interfacial thicknesses greater than 10
mm). The invention includes deposit-control additives based on the
polyoxyalkylene monoethers. Two-component deposit-control additives of

25 the invention comprise a detergent and the monoether. Suitable
de'tergents are well-known in the art, and are described, for example, in
U.S. Pat. Nos. 5,298,039 and- 4,877,416, the teachings of which are
incorporated herein by reference. Suitable detergents include, for example,
carbamates, succinates, amine polyethers, polyisobutylene amines, and

30 the like, and mixtures thereof. One-component deposit-control additives of



9 2hm'n._|_ﬁsi ng ? pi stgn;(l I ke notion that traverses an arc of about 12

I nches. e vial is shaken at 2-3 strokes per second for 2 4n S
then al'l o4 and undi st ur bed—-or_5 mﬁ Aruler is use Tft}%mrz@gs&re t he
hei ght of the interfacial region| THISUSKERT BASBEEN)| in nm after 5 min. and
again after 30 5mn. 10 Table 1} EmulREP{ACEDS i on Test Results:

Pol yoxypropyl ene Monoethers 30 nrm—tFthtekress—mm) 017 017 9.6 ci.

lci.l ZE 12-Cl15 al cohol -started; zinc hexacyanocobaltate-tert-butyl al cohol
catal yst for propoxylation. 12-Cl5 al cohol -started; ,KOH catalyst for
propoxyl ation. ogdiphenmriatapbee alatyoxghiklesie rhoietypanpaxigtearyentfunction

yl phenol.-started; zinc hexacyanocobal tate-tert-butyl al cohol catalyst for
propoxyl ation. rindeialsingenpalymer baskbeness Examplgs gof such one-component

deposit-control additives appear, for example, in U.S. Pat. Nos. 5,427,591

and 5,600,025, the teachings of which are incorporated herein by
5 reference.

The invention also includes fuel compositions made using the-
oleophilic polyoxyalkylene monoethers. The fuel compositions comprise
a fuel and either a one-component or two-component deposit-control
additive of the invention as _déscribed above. The fuel compositions may
10 include other additives commonly known in the art, such as, for example,
additional detergent additives, anti-knock agents, cetane enhancers,

octane enhancers, and the like.
The following examples merely illustrate the invention. Those skilled
in the art will recognize many variations that are within the spirit of the

15 invention and scope of the claims.

EXAMPLE A
Preparation of a Polyoxypropylene Monoether from Nonylphenol

Nonylphenol (1006 g) is charged to a stainless-steel reactor. Zinc

20 hexacyanocobaltate-tert-butyl alcohol complex (0.143 g, prepared as
described in US Pat. No. 5,482,908) is added, and the mixture is heated

with stirring under vacuum at 130°C for 1 h to remove traces of water from

the nonyiphenol startér. Propylene oxide (4694 g) is introduced into the
reactor over 6 hours. After the epoxide addition is complete, the mixture

25 is heated at 130°C until no further pressure decrease occurs. The product

is vacuum stripped and drained from the reactor.

EXAMPLE B
Preparation of a Polyoxyalkylene Monoether from a C,,-C,; Propoxylate

30 The procedure of Example A is generally followed, except that a
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C,,-C,s fatty alcohol is used to initiate the polymerization. The amount of
propylene oxide is adjusted to produce a monoether product having the

desired number of oxypropylene (PO) units (see Table 1).

5 : EXAMPLE C
Measurement of Mole % Diols and Propoxylated C,.Unsaturates

The mole % of polyoxyalkylene diols and propoxylated C,

unsaturates reported in Table 1 are determined as follows. A
polyoxyalkylene monoether §émple is derivatized by reacting the hydroxy!

10 groups in the sample with an excess of phthalic anhydride. The sample
contains two kinds of “monols” (the desired polyoxyalkylene monoether and
propoxylated C, Qnsaturates) in addition to polyoxyalkylene “diols.” The
hydroxyl groups in the sample are converted to phthalate half-esters, which

have free -COOH groups. The relative amounts of diol and monols are

15 then quantified by ion chromatography. Because the chromatography
method does not distinguish between the two types of monols present,
determination of the mole % of propoxylated C, unsaturates requires a
second measurement. Polyol unsaturation, determined in the usual way

by mercuric acetate titration, gives the mole % of monol due to the

20 propoxylated C, unsaturates. Subtracting this value from the total mole %
of monol as found by the chromatography method gives the mole % of

polyoxyalkylene monoether.

EXAMPLES 1-7
25 Emulsification Testing for Water Affinity of Polyoxyalkylene Monoethers
Generally, a modified version of ASTM method D-1094-96 is
followed. Polyoxypropylene monoether samples (0.02 g) are combined
with hexanes (3.6 g) in a screw-capped vial. The capped vial_is- swirled
gently to completely dissolve the polyether. The cap is removed, and water

30 (1.0 g) is added to the hexane solution. The vial is capped and shaken for
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2 min. using a piston-like motion that traverses an arc of about 12 inches.
The vial is shaken at 2-3 strokes per second for 2 min., and is then allowed
to stand undisturbed for 5 min. A ruler is used to measure the height of the
interfacial region (emulsified part) in mm after 5 min. and again after 30

5 min.
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11 ~ The precedi ng exanples are neant only as illustrations; the
follow ng clains define the scope of the invention. WD 98/44022

PCT/ EP98/ M@ 3%4493 S SHEET HAS BEEN REPLACED 12 W& cl ai mPCE/EFAf01640

ol eophi l'i ¢ pol yoxyal kyl ene nonoet her of the structure: Z-(An-0 H

wherein A is an oxyal kyl ene group, Z is a hydrocarbyl residue selected from
the group consisting of C4-C60 al kyl, aryl, and aralkyl, and n, which is

t he average nunmber of oxyal kyl ene groups, i$Twithin the range of about 2'to
about 500; wherei n the nonoet her contains | ess than about nol e
percent of pol yoxyal Eﬁheeh'@céﬁmgse@mplﬁés?éeﬁ'ﬂ\%ﬁﬂtMPsﬁq?HIa@OB%art@@nt of

oxypr opyl ene. 3. TR Hait ST TBREERT ofe ENENILA VLS ! G °

nonyl phenol . 4. The nnnoether of claiml wherein Z derives froma
Cl12-C15 al i phatic al cohol. 5. The nonoether of claim1l1 wherein Z is
sel ected fromthe group consisting of C4-C30 al kyl, aryl, and aral kyl .

6. The nonoether of claim1l wherein n has a value within the range of about
10 to about 30. 7. The nonoether of claim 1l containing | ess than
about 2 nol e percent of polyoxyal kyl ene diols and | ess than about 3 nole
percent of al koxylated unsaturates. 8. An ol eophilic pol yoxyal kyl ene

nonoet her of the structure: Z-(A)n-0 H



wherein A is an oxyal kyl ene group, Z is a hydrocarbyl residue selected from
the group consisting of C4-050 al kyl, aryl, and aralkyl, and n, which is

t he aver age spmadaer of oxyal kylene groups is within the rafGRERB/0A&8ut 2 to
about 500; wher ei n the nonoet HeFHIE @HERITTHAS BEBN § han about 5 nole
percent of pol yoxyal kyl ene diols. 9. Therpprgpgpher of claim 8 wherein Ais
oxypropyl ene. . WO 98/44022 PCT/ BP98+83+646—FHH-S-SHEET HAS BEEN REPLACED
13 10. The nonoether of claim8 wheqgin Z is selected fromthe group
consisting of C4-C30 al kyl, aryl, and aral kyl. 11. The nonoet her of
claim8 wherein n hagacufthue Wi thin the range of about 10 to about 30.

12. The nonoether of claim8 containing | ess than about 2 nole percent of
pol yoxyal kyl ene di ol 4. AB olgophiliepplioxyakylens noruethercefdhmstmetwier of the
structure: Z-(A)n-OH wherein Ais an o yaHSyl group, Z is a hydrocar byl
residue ., selected fromthe group con§isttng C4-C60 al kyl, aryl, and
aral kyl, and n, whi chrkseihh v a'llﬂﬂ@% bu®xyalskyl Bpéroga Sresldue
within the range of QQEﬁ?lF’ZAt% gggﬁf?y 500; P viherei n ?ﬁre nomr?get her
contains | ess t heatected ditons thegwupcgansistingof £.ess Al caryli gt aralifyband n,

14. The nonoet her, of .cl.al I 8 ' ithi The
nonoet her of cl a‘f’W.C&és &%eg]%%ég%ﬁgﬂ%@s%ﬁ\g% Z%R?prég%q ﬁgﬁg%%thé%ﬁhs‘? ga?}%eg of
C4- C30 al kyl, aryoutangd apabtsdo: 16. The nonoet her of claim 13
wherein n has a value within the range of about

) 0 to,abput 30. 17.
The nonoet her of cl aMreI8NAHRIAPAPSY [Eggtafrl'f‘a'ﬁsﬁtjgréﬁ'? agngsénﬁlgr%%rﬁ?nB?f
al koxyl at ed unsat Ly gk fiikylene diols and less than about 6 mole percent of alkoxylated

unsaturates.

2. The monoether of claim 1 wherein A is oxypropylene.

3. The monoether of claim 1 wherein Z derives from nonylphenol.

4. The monoether of claim 1 wherein Z derives from a C,,-Cys
aliphatic alcohol.

5. The monoether of claim 1 wherein Z is selected from the group
consisting of C,-C,, alkyl, aryl, and aralkyl.

6. The monoether of claim 1 wherein n has a value within the range

of about 10 to about 30.
7. The monoether of claim 1 containing less than about 2 mole

percent of polyoxyalkylene diols and less than about 3 mole percent of
alkoxylated unsaturates.

8. An oleophilic polyoxyalkylene monoether of the structure:

Z—(A),—OH

wherein A is an oxyalkylene group, Z is a hydrocarbyl residue
selected from the group consisting of C,-Cg, alkyl, aryl, and aralkyl, and n,
which is the average number of oxyalkylene groups, is within the range of
about 2 to about 500, o
' wherein the monoether contains less than about 5 mole percent of
polyoxyalkylene diols.

9. The monoether of claim 8 wherein A is oxypropylene.



&ﬁ. An ol eophi lic pol yoxypropyl ene nonoet her of the structure: Z-(A)n-OH
erein xypropyl ene group, _Z is a hydrocarbyl res ed
fromt he%b%ﬁfg‘n’égnm sting of C4- CBPTRISKYLEETANG - BE ar al kt?’r‘&g?}%&ﬁﬁml ch
is the average nunber of oxypropylke BPR aﬂthl n the range of about
10 to about 30; wherein the n@nge:_h.a? 9‘ 1ra| ngd | ess than about 5 nole
percent of pol yoxypropyl ene diols and | ess éhan about 6 nole percent of
propoxyl ated C3 unsatu rates. WD 98/ 44022 REPLACED SHEET HAS BEEN
PCT/ EP98/ 01610 14 19 oet her f cI Ee? ai ni n | ess
t han about 2 nole pe"rQrem‘edT‘o'b%?t%f(&?gF'@B?I e?ﬁ"& gipqted i’ ERHP[ 3
nol e percent of BE}SB’W’ ld?tCEAdCC%P)P ra?ﬁoeér 20. A one- conponent

a at

deposit-control It fromt ey pol yoxyal kyl ene nonoet her of

claim 1. | 21. 101 t%emmmtl@ertofd@nsa wwheozih ndhasoal slaluiewethinitiod range
conprises a_ deter nd t he | yoxyal kyl ene nonoet her of claiml.
22. A corrp05|t|(9rﬂ éBr?HPrquégg a fuel and the one-conponent

deposi t-control add"fi VeI’H?—:f nfdriietheOof claim 8 cftaifing 8RPHidr 8BouhRCRole
conprises a fuel and the two-conponent deposit-control additive of claim

tZﬁ I 2I4k iﬁemmtanfm;ﬂy\@maliaéqylmﬁtol?ont rol additive which derives from
e pol yox £, : . -
depog i tycoﬁ'ii r oIy gggl vg\r\/\()ﬂ RR'LBFW?)‘IO&@&XI%&@988%&‘65@&%%3{;8%%[6nt

pol yoxyal kyl ene nonoether of claim13.z—A)—C%. A conposition which

conprises a fuel and the one-conponent
wherein A is an oxyalkylene group, Z is a hydrocarbyl residue

selected from the group consisting of C,,-CGo alkyl, aryl, and aralkyl, and n,
which is the average number of oxyalkylene groups, is within the range of
about 2 to about 500;

wherein the monoether contains less than about 6 mole percent of
alkoxylated unsaturates.

'14. The monoether of claim 13 wherein A is oxypropylene.

15. The monoether of claim 13 wherein Z is selected from the group
consisting of C,-C,, alkyl, aryl, and aralkyl.

16. The monoether of claim 13 wherein n has a value within the
range of about 10 to about 30.

17. The monoether of claim 13 containing less than about 3 mole
percent of alkoxyiated unsaturates.

18. An oleophilic polyoxypropylene monoether of the structure:

Z—(A),—OH

wherein A is an oxypropylene group, Z is a hydrocarbyl residue -
selected from the group consisting of C,-Cg, alkyl, aryl, and aralkyl, and n,
which is the average number of oxypropylene groups, is within the range
of about 10 to about 30; o

wherein the monoether contains less than about 5 mole percent of
polyoxypropylene diols and less than about 6 mole percent of propoxylated

C, unsaturates.



deposit-gontrol additive of claim 24. 27. A conposition which
(Zzgrrprl ses aﬁ‘&uezlﬁhand t he Lwo-c](c)rrponent deposit-control additive of claim

. wo @¥4402Bhe nonoet her of cl dipmd Jpi-e hg a RSUIDERSSIGEG18|
cyani de catal yst. 29. The r?omel%ﬁgéﬁég/\%?%@ lg prepared using a
doubl e nmetal cyani de catal yst. 30, ﬁﬁnd of} reduci ng the water
affinity of a fuel conposition, said nethod conprising using as a fuel
conponent the pol yoxyal kyl ene nonoet her of14l ai m 1. 31. A nethod for
reducing the water affinity of a fuel conposition, said method conprising
using as a fuel comgenemhet Menpethedufdidin eBeontiniagtess tHarchbout 2 3nole

percent of polyoxypropylene diols and less than about 3 mole percent of

propoxylated C, unsaturates.

20. A one-component deposit-control additive that derives from the
polyoxyalkylene monoether of claim 1.

21. A two-component deposit-control additive which comprises a.
detergent and the polyoxyalkylene monoether of claim 1.

22. A composition which comprises a fuel and the one-component
deposit-control additive of c_lla'im 20.

23. A composition which -comprises a fuel and the two-component
deposit-control additive of claim 21.

24. A one-component deposit-control additive which derives from the
polyoxyalkylene monoether of claim 13.

25. A two-component deposit-control additive which comprises a
detergent and the polyoxyalkylene monoether of claim 13.

26. A composition which comprises a fuel and the one-component
deposit-control additive of claim 24.

27. A composition which comprises a fuel and the two-component
deposit-control additive of claim 25.

28. The monoether of claim 1 prepared using a double metal cyanide
catalyst. |

29. The monoether of claim 13 prepared using a double metal
cyanide catalyst.

30. A method of reducing the water affinity of a fuel composition, said
method comprising using as a fuel component the polyoxyalkylene
monoether of claim 1.

31. A method for reducing the water affinity of a fuel composition,
said method comprising using as a fuel component the polyoxyalkylene

monoether of claim 13.



