LUBRI CATI NG OsL COWPOSI TI.ON The present invention relates to the reduction
of the em ssion of undesirable materials such as unburnt hydrocarbons from
internal conbustion engines. The em ssion of unburnt hydrocarbons from

i nternal conbustion engines is increasingly considered to be undesirable.
Apart fromany harnful effects of the 5 hydr ocar bons t hensel ves they may
react with other atnospheric pollutants and contribute to the formati on of

i ncreased | evel s of atnospheric ozone, and phot ochenm cal snbg. One source
of unburnt hydrocarbons in exhaust em ssions involves the lubricating oi
used in the engine. Mst internal conbustion engi nes make use of a 10

pi ston reciprocating in a cylinder with a cdnbusti on chamber at one end.
Movenent of the piston within the cylinder is lubricated by a film of

| ubricating oil which is supplied to the cylinder on the side renote from

t he conmbustion chanber. Piston rings are provided to control oil thickness
on the cylinder wall. However, fuel can be absorbed into the oil film
during induction and conpression and this can 15 be desorbed after
conbustion and be emtted as unburnt hydrocarbons. Furthernore, evaporating
lubricating oil can be responsi bl &UBRICATINGSOIL, LOMROSITION ons from i nterna
conbustion engines. It would be desirable to find a way of reducing

em ssions in which Iubrtcatin oil is anolged. 20 . US %696128
di scl oses perfl uor opol ySRh&FeER W RFIFRLHES ThithR Hidreqser oF the
stabilisers in fl uaissdtredfouhdesiviblechaterialsy sadthas typenofhyiasearbiohs US

5034525 descri bes ﬁoh“?ﬁ%e%@i Jo%m ni &rgté_g%'l ubrication and rust-
of a chi

prevention of the contact surfaces ne or equi pnent wth noving
parts. The |ubricant i sThe femigsioneof ynbuinti hyfrheaxbope ykxanc inearpelind havi ng

a pyridine, 255 [Roublleidie enPideS! B7 NG d¥sihflyR2di3Edb+dW to THE uhnibQn e .
conpound may be m xed perfluoropolgether 0|I°g%t%%ease but no
r

la wth a
other type of basd'P8FF. £igs any dwsmiuljetiecrpRf she hYArecamP ggelvgs gthey

refrigeration systn@n rdddxr with other atmospheric pollutants and contribute to the
formation of increased levels of atmospheric 6zone, and
photochemical smog.

10 One source of unburnt hydrocarbons in exhaust emissions
involves the lubricating oil used in the engine. Most internal
combustion engines make use of a piston reciprocating in a
cylinder with a combustion chamber at one end. Movement of the
piston within the cylinder is lubricated by a film of lubricating

15 o0il which is supplied to the cylinder on the side remote from the
combustion chamber. Piston rings are provided to control oil
thickness on the cylinder wall. However, fuel can be absorbed
into the oil film during induction and compression and this can be
desorbed after combustion and be emitted as unburnt hydrocarbon#.

20 Furthermore, evaporating lubricating oil can be responsible” for
undesirable emissions from internal combustion engines.

It would be desirable to find a way of feducing emissions in
which lubricating oil is involved.
Accordingly to the present invention provides a lubricating

25  o0il composition for use in an internal combustion engine
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X I ubr| cant conprises a ref rigerant eg. tet rafI uor oet hane and a | ubricant
oil. The lubricant oil is a fluorine containing compound or a lubricating
conposition 5 containing the fluorine containg conpound. EP-A-475393
describes a lubricant and a grease congosition containing the lubricant and
fluororesin for a ceramic material. The lubricant conprises 99-0% by wei ght
of a perfluoropol yether -and 1-100% by wei ght of a termnal-nodified .
hal ogenat ed pol yet her 10 15 20 25 30 |l a This -
Sheet Has Be ed erfluyoro her grease but no

ot her typewdg‘ ibﬁ% “§ﬁpoly§ eﬁ\oigggfgseg) 8 Hég yé’elqgﬁP?et%th for use in a
refrigeration syER-&32178 desdvrbes:afmbncsmlrﬁomsem arefidgeratjen systene dThe-

tetrafl uor t o r Iuorlne
cont ai ni ngﬂ%g%p?t@tﬁcndgﬁﬂls@s L?’QL#&%& Ole raﬂJct}Seth{(H% zln(&%%br%gntt bif, Ré

fluorine chhrigani mb-smunaont@nmgmmgmﬁ @r@sl@bn@rémga:ommsmant and a

grease FOﬁggﬁﬂa{m@t}ﬁ%ﬁh@b&gmhggmh nldcant and fluororesin for a ceramc
materi a

‘The | ojpr ] ses 0% wei ght of a, perfl uoro ol yet her
and 1-100% by Wﬁ 3735 équslu%mtﬁﬂ%msrfa%@@mww Pethe10 15 20
25 30 35 [ gubricant and fluororesin for a ceramic material. The lubricant comprises 99-0% by

weight of a perfluoropolyether and 1- 100% by weight of a terminal-modified

halogenated polyether -
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2 ‘conprising (1) A lubricating base oil, and (2) a nonofunctionalized
per fl uoropol yether derivative of general formula 5

[err] when RF is a perfluoropol yether noiety w h average nol ecul ar wei ght
in the range of from 135 to 20,000, and Z is a functional group. The base

~oil may be a conventional hydrocarbon base oil 10 prepared by sol vent.

extraction of fractions produced in the refining of crude oil. It may al so
be a synthetic hydgo gggg base oil produced by pol ynerisation.
Alternatively, it may 1ncfude a synthetic ester base oil. For the purposes

of the present in¥&htiénlubrinatdngibasemitlaisnd a conventional 15

mul tifunctional aggiti \éemQﬁ&ﬂiﬁﬂ%xorﬂﬁzﬁ QUPEIRbrépo1Fe bRt laupivaRely gfgher
moiety. In this specification "perfluorinated" is to be understood as

corresponding to corrpoGﬁBSr?]n £RRPe}? t he major part of any hydrogen atons
are replaced b fluorine atons, e.g. nore t regnz70% of the 20 hydr ogen

atons are replaced by fluorine atons I|ev d.that. the best results
will be obtained with c‘,'g %“hd? Wﬁefﬁ]"é"rré’%@ﬁ%ﬁe’f g'loy uo%?navteéag The

per fl uoropol yet her noi mbyeq:mea‘rewatglyc ashanrargerafyérom|idsut@r200edqhend 1Z t he
range of from 250 to 7QQO, RJ{ %h{g_(om 25 400 to 2500 as expl ai ned
bel ow. The perfl uor opol et her I e Fonsists of a chain of

per f | uor oal koxy groupsTi Erh##ﬁapebl w baa corveprianad Bydrocarhasy baskyilgr oup

e.g. a CX2 grooip, pYbsh@aeBs sdilvet iektraction of fractions produced in the
refining of crude oil. It may also be a synthetic hydrocarbon
base oil produced by polymerisation. Alternatively, it may
include a synthetic ester base oil. Foxr the purposes of the
present invention, a base o0il contains a conventional

15 multifunctional additive package.

The Group Rf is a perfluoropolyether moiety. In this
specification "perfluorinated" is to be understood as
corresponding to compounds in which the major part of any hydrogen
atoms are replaced by fluorine atoms, e.g. more than 70% of the

20 hydrogen atoms are replaced by fluorine atoms. It is believed
that the best results will be obtained with compounds which are
compietely fluorinated.

The perfluoropolyetﬁer moiety preferably has an average
molecular weight in the rénge of from 250 to 7000, especially from

25 400 to 2500 as explained below.

The perfluoropolyether moiety Rp consists of a chain of
perfluorcalkoxy groups terminated at one end with a a
perfluorocalkyl groﬁp e.g. a CXy group, where each of X is -
separately F or CF3. Preferably CXy is -CF(CF3) or CFy, more

30 preferably CFy. The perfluoroalkoxy group may suitably be
perfluoromethoxy -(CF20)-, perfluoroethoxy -(CFy-CFy-0)- or
perfluoropropoxy -(CFyCF(CF3)0)-. The perfluoropolyether chain
may comprise one of the aforementioned perfluorcalkoxy groups or a
combination thereof. Where it is desired to have two or more

35 different groups, suitably the chain c?mprises a mixture of either
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separately F or CF3. Preferably CX2 is -CF(CF3) or CF2, nore 30

preferably CF2. The perfluoroal koxy group nay suitably be perfl uoronet hoxy
[err] perfluoroethoxy [err] or perfluoropropoxysz[err]. The

per fl uoropol yet her chain may conprise one of the aforenentioned

per fl uoroal koxy groups or a conbination thereof. Were it is desired to
"have two or nore 35 different groups, suitably the chain conprises a

m xture of either 3 (a) perfluoropropoxy and Eerfl uor?mat ho?%/&? or (b)
per f | uor oet hoxy ah® PErfIRmOBTEPHYX $°gPEGHLMOT PRt 8FofP) RETEIRPTRP KRR
groups in the chaimd PRy fBuddcalkNobe gkdupshe Thangriofof thm A6 hlkexyl g28ups
preferably 5:1 to

1:5. 5 | Th t] | | tab
carboxylic acid of® aé‘(?afl%’s&lméé' es‘éjélgP{y;Sgu’jﬁ?Qﬁﬂ trg?rlgeu!t% ifsg?g%/ Z?:J%a% Egﬁ;ﬁ :

ester, an am de, préfiearbky,5:a hydi:oxy nethyl, an al koxy, an al koxy methyl
or a polyol etgier funcijg '&%o a\‘ihgl’:&.z '.faya&-%iﬂ bfeugctHz%@ 14 nefa 1TBY
y(al ,yTen 0 ae N I F a

be derived froma 10 pol | such as pol yal kyl'ene glycol’,
pol yal kyl ene al cohctarbasnlate salyiarobmi eAbtexnatively. & may Rl ol esfech ams

pol yvinyl  al cohol gn#geToy R}HRxHES HeGiVRS hd@N 2Andd1RRY| SGIKESy AetidiOby
The pol y(al kyl ene oxi de may have ‘a”terim nal “hydroxy group. 15
Where Z is an ani 8PFYALt $Y1ex Fygetipnadd$ysuit ably be derived fromthe

af orenmenti oned pol y(al e @& 9¥i £e)escdOfuad diyhaliey AT map| o ldee VGO TASHS a

having a termpal 1 N oup. | so be derived ftrom a priJjmr r
se\élongary ani nd(;, B® .(ag%?%?n"ﬁéerg%-“‘lat%r%"ﬁ@%ﬁ‘@ g?ehétt"y -'Za’Pg‘l’g?ﬁlé?' ﬁeélf
froman ester of al@bol switofasnpéliyinabucpee fdladrdpodsy at helydasbdxylsi-p acid
and a hydroxy tergifnghad npehupct 'z?ﬂ?) 2P0 2! dortene sabyCH a12h126héh as

conponent
octanol. The poly(alkylene oxide) may have a terminal hydroxy

group.

15 ' Where Z is an amide functionality, Z may suitably be derived
from the aforementioned poly(alkylene oxide), polyalkylene and
polyol compounds having a terminal amine group. Z may also be
derived from a primary or secondary amine, e.g. octylamine.

It is preferred that Rp-Z is obtained from an ester of a

20 monofunctional perfluoropolyether carboxylic acid and a hydroxy
terminated monofunctional polyalkylene glycol. The acid component
of the ester consists of a perfluoropolyether chain terminated at
one end by a perfluoroalkoxy group and at the other end by a -
CF2C0O0- group.

25 Where Rp-Z of the present invention is a perfluoropolyether
ester, these may be made as disclosed in .our copending European

' patent application 92308961.9 (BP Case 7625). As disclosed in the
above-identified application, the ester m.ay be made by reacting
the acid and hydroxy components using conventional esterification

30 techniques, for example, using the acid chloride as an

 intermediate and employing non-aqueous conditions.
The perfluoropolyether carboxylic acid used to make the
polyester suitably has an average molecular weight in the range of
from 180 to 7000, preferably from 445 to 2545. As explained in

35 the above-mentioned application, the hydroxy terminated
the replacement sheet
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of 'the ester consists of .a perfluoropolyether chain terninated at one end
by a perfluoroal koxy group and at the other end by a - [err] group. 25
Where RF-Z of the present invention is a perflugfopolyether ester, these
may be made as disclosed in our copendi ng European patent appllcatlon
92308961.9 (BP Case 7625). As disclosed in the above-identified
application, the ester may be nmade by reacting the acid and hydroxy

conmponents using conventional esterification 30 technlques for exanpl e,
using the acid chiRtydeliaglenn owided ntnf she aahdl ABRAPIGHARY R5RducAteaEs

condi tions. The paﬁifadcuewmwsimg RSURAXYS WEctaGl @lmgseelftnmzamrt RBights

pol yester suitably | tgs an averatq_e nol ecul ar  wei ﬁ if uﬂ t he gg e .of from 180
to 7000, preferabl‘?’ r BR% PFSPPETIONBaviRg g,&ivel fatpquiagoielepfibeing

above- ment i oned apdilsite fbu e, ohfﬁdhydr.ﬁxlys s ariaxaied or péalpehi¢al kyhene

oxi de) and thegaci d.are. norma o as m xt yres._con nol ecul es
with.a.range of moTREsELFT \Xﬁl"é‘?ﬁ%lsae\ﬂn ‘fftf% Mo BEY th%n. %“\‘/gle%gg%qg"l ven

nol ecul ar wei ght b@lsngpdicst ipbuyedotroreredmaney desospacrrometuyn ofhpeak

val ue. The 5 AL oGl dP: 200l ShALES AR (RS, TERASLE Sl DY, |iger

desorption ion cyc tron resonance na ctrorretry The nol ecul ar wei ght
corresponding to t%rﬁé‘ak("l?#ei H%91§Fg¥ﬂi1 WF’SEhFhe average (node) nol ecul ar

wei ght. The hydroxy or ﬁm B§dtSiyToRadihe COIRORRBE csu-pwawsbaeaa Hd) an
aver age nol ec bar WEI the ran? 31 to 3500, refe 50.to 12 98
Wiere it is-déSi re‘H’P‘F g‘ﬁé’é‘? gAY e EReFhE, a9 oty epﬁférab y U to

per f 1l uor opol yet her2088t eryheire 8 \isbaesinda hyueacpdlqr(abﬁy]adeybﬁ&e)ow de with
a starter molecul g rs %ape %:%enggpﬁrxlzglrbpoq.%rggﬁeorl es Ilar, l{[ aEin ‘be made by reaction
of alkylene oxide with a starter molecule such as methanol,
ethanol or butanol. |
16 The luBricating 0il composition can be prepared by mixing
the base oil with the perfluoropolyether additive, and any other
additives, by conventional methods. '

The amount of pexrfluoropolyether ester present in the
lubricating oil composition may, for example, be in the.range 50

20 to 5000 ppm, preferably 100 to 1500 ppm based on total weight of
lubricant. '

The lubricating oil composition of the present invention is
particularly suitable for use with spark ignition engines using a
gasoline fuel.

25 The invention will now be described with reference to the
following examples.
Example 1]
A perfluoropolyether ester was prepared as follows.
Perfluoropolyether carboxylic acid (30 g) commercially
30 available as "Galden" mono-acid was introduced into a reaction
vessel. The acid was a mono-functional carboxylic acid with the
carboxylic acid group attached to a perfluoropolyether chain. The
average molecular weight was determined by laser desorption ion
cyclotron resonance mass spectroscopy to be about 1100.

35 Phosphorus pentachloride was added at room temperature (ca
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15° The lubricating oil conposition can be prepared by m xing the
base oil with the perfluoropolyether additive, and any other additives, by
conventional mnethods. The anmpunt of perfluoropolgyether ester present in the
lubricating oil conposition may, for exanple, be in the. range 50 20. to
5000 ppm preferably 100 to 1500 ppm based on total weight of lubricant.
The lubricating oil conposition of the present invention is particularly

suitabl e for use vgth's ark ignition engines, usin asoline fuel. 25
AR

S, g a,ga;
The i nvention il QoS BPFHUATRAeHE FEFLE SAE EVPLIEIRR FBRISSW
exanpl es. Exanpl e dont pef fphuspligrok ypdritechleside addesl paefaleg. aghé dy-ows. .
Per f | uor opol yet her__ carboxylic acid (30 G | al 0 Ilable as
"Gal den" - nono- aci & r\ﬁggc?snt(rp oﬂﬁ@?&uls n?ﬁ?cgi?relggrﬁéﬁ 'Vggge%moﬁ%\g c?\élapv‘\’égghm
nmono-f uncti onal carcbdrgve chacadidvchhorilde. car boxylic acid group attached to

fl | et h ' - | pght )l ned b
a perf | uoropol get her - chaiyy TP ANCLAAS TloGaAL WEhBH!(NGSeri ety U ned by

| aser desorption ion c I'otron” reso €" mass spectroscopy t about
1100. 35 PRasprialusopetr sud|Ridrs hesingriedverageoned acakpe metghe

(ca ~ [err] to thg BS6f{pter 9s6f ivils Uidel @ABhEURIAIChOO: LRAZED2 FNCadFBER!
of phosphorus pent achlgrl de adTed was 7.6 g, Thggb%- Pt odggés Sgp osphor us
oxychl ori de, HO) SREPEX3WHSved My Pedkgolequlan “eleh a8 M EEGAST ¥4t ori de. 5
Pol y(et hyl ene gl yaitprnnieamesiyd abbier3gé2. 0 g) froma comercial source and
201,20 "2kl oS euer oA WLeBL LI R B LR 1
of the PEG 350 wasleared on standing. HCl produced as a by-product was removed by
applying reduced preséure.
The'resulting product had an infrared absorption band at
1790cm~1. NMR ‘spectroscopy showed that the reaction product was a
15 mixture of the required ester and a small amount (25%) of
unreacted poly(ethylene glycol) monomethyl ether.
Example la: Engine Test
The ester prepared as above was blended into a SAE 30
monograde crankcase oil to give an ester coutent of 200 ppm based
20  on weight of oil. This was a conventional hydrocarbon base oil
prepared by standard solvent extraction techniques and contained
additives conventionally used in crankcase oils.
The lubricating oil treated with the novel additive was
evaluated in single cylinder engine tests, back to back with the
25 untreated lubricating oil. The test method used was a screening
test devised to simulated the emissions performance, in terms of
unburnt hydrocarbon (HC), of a modern vehicle fitted with a
catalytic converter, when driven over the ECE 15.04 + EUDC drive
cycle. The tests were carried out at an engine speed of 1500rpm,
30 with the engine oil, coolant and intake air all controlled to a
constant temperature of 30 degrees C. This test was chosen
because the majority of HC emissions from catalyst vehicles occur
during' the early stages of operation, before the vehicle has
warmed up. The fuel used for this work was a conventional

35 gasoline containing 40% aromatics by volume. Emissions were
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determ ned to.be about 384. 10 The reaction mxture was initially
m | ky, but quickly cleared on standing. HC produced as a by-product was
renoved by applying reduced pressure. The resul i ng product had an infrared
absorption band at [err]. NWR spectroscopy showed that the reaction product
was a 15 m xture of the required ester and a small anount (25% of
‘unreacted pol y(ethyl ene- gl ycol) nnnonethyl et her. Exanple |a: Engine Test

The ester prepared as aho ed into a SAE:3Q npnoy rade cy ankcase
T to o v o Ref R U110 SIS ot ToRR ikl AP OECarm deretor <

was a conventi onabvéwy cr magé)@li e@gaeoidadpcamcsd\sbyfmnandber dosthneent
extraction techni ﬂg&isc th Qr&ﬂ ned additives conventionally used in
crankcase oil s. Sbri catl ng oil treated with the novel additive was

eval uat ed i n si ngExampllei Ader engi ne tests, back to back with the 25

untreated |ubrgcating Qh' expel3Red €3hs @&?9&1 H&@Qs"‘?& ERafFTLENE NG e ac
devised to sinulated the em ssions performance, in terns of unburnt

hydr ocar bon (HC), te? %anbier @fvesnilrerapolysihetiastien added  §a ithe dotwisatdng
when driven over bie JacE8dd poth tndedX ofr RO® poicl €. The tests were carried

out at an engi ne ﬁﬁeed of 1300rpm 30 with the engine oil, coolant and

intake air all conti% Ednst ant tenperature of 30 degrees C. This

test was chosen becausént érgime| oédtt yaofcakfiedmwtsiaonin Eramplealal exskpvahiacl es

oceur durlng fde efl 2! 86CIRL. QRE! A pebaBELRifedlE JEILC) € has val imed
or I S wor

up. The fuel used was a convent asol I ne containing
40% aromati cs by vol umd. conparéseomed Cher yesultg fﬂ?a@‘tl'rpéaaﬁ‘fﬁcfrew g vE by

conventional flamg,dQniesatE:QRpd&d GCLAE )2 showed that a reduction in hydrocarbon
emiseions of between 100 to 150 ppm (methane equivalent) was found
using 200 ppm of additive in Example 1, while a reduction of 150
15  to 200 ppm in hydrocarbon emissions was found using 800 ppm of
additive in Example 2.

The emission reduction obtained in Examples 1 and 2 is a
reduction of between 5 and 10% of the total hydrocarbon emission.
Example 3

20 An engine test was carried out as in Example 1. However,
instead of using a perfluoropolyether ester at a dosage of 200 ppm
in the lubricating oil, a perfluoropolyether alcohol was used at a
dosage rate of 1100 ppm based on weight of lubricating oil. The
perfluoropolyether alcohol was a commercially available product
25  available under the trade name "Galden" alcohol.
The alcohol corresponded to the formula
CF30(CFoCF(CF3)0)y (CF20), CFCH,0H
"with a ratio of m:n of 1:20 and a molecular weight of about 700.
Reduction in hydrocarbon emissions was obtained using the
30 alcohol, varying between 50 and 150 ppm (methane equivalent).
Example 4. )

A mixture of perfluoropolyether carboxylic acid (56.5 g)
commercially available as "Galden" mono-acid, corresponding to the
formula

35 CF30(CF(CF3)CF50) 5 ¢(CF0)7 gCFoCOOH
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over a range of engine |oad conditions, fromidle to three quarters
throttle. Exanple 2 5 An experinment was carried out as in Exanple 1
except that the quantity of perfluoropol yether gster added to the

| ubricating oil was 800 ppminstead of 200 ppm Conparative Test A An
engine test was carried out as in Exanple | a except that 10 t he | ube oi
contai ned no perfluoropol yether ester. A conparison of the results for

Conparative Test A évith ihose for Exampl ei gnd 2.showed that a reduction
in hydrocarbon enif88ibReIpfalFLtRE* 18D ebelsd HhE MecRaFt iequis SeEdtdednas
found using 200 ppm TdbladdidndvbBendenEX (THPME) Iervipllaced iheduslo ab und50 15
to 200 ppmin hydtocarbgn L, SSI ons s .found usin 00.p f_addifive in
Exanpl e 2. The emﬂ’ggﬁ"gﬁ rfe%lfct'i%?lul(?gvgiwﬁé a|‘(ri1£e e‘f‘r"?%l%saq'll_< ‘gan(f(%zs?psarg ton
reduction of betwssit sagrygingno¢fRihtentorafluxydergensisontehts ypper emiamihe 3
20 AN engi 18, L. 63 | tndfeblt EXAMREIRJe p1HONGNEL unes

i nstead of using ak%%rr%l u%sr \gggﬁ&g%{]grggeggtge?aa%?ha dosage?laf 500 %\glﬁg}gnunttﬁtla _
lubricating oil, &° MPIW%pGPi:’eqcﬁe# Hl shaslatensepaiadont JIhgoResene Has of

1100 ppm based onr iRVl bPleviadbfdGa3hi Qilie?! tedulbBE pREESUrdOr QPR ¥&4 hr al cohol
was a commercially avail abl e product, 25 avai |l abl e under the trade nane

"Cal den" al cohol . SRHRFTAFEYR0LOREITMEd pEhifte b FeHRIOP FEAGEEE By PhenFegtiyed

ratio of mn of le2€rand a nolecul ar weight of about 700. Reduction in
Dy ocat bon off o 015 463 ANALIRY MBS0 ol he AILINY B8 550
per f | uor opol yet hefessmibes it Example &b ve)andothrereswliting momppsitiiensgised
" Gal. den” nono-aci ¢o IQBEE@%OQd{:%-EQg{&e, again as described in Example la
except that the lubricant 'used was a conventional 10W40 multigrade
lubricant and the additive concentration was 250ppm by weight.

15  The level of hydrocarbon emissions measured during the test,
compared with the results obtained with the same fuel and
untreated lubricating oil is detailed for each ester composition
in Table 1. '
Example 5 _

20 The procedure of E'xample 4 was repeated using
pexrfluoropolyether carboxylic acids of average molecular weight
1100 and 5000 rather than the "Galden" mono-acid. These were
tested at 300 and 930 ppm respectively. Details of the resulting
hydrocarbon emission values are given in Table 2.

25  Example 6 . | |

The procedure of Example 4 was repeated using an aleohol in
Place of the poly(alkylene oxide) alcohol. Details of the alcohol
and the resulting hydrocarbon emission valles are given in Table
2.

30 Example 7

To verify that the test method used as disclosed in Example
la was a valid screening procedure for the novel type of additive
described, full ECE 15.04 + EUDC emissions tests were carried out
on two catalyst vehicles with untreated and treated lubricating

35 oils. The test was carried out on a composition prepared using
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fornula 35 ' ‘ Jerr] 7 and a pol y(al kyl ene oxi de) al cohol
in the mass ratios as detailed in Table 1 and benzene (75 m) were placed
in a 500 m round bottoned flask, equipped wgth a Dean and Stark water
separation unit carrying an efficient reflux condenser at its upper end.
The 5. mxture was refluxed using a magnetic stirrer/hot plate unit until
no nore water collected in the water separator. The benzene was - renoved

by evaporation unefged adusds m@ﬁﬁw 9) chls\/Bhék@dx thBpth‘aé Q%E&QYofCQcﬁfi rmed
that the reacti on, ogg.pggc&as\r{:@‘sreduc negHIPE c1q:' &S‘.han t:esr.etc)l vasi.nﬁ %X}ﬁgf ;elsgl té.lbg\g/e

esters were blended Into t case oi €scCri
and the resul ting®dotioafqichyrs censeprrebion afr fxazle 4a (TBese Epfisrereagai n as

descri bed i n Exangreiddacex eepital hitfotheihashior catk caxyddostasaca conventi onal

LOWAO mul 1 gr e duibiqacas. and 1ines RUslzbla(ec6006 A Ittad G 220D DY

weight. 15  The | oca m ssions measured during the test,
conpared with the" res 4 {%édr&%ir P‘héén\ﬁ’t ® {OFReT sg‘ﬁ’éa % EeRESYeRRE r EBitsed

| ubricating oil |%’“€Félma1‘$ &Hatf ghe saxreniogt wist geatpwrsi Yaldd. | A skalll e 1. Exanpl e
5 20 The mpesadede (ofy Exaedn! E'coAton\m ARSI AAVES]T NMbse work pas

per fl uoropol yet he{ls&@%@&ﬁl‘iq :ﬁemagatg)ve aY, ereg%ni%%‘gsc Lgr e\s(e!é h 1ggdaggo

5000 rather t &‘t
ppm respective y. Ve 157 | Ry oy f‘hsé‘a?'lé&ﬁ”f"i“}‘?g hydr ocar bon em ssion val ues are

given in Table me&aﬂq:lse_G The procedure of Exanple 4 was repeat ed
using an alcohol in The procedure of Example &4 was repeated using CgFj;9gCOOH

rather than the “Galden" monoc-acid and a poly(alkylene oxide)
alcohol. Details of the poly(alkylene oxide) alcohol and the

15  resulting hydrocarbon emission values are givenm in Table 2.

TABLE 1
REACTANT REACTANT:ACID HYDROCARBON EMISSION (¢3)
20 : ) (mass ratio)
HO(CHy CH,0) 1 CH3 ne7 0.44:1 -5
HO(CHyCH20) ,CH3 n= 16 0.96:1 -8
HO(CHyCH20) ,CH3 n = 45 2.00:1 -8
25 HO(CH2CH20)nC4H9 n=- 21 1.25:1 <4
HO(CHy CH20) 1G4 Hg n = 30 1.80:1 -1
HO(CHaCHp0) 1 CeHls . mn = & 0.36:1 -6
HO(CHpCH(CH3)0) ,C4Hg m = 22 1.71:1 -4
30
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pl'ace of the poly(al kyl ene oxide) al cohol. Details of the alcohol and the
resul ti ng hydrocarbon em ssion values are given in Table 2. 30 Exanple 7
To verify that the test nethod used as di sclgsed in Exanple la was a valid
screeni ng procedure for the novel type of additive described, full ECE
15.04 + EUDC emi ssions tests were carried out on two catal yst vehicles with
untreated and treated | ubricating 35 oils. The test was carried out on a
conposition prepared using Gal den acid and [err] where n is 16. The
effect of this additive was a reducti on IA3LEEZ of 8% when tested using the
base oil and additive capgepinmti on of Exsgpher:4cipl hessrpkesRioMaesSRNI t:8d
out a total of four tines for each car/luybrican{t 5 conbi nation. One
vehicl e denonstrated an i nprovement of 488358 T#E%r nt hydr ocar bon whil st the
ot her showed 8%io(gLoNgMRIBH; thus confirm ng that the screening test used
was val i d. sma) |, iLQpr 2N 0 inm-fiel eoogmny was al sosobserved.
Test work haé\ al S%As,ﬁ%%/)lm%¥ﬁgf Elr]ié&)a ditive reduces em ssions from
non- cat al yst 10 vehi cl es but by a snmaller ambunt. Conparative Test B The
procedure of EXﬁ@stcﬂ?d)%&Hﬁ epeatedyjusing [err] rather than the "Gal den”
nono-acid and a poly kyl ene | de cofol . bejqapl s of the_poly(al kyl ene
& °11}"/>'g tr"egﬁb‘glh WS o BRL P

oxi de) al cohol antl 4 g..hydrocarbon em ssion values are given

in Table 2. TABLE 1 REACTANT : REACTANT ACI D
HYDROCARBOM &M g, (%9 20 . 0.16:1 -3 (mass
ratio) [err 0.44:1 -5 [err] n -
16 0.94:1 -8
HO(CHyCH20),CH3 )
+ CgF79COOH ) n=16 0.46:1 +9
15 _ A=F(CF(CF3)CF50) mcf‘(cr‘_,,)coori

The value of m can be calculated from the molecular weights
of A,

20

25
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- [err] n - 45 2.00:1 [err] n--:
21 1.25:1 -4 [err] ~.n - 30 -1.80:1
-1 [err] n- 4 0.34:1 -6 [err] n- 22
1.71:1 -4 30735 Craims 1. —A lubricating oil conposition

conprising a base oil and a d characterised by conprising
a conposition for use in an |mm“m{|mﬁmmron engi ne conprising (1) a
hydr ocarbon or ester base oil* a&ndt5 " (2) *a nonofunctionalised
perfluoropol yether derivative of general formula RF-Z where [err] is a
perfl uoropol yether noiety with average nol ecul ar weig ai e range of
from 135 to 20,000, and Z is a functional group. 2. %ting oi
according to Claim1l in which the perfluoropol yether noiety 10 consi sts
of a chain of perfluoroal koxy groups terdinated at one end with a
perfluoroal kyl group. 3. A lubricating oil according to Caim.2 wherein
perfluoroal kyl group is CF [err]. 4. A lubricating oil according to Caim
2 wherein the perfluoroal kyl group is 15 [err]. 5. A lubricating oi
according to any one of Clains 2 to 4 in which the perfluoroal koxy groups
are perfluoronethoxy, perfluoroethoxy, perfluoropropoxy or a conbination
thereof. 6. A lubricating oil according to any one of the precedi ng clains
in which Zis a 20 - carboxylic acid, a carboxylate salt, an ester, an
am de, a hydroxy, a hydroxy ‘methyl, an al koxy, an al koxy nmethyl or a polyol
et her functi y.

1. Alubricating oil composition comprising a base oil and a perfluoro

compound characterised by comprising a composition for use in an internal
combustion engine comprising |
(1) ahydrocarbon or ester base oil, and .
5 (2) amonofunctionalised perfluoropolyether derivative of general formula
_ _ RE-2 '
where RF is a perfluoropolyether moiety with average molecular weight in the
range of from 135 to 20,000, and Z is a functional group.
2. A lubricating oil according to Claim 1 in which the perfluoropolyether moiety
10 consists of a chain of perfluoroalkoxy groups terminated at one end with a
perfluoroalkyl group.- .
3. Alubricating oil according to Claim 2 wherein perfluoroalkyl group is
CF(CF3). '
4.  Alubricating oil according to Claim 2 wherein the perfluoroalkyl group iS
15 CFj. . _
5. Alubricating oil according to any one of Claims 2 to 4 in which the
pérﬂuoroalkoxy groups are perfluoromethoxy, pe'rﬂuoroet,hoxy, perfluoropropoxy
or a combination thereof: .
6. A lubricating oil according to any one of the preceding claims in which Z is a
20  carboxylic acid, a carboxylafe salt, an ester, an amide, a hydroxy, a hydroxy
methyl, an alkoxy, an alkoxy methyl or a polyol ether functionality.
7.  Alubricating oil according to Claim 6 in which Z is an ester group.
8. Alubricating oil according to Claim 7 obtained from an ester of a
monofunctional perfluoropolyether carboxylic acid and a hydroxy terminated
25  monofunctional polyalkylene glycol.
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Al ubricating oil according to Caim?7 obtained froman ester of a
monof unct i onal perfl uoropol yet her carboxylic acid and a hydroxy termn nated

25 nonofunctional pol yal kytenegtycot— [errT 12: 9. A net hod of
reduci ng em ssions of unbur oduced. from an i nter nal
combustion engine invol vi ngrmlmﬂ mamﬁnﬂmﬂl conposi tion wherein said

lubricating oil conposition conprides"(i} a lubricating base oil, and 5
(ii) a nmonofunctionalised perfluoropolyether derivative of general formula
RF-Z where RF is a perfluoropol yether noi ety Wi th aver§ ecul ar wei ght
in the range of from 135 to 20,000, and Z is a functi 10. Use in

the reduction of em ssion of unburnt hydrocarbons froman internal 10
conbustion engine involving a lubricatind(base oil of a |ubricant oi
conprising a nonofunctionalised perfluoropol yether of general formula RF-Z
where [err] is a perfluoropol yether. noiety with average nol ecul ar wei ght in
the range of from 135 to 20,000, and Z is a functional group. 15 11 A
met hod or use according to claim9 or 10 wherein said lubricating oil
conposition is as clainmed in any one of clains 1-8. 20 25 30 35

Claims
1. Alubricating oil composition comprising a base oil and a perfluoro
compound characterised by comprising a composition for use in an internal
combustion engine comprising
(1) ahydrocarbon or ester base oil, and .
5 (2) amonofunctionalised perfluoropolyether derivative of general formula
RE-2 '
where RF isa perﬂuoropolyether moiety with average molecular weight in the
range of from 135 to 20,000, and Z is a functional group.
2. A lubricating oil according to Claim 1 in which the perfluoropolyether moiety
10 consists of a chain of perfluoroalkoxy groups terminated at one end with a
perfluoroalkyl group.- .
3. Alubricating oil according to Claim 2 wherein perfluoroalkyl group is
CF(CF3). ' _
4.  Alubricating oil according to Claim 2 wherein the perfluoroalkyl group is
15 CFj. . _
5. Alubricating oil according to any one of Claims 2 to 4 in which the
pérﬂuoroalkoxy groups are perfluoromethoxy, pe'rﬂuoroet,hoxy, perfluoropropoxy
or a combination thereof: .
6. A lubricating oil according to any one of the preceding claims in which Z is a
20  carboxylic acid, a carboxylafe salt, an ester, an amide, a hydroxy, a hydroxy
methyl, an alkoxy, an alkoxy methyl or a polyol ether functionality.
7.  Alubricating oil according to Claim 6 in which Z is an ester group.
8. Alubricating oil according to Claim 7 obtained from an ester of a
monofunctional perfluoropolyether carboxylic acid and a hydroxy terminated
25  monofunctional polyalkylene glycol.
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9. ° A nethod of reduci ng em ssions of unburnt hydrocar m -
‘an internal conbustion engine involving a |ubricating Oiﬂmi ““ﬁ nﬂl&ﬂ“.
wherein said lubricating oil conpositiofyconprises (i) ricats ng base
oil, and 5 (ii) a nonofunctionalised perfluoropol yether derivative of
general formula [err] where RF irs a perfluoropol yether noiety with average
nol ecular weight in the range of from 135 to 20,000, and Z is a functional
group. 10. Use in the reduction of em ssion of unburnt hydrocarbons from an
i nternal 10 conbustion engine involving a |lubricating base oil of a

| ubricant oib CO%Eﬁ:bﬂ%f?ed%iﬂgfeﬁ%%h@?ﬂle:{bEg{? h%ﬁ&ch%ﬁ??ﬁiﬁ@é&l‘?&m gh general

formula RF-Z, wherge I's a perT|uqr.opo ety W average nol ecul ar

RE A _ M,
wei ght in t hihtergaleonghustion grginpinyQlving a dbuicatigpibcorapasitiomwhereinatidgr oup. 15
11. A et hOdh(Urich!ﬁx‘ﬂ% 8t 66 Pbsebniddnptigdsm 9 or 10 wherein said [ubricating oil

conposition '(i ais1 1&;%%&3&&2 oﬁ’n%done of clainms 1-8. 20 25 30 35 12
5 (i) amonofunctionalised perfluoropolyether derivative of general formula
Rp-Z -

where RF is a perfluoropolyether moiety with average molecular weight in the
range of from 135 to 20,000, and Z is a functional group.
10. Use in the reduction of emission of unburnt hydrocarbons from an internal
10  combustion engine involving a lubricating base oil of a lubricant oil comprising a
monofunctionalised perfluoropolyether of general formula
Rp-Z
where Ry is a perfluoropolyether moiety with average molecular weight in the
range of from 135 to 20,000, and Z is a functional group. .
15 11. A method or use according to claim 9 or 10 wherein said lubricating oil
composition is as claimed in any one of claims 1-8.

20
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