Lubricating G| Conposition FIELD OF THE | NVENTI ON The present
invention relates to autonotive lubricating oil conpositions, nore
especially to autonotive lubricating oil conpositions for use in

pi ston engi nes, especially gasoline (spark-ignited) and diesel
(conpression-ignited), crankcase |ubrication, such conpositions being
referred to as crankcase | ulimbeizatisg OilrfComapdsitéed ar, al t hough not
exclusively, the present invention relates to use of additives with
antiwear properties in autonotive |ubricating oil conpositions; and

t hat do n Y Rt e fluoroel astoner seals conpatibility
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is an orI used for general | ubrication in an internal conbusti on
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di hydrocar t hi ophosphate ZDDPs) are nost commonly used.
However , anﬂ:hwmgabp@hesofn stifopotive lelyrvating snlonomm;ltmounmd dfat do not

phosphorus in rankcase Iu ri cant.s he need to,
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descri bes phosphorus-free antiwear additives in the formof zinc

di t hi ocar bamat es, some of which are commercial |l y-avail abl e, such as
under t he BAGKIGROINE OF AHE ENFENTRONVan| ube AZ. Al so, Pal acios, J. M
Wear, 1987, 114, 41-49 and V.K. Verma el at, Lubrication Scrence 16
- 2, February 2004 (16) 195 - 203 report the use of zinc
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in lubricating oil conpositions is their adverse effect on the
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zi nc di t hupeRihamrkeRrd puibseh each anrno group is substituted with
at |l east one aryl group. Such zinc dithiocarbantes, when used in
lubricating oil conpositions, are found to provide the conposition
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expressed as pho orus ant” a functional group
derived fngﬁbansaronatrc rrng conpound mhere one hydrogen atomis
renoved fromthe ring. By "aliphatic' is neant a hydrocarbyl group in
whi ch the carbon atons are joined together in straight chains,
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report the use of zinc dithiocarbamates. A problem with use of such zine



According to a third aspect, the present invention provides a nethod
of lubricating surfaces of the conbustion chanber of an interna
conbustion engine during its operation conprising: providing in
respective mnor anounts, one or nore gdditives (B) as defined in the
first aspect of the invention in a mpj or amount of an oil of
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conbustion chanber; (iii) providing a hydrocarbon fuel in
conbustlonC@maﬁBbﬂme Hopigtpy pngieasbusti ng the fuel in the conbustlon
chanber. According to a fourth aspect, the present invention provides
the use of additive (B) as defined in the first aspect of the

i nventi on SUMNARY OF TERINVERIION operties of a lubricating oi
conposition w thout adversely affecting its fluoroel astoner
compatibility properties. In this specification, the follow ng wor ds
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the presence of stated features steps, or integers or conponents,
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may be enbgadadmpatibility. " conprlses or cognates, mhere|n "consi sts
essentially of' permts inclusion of substances not materially
affecting the characteristics of the conposition to which it applies;
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t he remai nder of the conpound directly via a carbon atom

"oil -soluble” or "oil-dispersible", or cognate terns, used herein do
not necessarlIyg?ndl&pg&bmeﬁmﬁﬁgvggﬂﬁ9%pg§mﬁﬁagggﬁg s are sol ubl e,
di ssol vabl e ib or are capable of bei'ng suspen ed in the oi

in all proportions. These do nean, however, that they are, for

exanpl e, sol ubl e or stabl dIS er5|ble in 0|I to an extent s ent
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enpl oyed. Moreover, ihedgeidbdbanats, N6 RosRh io@Ryéh, QhOehmaddibhy &s
may al so permt |ncorporat|on of higher levels of a particul af

addi tive, if desi reoﬁubs’fntai]edrwahmmtafyl naws 301 whbs agother myk ezrodp, aan
conposition; "m nornﬁrrﬁutnt neans )Igiess t han 50 nass % of a

conposi tion: "TBN' rERAENG gPEp o3 audr '‘as neasured by ASTM D2896;
"phosphorus content” is neasured by ASTM D5185; "sulfur content” is

measured by ASTM D2622; and
the composition havmg not greater than 1600, such as not greater than 1200, such as

not greater than 800, such as not greater than 500, ppm by mass of phosphorus,
expressed as phosphorus atoms. By ‘aryl’ is meant a fonctional group derived from an
aromatic ring compound where one hydrogen atom is removed from the ring. By
‘aliphatic’ is meant a hydrocarbyl group in which the carbon atoms are joined

together in straight chains, branched chains or non-aromatic rings.

According to a second aspect, the present invention provides a method of improving
the antiwear properties of a lubricating oil composition without adversely affecting its

fluoroelastomer compatibility properties comprising incorporating into the



"sul fated ash content” is nmeasured by ASTM D874. Also, it wll be
understood that various conmponents used, essential as well as optinal
and customary, may react under conditions of fornul ation, storage or
use and that the 5 invention also provides the product obtainable or
obtained as a result of any such reactBon. Further, it is understood
that any upper and |ower quantity, range and ratio limts set forth
her ei n nay chmpositdhep dnteprctiye wineb ametnts, DETAL TB: DRSCRS K5) GNefpedriaghe

| NVENTI ON Ige feét ées o&.the invention relating, where appropriate,
to each and SiPfPg %ﬂ FEV81""he invention, will now be described in
nore detail as follows: OL OF LUBRI CATI NG VI SCOSI TY (A) The oil of

| ubricating viscosity (sonetinmes referred to as "base stock” or "base
oi ") is tRecedingeioya thirduAspect,che presemnnvestion pramddscamethod i dulwisiatite

additives an ossiply other oils.are.blended, fo xanpl e t roduce
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for nakingoﬁgﬁ@ﬁnkm@ﬁgﬁgas wel | as for naking lubricating oi
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animal or mneral) and synthetic lubricating oils and m xtures
thereof It may r.ange_in..vi scosjty. fromli i Sti 145 | ~0L] S
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napht heni ¢ and m xedpfaésts;i ni c- napht henic types. G ls of lubricating
viscosity derived fromcoal or shale are al so useful base oils.
Synthetic lubricating oils include hydrocarbon oils such as

pol ynmeri zed and (iB nt e@ﬁ@@fd}ﬁgatﬁé E.\‘Bﬂcéalélgfo' olgrfg)ioﬁtimp Rl tho E%ﬂﬁ)lﬁﬂ@r? c}gimber;

pol ypr opyl enes, “propyl ene-7 sobuty e copolyners, chlorinate
pol ybut yl enes, pol y(1l-hexenes), poly(1l-octenes), poly(1l- decenes));

al kyl benzenes (e,g. dodecyl benzenes, tetradecy| benzenes,
dinonylbenzenes&“?G Hp(gﬁﬁt gﬁgﬁﬁp?ggﬁféﬁﬁ§?¥$ﬁ%P9ﬁH@WﬁF§m€e.g.

bi phenyl s, terphenyls, alkylated pol yphenols); and al kyl at ed di phenyl
et hers and al kyl ated di phenyl sulfides and the derivatives, anal ogues
and honol ogues (iler eafmbusiiy the fued iri thabbmbastias shapfibegynt het i ¢

| ubricating oils conprises the esters of dicarboxylic acids (e.g.

pht hal i ¢ aci.d, succinic acid, alkyl succinic acids and al kenyl

succini ¢ agidsaingRb 8iturdCdsfect AEEhAL defionSHOARELhAGES f HERREI(B) as
acid, fiimaric acid, adipic acid, linoleic acid dimer, malonic acid,
al kyl mal ondefirediidshe firdt emgdct o tieningerdgionde Jimpiavh the aalivesr proffertigs odttol s
(e.g. buty] . al cohol ,.. hexyl al cohaql,, dodecyl, al cohol - gt hylhexyl
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gl ycol). S@ﬁﬁ#ﬁ%ﬂﬂ?%ﬂﬁ@h@§ of these esters include dibutyl adipate,

di (2-ethyl hexyl) sebacate, di-n-hexyl fiimarate, dioctyl sebacate,

di i sooctyl azelate, diisodecyl azelate, dioctyl phthal ate, didecyl
pht hal at e, _dj. ei cosyl sebacat.e, .the 2-ethylhexyl di.es 0 inoleic
el d-df et It GRPEREC TR AR BorRs S Bl o eiere. A She’tsteigp e
sebaci ¢ acjfayhidnstMeediRigs of tetraethylene glycol and two noles of

2- et hyl hexanoi c  acid. Esters useful as synthetic oils also include
t hose made from C5 to Cl12 nonocar boxylic acids and polyols, and

pol yol ethers suych as neppentyl.. al.yco tri.oet hyl ol ane,. ,.
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Unrefined, refigggand re-refined oils can be used in the

conposi tions of the present invention. Unrefined oils are those
obtained directly froma natural or synthetic source w thout further

“comprising” or any cognate word specifies the presence of stated features,
steps, or integers or components, but does not preclude the presence or

addition of one or more other features, steps, integers, components or groups



7 additionally processed by techniques for approval of spent additive
and oil breakdown products. Oher exanples of base oil are
gas-to-liquid ("GIL") base oils, i.e. the base oil may be an oil
derived from Fi scher-Tropsch synt hesi sed hydrocarbons nade from

synt hesi s gas containing H2 and CO using a Fi scher-Tropsch catal yst.
These hydrocarbons typically require further processing in order to
be useful as a béb@fe@é) | Therapressiensifensisthes) oméyonsioy eamintisitiso K@ \Whgales

the art, be hydrqj rized: hydrocracked.and hydroi somerized; ——
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oil of lubricati Ecg Vi sc_}g_si t@e %rgguuse@éwﬁgoggﬁéé%%%%ﬁ%ﬂe%%a?@ a?@?&i}g e
present in a concefmeiansics of i ngmpoenitiont to (which it afpliespn 30 to 70, such as
40 to 60, mass % to give a concentrate containing for exanple 1 to
90, such as 10 to 80, preferably 20 to 80, nore preferably 20 to 70,
mass % acti ve i nghedtbemby'0findals addich; Ltd 1 .
conponents (B) abojgg, Opxti onal | y% ?ﬁ&g@uﬁgﬁ%rdg gp%dggr;m?%%?}m%y
oi | of |ubricati AypRECEY wabonssems, or elsonaemns tat doinst affa theadsba@tially

ol eagi nous, typi drocarbon, carrier,fluid, e.g. mneral

| ubricating oil, %%?IJD% E})e{lrnagllf?toggfe’egrg@’ tthatcs |bendad 10 fbe remaginggy of the
viscosity such asolpaedidiesdynds eicitbomtowe! | as al i phatic, naphthenic,
and aromati c hydrocarbons, are exanples of suitable carrier fluids
for concentrates. Concentrates constitute a conveni ent neans of
handl i ng addi ti ves;. £ g -.as well as facilitating,.so|ution
or di spersion of @ogld%?{&?éeg}rﬁoﬂ] %gjr%l?%% i'ng 3?@&@%&%?1 {shdierojp el not
preparing a | ubrheatshrily indicate ohqaisé tdmaubfiabr bRk A% e, LAARPVARE
type of additive gs]gﬁ’reti me referred to as "additive corrponents"B, ’
each additive nmedS5R% AEYEFapakicRf bswgsisneadsy in dhetil inralltphepdrbomm dhese

concentrate. In | Astang e LI 1S ¢ eni ent. t.o proyide
a so-cal | ed addi ({[qi@%ad’ glgc kag’gﬁlat(%i Egso f{édfr ee?(%nel%l%’t Sé)%% © 8%52@3858%8§Y‘3 1
conpri sing one ot woaeextent adfficidny &sexestuthbir agerdies cHeQad theERiRaikEl i

in a single concentrate.. .8 The lubricating oil conposition of the

i nvention may be‘s}ﬂ}fﬂb@?ﬁd% 18 ?lflglﬁg%sg/g),r?gvew%bq]a@ﬂq@o mpprpration of other
co-additives, su@RitRes ISSChisH rei 1S pr rati on may. be
acconpl i shed by addi nsg t he gdgﬁ@geﬁwg%t%% O;Egﬁlglﬁéé %’?‘%509 Bﬁ’aﬁ%‘é’ile}’ig

it in the form cddiiveoghdesiried;at e t hereof to di sperse or dissolve the
additive. Additives may be added to the oil by any nethod known to
those skilled in the art, either before, at the same time as, or
after addition OagirhefouacGhdah f | of lubricating
viscosity is pr ese%{ in an am%ﬁ?mggtﬁroggtﬁg%aﬁtah%%ﬁ)gghbr%’ss % nore
preferably greater than 60 mass % even nore preferably greater than
65 mass % based. notqleu}lqt al ss,, of @he Ia#bri cating. oil

conposi tion. PrefSrABHP Y HaFagy {sgipan Jhrassafiofg comresdiiansy is present
in an anount of |less than 98 mass % nore preferably |ess than 95
mass % even nore preferably less than 90 mass % based on the total
mass of the |ubr“if8§1f’imﬁgns)torta1b@smmbsr wrmeaFhred by ASTdAD2896;0i |
conpositions of the invention may be used to | ubricate mechani cal
engi ne conponents, particularly in internal conmbustion engines, e.g.
spark-ignited OFpgRRRITESSIntAr! 9Rid:86e I-: St r oke

reci procating en%i ng]g by addi ng the &C%Prr%%go[tllﬁ%lﬁst hereto. Preferably,
t hey are crankcase |ubricants, anongst which may be nentioned heavy
duty diesel (HDD) ,engine lubricants. icating oil conpositions
of the inventi ongué%ﬁg?qr%% Eé??aﬁ‘éfaéﬁ%ég@ﬁ%hgg% may or may not
remain the same chemically before and after m xing with an ol eagi nous
carrier. This invention enconpasses conpositions which conprise the
defi ned conponerfudfatsdfasir eonbinki mepeaoredliyt A8 TMiE g, or both before and

Also, it will be understood that various components used, essential as well as optimal

and customary, may react under conditions of formulation, storage or use and that the



Preferably, the lubricating oil conposition contains up to 0.4, nore
preferably up to 0.3, nost preferably up to 0.2, mass % sul fur,
expressed as atons of sulfiir, based on the total mass of the
conposition. Typically, the lubricatingsoil conposition may contain

| ow | evel s of sulfated ash. Preferably, the lubricating oil

conposi ti on igemtian radsoupotidesl ti@, prpdief ebablableupy dhaifledBas naswmitdofSanyf atchd
ash, based on the total mass of the conposition. Suitably, the

| ubri cati ng 168"Bonposi ti on may have a total base number (TBN) of
between 4 to 15, preferably 5 to 11. ADDI TI VE COWONENT (B) The or
each zinc dithiocarbamate may be represented by the formul a

R1IR2N- CS- S- ZiwtBeCS- iNR8E#REstovhthaeany upgepanidentt yyankily, aage R8d eaipHimits set
represents | . group .(e.qg.. phenyl or_ naphthyl), and R2 and R4
each repr esgaﬁghéﬁuﬁ?%uﬁﬁggﬁgn%nﬂ&ﬁgﬁpwﬁ' group or a hydrogen atom
Each aryl group can be an unsubstituted phenyl or naphthyl group, an
al kyl -substituted phenyl or naphthyl group or a
het er oat om JUBE: G OYESRIBTTON OFaDH LY BUPIN The heteroatons are
preferably nitrogen, oxygen or sul phur. Each allcyl group, when
present, is branched or unbranched and has from1l to 30 carbon atons.
Most pref er afieleathrBs §418e ZivBtidH bIRHRE SRARpRDriafd2todich B AT Rpédikytthe
groups each having up to 18 carbon atons, "preferably C3-Cl8, nore
pref erabl y @3-eggonaridonwdedsscribed i mivwe defad@s dillomisocar bamat es may be
made by met hods known in the art such as exenplified in the
specification. Preferred zinc dithiocarbamtes can be selected from
the foll ow gyl OFLUBRECAPINGA/ISODSITYEMYy! ) zinc dithiocarbamate

Bi s- (N- hexyl - N-phenyl ) zinc dithiocarbamate Bis-(N ol eyl -N-phenyl)
zinc dithiocarbamate Bi s-(N-propyl-N-(4-(octadecan-2-yl))phenyl) zinc

di t hi ocar ba 1 Bleg = (. tyl - - t adesan=2- yl.pphe Y ZIaNC o -
di t hi ocar ba@fgg)ﬂgllfzu-b?lliélﬁ%ée\xn%cﬁFﬁ)ﬂl\é‘zr&&%%trg? gj(%gﬁo- %S ;Q/’%)e)sg%i(nﬁi)cbaﬁ? ﬂ% )is
di t hi ocar bamgt gridhs-lgd ehnetitayit Rexyhdriding o yhictzadddivds bhd pERIHIABREE
Bi s- (N-(2-ethyl hexyl)-N-(4-ethoxy)phenyl) zinc dithjocarbamte_ .

Bi s- ( N- ( 2- eCH§ pisdEadsd Npirrampleyto produce;d fipal debiicautiipg lubricant composition).

Bi s- (N-octyl - N-phenyl ) zinc dithiocarbamate Conponent (B) may be
present in a concentration in the range 0.1 to 5 nass % CO ADDI Tl VES
Co- addi ti veg, badetdil isepyets dot atakimg cehifeattiey @s araliuat B nidhaiz mbyicalngmibe

present, different fromadditiye copponent (B), are |)sted_ bel ow._ All
the val ues ePEpaTHiogF PSP 2 nggﬁglre&t%t%i’&ﬂa%ali @5&%%1%@1111&1 or
Addi ti veMas 3, {0/RS SndeynBicp thitk fBE&{o8Sifs@HY mixtures thereof It may range in viscosity

from light distillate mineral oils to heavy lubricating oils such as gas engine oil,

mineral lubricating oil, motor vehicle o1l and heavy duty diesel oil. Generally the

viscosity of the oil ranges from 2 to 30, especially 5 to 20, mm’s ! at 100°C.

Natural oils include animal and vegetable oils (e.g. castor and lard oil), liquid
- petroleum oils and hydrorefined, solvent-ireated mineral lubricating oils of the
paraffinic, naphthenic and mixed paraffinic-naphthenic types. Oils of lubricating

viscosity derived from coal or shale are also useful base oils.

Synthetic lubricating oils include hydrocarbon oils such as polymerized and
interpolymerized olefins {e.g. polybutylenes, polypropylenes, propylene-isobutylene
copolymers, chlorinated polybutylenes, poly(l-hexenes), poly(l-octenes), poly(l-

decenes)); alkylbenzenes (e.g. dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes,



i - 2 -9
I Di spersant0.1 -201 -8 Metal DetergentsO.1 150.
éfihcteiszn rmgifiero - 50 - 1.5 Corrosion Inhibitor0 - 50 - 1.5 Metal "
Di hydr ocar byl Dithi ophosphate0- 100 - 4 Anti-OxidantsO - 50.01 i
Pour Point Depressant0.01 -50.01 -1.5 Ar61t| - Foam ng Agent 0 -50. 00 0
-0.15 Suppl enent Anti-War AgentsO - 507- 2 \ﬁBSfOSI ty(%)d'vf ;g:‘:)s'(%; -

: -4 M ti¢ Base, O L Bal anc ance ( _
ggd?% iers arﬂgﬁﬁcghgg{ egﬁp €L1n|9§nes Al PPB@P%PG’ .t?rﬂ's%ﬂ%‘?éylﬁﬂ nigrPhensds, i @dzyl?tg[% )
ol | - conposi pobnhenoisy el dlyyiavselaiphienlcgs g LIbeLQR @@@Q@%ﬁﬁ%éﬁ Lt
t he base oil,, . contain from5S to 25, preferably to s y
7 to 15 rmgéﬂ‘%g?& pAdo g anschomolesmies theesof.enai nder being oil of
| ubri caii ng viscosity. The above nentioned co-additives are di scussed
in further detail as follows; as is known in the art, sone addl'él!;/_ese
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subst ances th tesul t. from oxidation during use of the’lubricant,
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backbone. (32 1es of tetraethylene glycol and two moles of 2-ethylhexanoic acid.

Esters useful as synthetic oils also include those made from Cs to Cyo monocarboxylic
acids and polyols, and polyol ethers such as neopentyl glycol, trimethylolpropane,
pentaerythritol, dipentaerythritol and tripentaerythritol.

Unrefined, refined and re-refined oils can be used in the compositions of the present
invention. Unrefined oils are those obtained directly from a natural or synthetic
source without further purification treatment. For example, a shale oil obtained
directly from retorting operations, a petroleum oil obtained directly from distillation
or ester oil obtained directly from an esterification process and used without further
treatment would be unrefined oil. Refined oils are similar to the unrefined oils except
they have been further treated in one or more purification steps to Improve one or
more properties. Many such purification techniques, such as distillation, solvent
extraction, acid or base extraction, filtration and percolation are known to those
skilled in the art. Re-refined oils are obtained by processes similar to those used to
obtain refined oils applied to refined oils which have been already used in service,

Such re-refined oils are also known as reclaimed or reprocessed oils and often are



A preferred class of olefin polyners is constituted by pol ybut enes,
specifically polyisobutenes (PIB) or poly-n-butenes, such as may be
prepared by polynerization of a C4 refinery stream Dispersants

i ncl ude, for exanple, derivatives of Ionp chai n

hydr ocar bon- substituted carboxyllc aC|ds exanpl es being derivatives
of high nole r. bstltu cgL.nic ac
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t he above acids (or derivatives) with a ni t rogen- cont ai ni ng conpound,
advant ageously a pol yal kyl ene pol yam ne, such as a pol yet hyl ene
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15 lead, tin, zinc nolybdenum manganese, nickel or copper. Zinc
salts are nost comonly used in lubricating oil such as in anmounts
of 0.1 to 10, preferably 0.2 to 2, mass % based upon the total mass
of the lubricating oil conpositions. Thgy may be prepared in
accordance with known techni ques by first formng a dihydrocar byl

di t hi ophosphgg 'Mbrﬁﬁﬂuﬁk &ID&D osﬁléﬁ%@'tﬁé’mb?inﬁo%arﬁﬁy 9@p1%fV1dQﬂ.‘ &if Qécegﬁl'r? w1th
al cohol s or a phenol S5, and then neutralisin f or med DDP.
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made by reactio ur, nd
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N-hexyl aniline (1 eq. i n anhydrous toluene (10 vols) was ad
phosphorus, that are not greater than 1600, preferably not greater than 1200, more

preferably not greater than 800, such as not greater than 500, for example, in the range

of 200 to 800, or 200 to 500, ppm by mass of phosphorus, expressed as atoms of



i n anhydrous tetrahydrofuran (5 vols) was added and the reaction

m xture stirred at anbient tenperature. Upon conpletion, any solid
was renoved by filtration and the filtrate concentrated to dryness to

yield the desired product. Synthesis of cfSUbSti tuted di phenyl am ne
di t hi ocarbamate ("zZDTC2"). This was nmade by an anal ogous net hod

usi ng, as st@hokphegusBiel iodlthe Bt j dtuted materi al
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n-butyllithiiumin place of sodium

was: - Bis- @FQFN di pentyl) zinc dithiocarbamate ("zZDTC(conp)"), a
commercially available material, marketed under the nane of Vanl ube
EZ. LUBRI CATING O L COWCOSI TIONS A base oil formulation ("Gl A") was

prepar ed fr dppibafesthec kbricdii-ebgend diosPslsa ant i oxi dants, zinc
di hydr ocar byl di t hi %phosphatﬁ% (" zDDr%”:O)s1 opoﬁ{,&?’sg el love Tavely o sylfy.
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any anti - weleir taialdinass vEthe@bipssifidhan t he above-1isted conmponents. 18
Conposi tion Components Q1| A zZDTC 1 zZDTC 2 ZDTC3 ZDTC

Typically, the Iubricating oil composition may contain low levels of sulfated ash.

Preferably, the Jubricating oil composition contains up to 1.0, preferably up to 0.8,

mass % sulfated ash, based on the total mass of the composition,

Suitably, the lubricating oil composition may have a total base number (TBN) of

between 4 to 15, preferably 5 to 11,

ADDITIVE COMPONENT (B)

The or each zinc dithiocarbamate may be represented by the formula
RIR2N-CS-8-Zn-8-CS-NR3R4

where, independently, R1 and R3 each represents an aryl group (e.g. phenyl or
naphthyl), and R2 and R4 each represents an aryl group or an alkyl group or a
hydrogen atom. Each aryl group can be an unsubstituted phenyl or naphthyl group, an
alkyl-substituted phenyl or naphthyl group or a heteroatom-substituted phenyl or
naphthyl group. The heteroatoms are preferably nitrogen, oxygen or sulphur. Each
alkyl group, when present, is branched or unbranched and has from 1 to 30 carbon
atoms. Most preferably, in the zinc dithiocarbamates, R2 and R4 are alkyl groups
each having up to 18 carbon atoms, preferably Cs-Cyg, more preferably C;-Cg carbon

atoms.
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The zinc dithiocarbamates may be made by methods known in the art such as

exemplified in the specification.

Preferred zine dithiocarbamates can be selected from the following list:

Bis((bis(4-nonylphenyl) zinc dithiocarbamate

. Bis-(N-hexyl-N-phenyl) zinc dithiocarbamate

. Bis~(N-oleyl-N-phenyl) zinc dithiocarbamate

. Bis-(N-propyl-N-(4-(octadecan-2-y1))phenyl) zinc dithiocarbamate
. Bis-(N-butyl-N-(4-(octadecan-2-yl))phenyl) zinc dithiocarbamate
. Bis-(N-pentyl-N-(4-(octadecan-2-y]))phenyl) zinc dithiocarbamate
. Bis-(N-(2-ethylhexyl)-N-phenyl) zinc dithiocarbamate

. Bis-(N-(2-ethylhexyl)-N-(4-ethoxy)phenyl) zinc dithiocarbamate

. Bis-(N-(2-ethylhexyl)-N-phenyl) zinc dithiocarbamate

. Bis-(N-octyl-N-phenyl) zinc dithiocarbamate

Component (B) may be present in a concentration in the range 0.1 to 5 mass %.
CO-ADDITIVES
Co-additives, with representative effective amounts, that may also be present,

different from additive component (B), are listed below. All the values listed are

stated as mass percent active ingredient.

Additive Mass % Mass %
(Broad) (Preferred)
Ashless Dispersant 0.1-20 1-8
Metal Detergents 0.1-15 02-9
Friction modifier 0-5 0-1.5
Corrosion Inhibitor 0-5 0-1.5
Metal Dihydrocarbyl Dithiophosphate 0-10 0-4

Anti-Oxidants 0-5 0.01-3



(1230ppm S) 800ppm 4* V V (1230ppm S) 800ppm 5* V.V (1230ppm

S) 800ppm 6
3
Pour Point Depressant 0.01~5 0.01-1.5
Anti-Foaming Agent 0-5 0.001-0.15
Supplement Anti-Wear Agents 0-35 0-2
Viscosity Modifier (1) 0-6 0.01 -4
Mineral or Synthetic Base Oil Balance Balance

(1) Viscosity modifiers are used only in multi-graded oils.

The final lubricating oil composition, typically made by blending the or each additive
into the base oil, may contain from 5 to 25, preferably 5 to 18, typically 7 to 15,

mass % of the co-additives, the remainder being oil of Iubricating viscosity.

The above mentioned co-additives are discussed in further detail as follows; as is
known in the art, some additives can provide a multiplicity of effects, for example, a

single additive may act as a dispersant and as an oxidation inhibitor.

A dispersant is an additive whose primary function is to hold solid and liquid
contaminations in suspension, thereby passivating them and reducing engine deposits
at the same time as reducing sludge depositions. For example, a dispersant maintains
in suspension oil-insoluble substances that result from oxidation during use of the

lubricant, thus preventing sludge floceulation and precipitation or deposition on metal

parts of the engine.

Dispersants are usually “ashless”, as mentioned above, being non-metallic organic
materials that form substantially no ash on combustion, in contrast to metal-
containing, and hence ash-forming materials, They comprise a long hydrocarbon
chain with a polar head, the polarity being derived from inclusion of e, g.anQ,P,or N
atom. The hydrocarbon is an oleophilic group that confers oil-solubility, having, for
example 40 to 500 carbon atoms. Thus, ashless dispersants may comprise an oil-

solubie polymeric backbone.
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A preferred class of olefin polymers is constituted by polybutenes, specifically
polyisobutenes (PIB) or poly-n-butenes, such as may be prepared by polymerization

of'a C4 refinery stream.

Dispersants include, for example, derivatives of long chain hydrocarbon-substituted
carboxylic acids, examples being derivatives of high molecular weight hydrocarbyl-
substituted succinic acid. A noteworthy group of dispersants is constituted by
hydrocarbon—substituted succinimides, made, for example, by reacting the above acids
(or derivatives) with a nitrogen-containing compound, advantageously a polyalkylene
polyamine, such as a polyethylene polyamine, Particularly preferred are the reaction
products of polyalkylene polyamines with alkenyl succinic anhydrides, such as
described in US-A-3,202,678; -3,154,560; -3,172,892; -3,024,195; -3,024,237, -
3,219,666; and -3,216,936, that may be post-treated to improve thelr properties, such
as borated (as described in US-A-3,087,936 and -3,254,025) fluorinated and oxylated.
For example, boration may be accomplished by treating an acyl nitrogen-containing
dispersant with a boron compound selected from boron oxide, boron halides, boron

acids and esters of boron acids.

A detergent is an additive that reduces formation of piston deposits, for example high-
temperature varnish and lacquer deposits, in engines; it normally has acid-neutralising
properties and is capable of keeping finely divided solids in suspension. Most

detergents are based on metal “soaps”, that is metal salts of acidic organic compounds.

Detergents generally comprise a polar head with a long hydrophobic tail, the polar
head comprising a metal salt of an acidic organic compound. The salts may contain a
substantially stoichiometric amount of the metal when they are usually described as
normal or neutral salts and would typically have a total base number or TBN (as may
be measured by ASTM D2896) of from 0 to 80. Large amounts of a metal base can
be included by reaction of an excess of a metal compound, such as an oxide or
hydroxide, with an acidic gas such as carbon dioxide. The resulting overbased
detergent comprises neutralised detergent as an outer layer of a metal base (e.g.

carbonate) micelle. Such overbased detergents may have a TBN of 150 or greater,

and typically of from 250 to 500 or more.



400ppm * = invention 19 TESTING & RESULTS Wear Testing - Fresh Ol
Sampl es of the above formul ations were tested using a PCS Instrunments
hi gh frequency reciprocating rig (HFRR) on a standard protocol
conprising the follow ng conditions: 120 mnutes 20 Hz

reci procation of I mmstroke length 2008 |oad using standard

equi pnment manuf acturer supplied steel substrates. The wear scar
nmeasurenents reported were taken of the wear scars on the HFRR di scs.

opt 1 ca pr ot Hsbare e Ve el PR BRI Rl B5F R R A VRPN

of the wear phears, eulfirled IphttdRs, dhissimsplioagtes,t REEyYINRS RIPEAhERNAWD and
further tinmes and the recorded wear neasurenent was the average of

t hese val uegtherpd-saiiie gabaxyides ebrpmsiol i picuialy deealkalimmumnlkabee earth
the table b FRR. di sk . SCaf upe .neasuy enent /.m cr a..nB
Conposi ti onf‘}%e'j(\ll\,édrr%| ,5:3{) ?%ﬁl’z% Elrur%bglilitp %ﬁ%ﬁl w@%rrp%%i??@ﬁs%m' T most
Conposi ti oncétimonly-used metals are calcium and magnesium, which may both be present in
detergents used in a lubricant, and mixtures of calcium and/or magnesium with
sodium. Detergents may be used in various combinations, for example with salicylate

detergents or without salicylate detergents.

EFriction_modifiers include glyceryl monoesters of higher fatty acids, for example,

glyceryl mono-oleate; esters of long chain polycarboxylic acids with diols, for
example, the butane diol ester of a dimerized unsaturated fatty acid; oxazoline
compounds; and alkoxylated allkyl-substituted mono-amines, diamines and alkyl ether

amines, for example, ethoxylated tallow amine and ethoxylated tallow ether amine.

Other known friction modifiers comprise oil-solible organo-molybdenum compounds.
Such organo-molybdenum friction modifiers also provide antioxidant and antiwear
credits to a Jubricating oil composition. Suitable oil-soluble organo-molybdenum
compounds have a molybdenum-suifur core. As examples there may be mentioned
dithiocarbamates, dithiophosphates, dithiophosphinates, xanthates, thioxanthates,
sulfides, and mixtures thereof. Particularly preferred are molybdenum dithiocarbamates,
dialkyldithiophosphates, alkyl xanthates and alkylthioxanthates. The molybdenum

compound is dinuclear or trinuclear.

One class of preferred organo-molybdenum compounds useful in all aspects of the
present invention is tri-nuclear molybdenum compounds of the formula Mo3S,L,Q, and
mixtures thereof wherein L are independently selected ligands having organo groups
with a sufficient number of carbon atoms to render the compounds soluble or dispersible
in the oil, n is from 1 to 4, k varies from 4 through to 7, Q is selected from the group of
neutral electron donating compounds such as water, amines, alcohols, phosphines, and

ethers, and z ranges from 0 to 5 and includes non-stoichiometric values. At least 21 total



Conposition 6 194168.1 99083.5 40347.5 22894.5 34924.0 34038 As can
be seen fromthe table, all of the conpositions that contained ZDTC s
(Compositions 2 to 6) gave an inprovenent in antiwear performance
over Conposition 1 (control). It should;also be noted that increasing
the treat rate of ZDTC 2 from 820 ppm sul fur to 1230 ppm sul fur

(Conposi ti oNgridnaRfnsShodl §9Pﬁ§éﬁ?arﬁ&§geaﬂtﬁe ﬂ&n’d%&%@%&ﬁ%&@%ﬁ) 16:635 n215’

performance. The best result was seen when usi ng a

sul fur treatat kasté0( @ahipes 36 cobomdtomAAged O | Testing To achi eve
differentiation between Conpositions 1 and 7 on the HFRR test, they
were aged in a MCA oxidation rig. The conditions for this test were:
160C for 19ZHeomolybd@@m compounds méy rbebpresent frhe dulgivasanpllecoatpositisrate a
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Anti-oxidants are sometimes referred to as oxidation inhibitors; they increase the
resistance of the composition to oxidation and may work by combining with and
modifying peroxides to render them harmless, by decomposing peroxides, or by
rendering an oxidation catalyst inert. Oxidative deterioration can be evidenced by
sludge in the lubricant, varnish-like deposits on the metal surfaces, and by viscosity

growth.

They may be classified as radical scavengers (e.g. sterically hindered phenols,
secondary aromatic amines, and organo-copper salts); hydroperoxide decomposers
(e.g., organosulfur and organophosphorus additives); and multifunctionals (e.g. zinc
dihydrocarbyl dithiophosphates, which may also function as anti-wear additives, and
organo-molybdenum compounds, which may also function as friction modifiers and

anti-wear additives),

Examples of suitable antioxidants are selected from copper-containing antioxidants,
sulfur-containing antioxidants, aromatic amine-containing antioxidants, hindered
phenolic antioxidants, dithiophosphates derivatives, metal thiocarbamates, and

molybdenum-containing compounds.

Dihydrocarbyl dithiophosphate metals salts are frequently used as antiwear and

antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminium,
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Conposi t i onexample, a dlthlophosphonc acid may be made by reaction with mixtures of primary
and secondary alcohols. Alternatively, multiple dithiophosphoric acids can be
prepared where the hydro carbyl groups on one acid are entirely secondary in character
and the hydrocarbyl groups on the other acids are entirely primary in character. To
make the zinc salt, any basic or neutral zinc compound could be used but the oxides,
hyd1ox1des and carbonates are most generally employed. Commercial additives
frequently contain an excess of zinc due to use of an excess of the basic zinc

compound in the neutralisation reaction.

Anti-wear agents reduce friction and excessive wear and are usually based on

compounds containing sulfur or phosphorous or both, for example that are capable of

depositing polysulfide films on the surfaces involved.

Rust and corrosion inhibitors serve to protect surfaces against rust and/or corrosion.
As rust inhibitors there may be mentioned non-ionic polyoxyalkylene polyols and

esters thereof, polyoxyalkylene phenols, and anionic alkyl sulfonic acids.

Pour point depressants, otherwise known as lube oi] flow improvers, lower the
minimum temperature at which the oil will flow or can be poured. Such additives are
well known. Typical of these additive are Cg to Cis dialkyl famerate/vinyl acetate
copolymers and polyalkylmethacrylates.

Additives of the polysiloxane type, for example silicone oil or polydimethyl siloxane,

can provide foam control.

A small amount of a demulsifying component may be used. A preferred demulsifying

component is described in EP-A-330,522. It is obtained by reacting an alkylene oxide
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with an adduct obtained by reaction of a bis-epoxide with a polyhydric alcohol. The
demulsifier should be used at a level not exceeding 0.1 mass % active ingredient. A

treat rate of 0.001 to 0.05 mass % active ingredient is convenient.

Viscosity modifiers (or viscosity index improvers) impart high and low temperature
operability to a lubricating oil. Viscosity modifiers that also function as dispersants
are also known and may be prepared as described above for ashless dispersants. In
general, these dispersant viscosity modifiers are functionalised polymers (e.g.
interpolymers of ethylene-propylene post grafted with an active monomer such as

maleic anhydride) which are then derivatised with, for example, an alcohol or amine.

The lubricant may be formulated with or without a conventional viscosity modifier
and with or without a dispersant viscosity modifier. Suitable compounds for use as
viscosity modifiers are generally high molecular weight hydrocarbon polymers,
including polyesters. Oil-soluble viscosity modifying polymers generally have weight
average molecular weights of from 10,000 to 1,000,000, preferably 20,000 to 500,000,
which may be determined by gel permeation chromatography or by light scattering.

EXAMPLES

The invention will now be particularly described in the following examples which are

not intended to limit the scope of the claims hereof.

COMPONENTS

Synthesis of Bis —(N-hexyl-N-phenyl) zinc dithiocarbamate (“ZDTC1™.

A solution of N-hexylaniline (1 eq., 1wt) in anhydrous toluene (10 vols) was added to
a solution of 60 % sodium hydride in mineral oil (1 eq., 0.23wt) in anhydrous toluene
(5 vols). The reaction mixture was heated at reflux temperature (111°C) for 18 hours
and then cooled to 5°C. Carbon disulfide (1 eq., 0.38wt) was added and the reaction

mixture warmed to ambient temperature. A solution of zinc chloride (0.5 eg., 0.38wt)
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in anhydrous tetrahydrofuran (5 vols) was added and the reaction mixture stirred at
ambient temperature. Upon completion, any solid was removed by filtration and the

filtrate concentrated to dryness to yield the desired product.

Synthesis of substituted diphenylamine dithiocarbamate (“ZDTC27),

This was made by- an analogous method using, as starting material, a 7:3
mono/disubstituted material substituted on the aromatic rings of diphenylamine, the

substituents being Cy branched alkyl groups.

Synthesis of Bis-(N-(2-ethylhexyl)-N-(4-ethoxy)phenyl) zinc dithiocarbamate

(“ZDTC3).

This was made by an analogous method using, as starting material, 4-ethoxy-N-(2-

ethylhexyl)aniline, and also using n-butyllithiium in place of sodium hydride.
Also used as a component was:~

Bis-(N,N-dipentyl) zinc dithiocarbamate (“ZDTC(comp)”), a commercially available

material, marketed under the name of Vanlube EZ,
LUBRICATING OIL COMPOSITIONS

A base oil formulation (“Oil A”) was prepared from basestocks, detergents, dispersant,
antioxidants, zinc dihydrocarbyl dithiophosphate (“ZDDP™), polyisobutene and
viscosity modifier. The above components were blended with Oil A to give rise to a
set of lubricating oil compositions designed to be an ACEA E6 HDD (heavy duty oil)
composition. The compositions did not contain any anti-wear additives other than the

above-listed components.
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Composition Components
Oil A ZDTC1 ZDTC2 ZDTC3 ZDTC ppm P
' (comp)
1 (control) v
800ppm
2% v v
(820ppm S) 800ppm
3% v v
(1230ppm S) 800ppm
% v v
(1230ppm S) 800ppm
5% v v
800ppm
(1230ppm S)
6 v v
{comparison) (1230ppm S) | 800ppm
7 v
{comparison) 400ppm
Qi v v
(820 ppm S) 400ppm

* = {nvention
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TESTING & RESULTS

Wear Testing — Fresh Qil

Samples of the above formulations were tested using a PCS Instruments high
frequency reciproceting rig (HFRR) on a standard protocol comprising the following
conditions: '
o 120 minutes
» 20Hz réciprocatioﬁ of Imm stroke length
* 200g load using standard equipment mamufacturer supplied steel
substrates.
The wear scar measurements reported were taken of the wwear scars on the HFRR
discs. The instrument used for these measurements was a Zemetrics ZeScope 3D
optical profilometer. The measurements reported are the void volumes of the

wear scars on the HFRR discs.

Each test was repeated two further times and the recorded wear measurement was the

average of these values.

El

The HFRR data for compositions 1-6 are summarized in the table below.

HFRR disk wear scar volume measurement/micro m°

Composition | Composition | Composition | Composition Composition | Composition
1 2-}.— 3').' 4-).- 5-}: 6

194168.1 99083.5 40347.5 | 22894.5 34924.0 34038

As can be seen from the table, all of the compositions that contained ZDTC’s
(Compositions 2 to 6) gave an improvement in antiwear performance over
Composition 1 (control). It should also be noted that increasing the treat rate of
ZDTC 2 from 820 ppm sulfur to 1230 ppm sulfur (Compositions 2 and 3) also gave
rise to an improved antiwear performance. The best result was seen when using

ZDTC 1 at 1230 ppm sulfur treat rate (Composition 4).

Aged Oil Testing

To achieve differentiation between Compositions 1 and 7 on the HFRR test, they were
aged in a DKA oxidation rig. The conditions for this test were:

s 160°C for 192 hours
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» Air blown through sample at a rate of 10 L/hour

Composition 8 was also aged via this test to act as a comparison with Composition 6.

Samples were tested using a PCS Instruments HFRR on a standard protocol
comprising the following conditions:
s 30 minutes at 100°C (fresh oil) then 90 minutes at 100°C (DKA aged
oils of Compositions 1, 7 and 8)
s 20 Hz reciprocation of 1 mm stroke length

e 200g load using standard equipment manufacturer supplied steel

substrates.

The wear scar measurements reported were taken of the wear scars on the HFRR
discs. The instrument used for these measurements was a Zemetrics ZeScope 3D

optical profilometer. The measurements reported are the void volumes of the

wear scars on the HFRR discs.

Each test was repeated two farther times and the recorded wear measurement was the
* average of these values.

2

The HFRR data for aged Compositions 1, 7 and 8* are summarised in the table below.

HFRR disk wear scar volume measurement/micro ny

Composition 1 Composition 7 Composition 8+

147439.235 438457.715 64262

As can be seen ffom the table, use of ZDTC 2 (820 ppm sulfir treat rate) in the
formulation containing 400 ppm P (Composition 8) gives a significant antiwear credit
over the formulation containing the same amount of P (Composition 7) and also over
the formulation containing twice the amount of P (Composition 1), thus showing that

antiwear improvemnent can also be maintained in aged oils.

Fluorcelastomer Seals Tests

Compositions 1, 2%, 3*, 4* 5* and 6 were subjected to flucroelastomer seals testing.
The test was the CEC L-39-T-96 ACEA SEALS RE] fluoroelastomer seal test. This
measures the tensile strength variation, elongation rupture variation, hardness DIDC

variation, and volume variation,
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The results are given in the table below.
Elastomer Test ACEA | Composition | Composition | Composition | Composition | Composition | Composition
Limit |1 2% 3* 4% 5% 6 '
2004

Fluroelastomer | Tensile -40/ -24 6 6 -2 -5 -74
Strength +10
variation
(%)
Elongation | -50/ 4] -19 -17 -18 -25 -98
Rupture +10
Variation
(%)
Hardness | -1/+5 |0 0 0 -1 i 12
DIDC
Variation
{points)
Volume -1/+5 |0 0.4 0.4 0.3 0.5 24
Variation
(%)

As can be seen, all of the Compositions of the invention (2-5) give results within the
limits for the fluoroelastomer seals tests, as does the control (Composition 1). The
comparative Composition (6) however gives results for tensile strength variation, and
elongation rupture variation that are well outside the limits for the test. This shows
that the ZDTC’s of the invention can be differentiated from the commercially-

available ZDTC antiwear components on the basis of fluoroclastomer seals

compatibility.
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CLAIMS:
L. An automotive lubricating oil composition for an internal combustion engine

comprising, or made by admixing:
(A)  anoil of lubricating viscosity in a major amount; and

(B)  as an additive component in a minor amount, one or more oil-soluble
zinc dithiocarbamates, in the or each of which, each amino group is
substituted with an aryl group, and with another aryl group, an

aliphatic group or a hydrogen atom,

the composition having not greater than 1600, such as not greater than 1200,
such as not greater than 800, such as not greater than 500, ppm by mass of

phosphorus, expressed as phosphorus atoms.

2. A composition as claimed in claim 1 where the or each zinc dithiocarbamate is

represented by the formula
R'R*N-CS-S-Zn-S-CS-NRR*

where, independently, R! and R? each represents an aryl group and R* and R*

each represents an aryl group or an alkyl group or a hydro gen atom.

3. A composition as claimed in claim 1 or claim 2 wherein each aryl group is an

unsubstituted phenyl group or an alkyl-substituted phenyl group.

4, A composition as claimed in claim 2 wherein each alkyl group, when present,
is branched or unbranched and has from 1 to 30 carbon atoms, preferably 3 to

18 carbon atoms.

5. A composition as claimed in any of claims 1 to 3 wherein each hydrocarbyl

group, or each R', R%, R? and R* group, is an aryl group.
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0. A method of lubricating surfaces of the combustion chamber of an internal

combustion engine during its operation comprising:

)] providing in respective minor amounts, one or more additives (B) as
defined in any of claims 1 to 5 in a major amount of an oil of
lubricating viscosity to make a lubricating oil composition having
antiwear properties without adverse fluorelastomer compatibility
properties;

(i)  providing the lubricating oil composition in the combustion chamber;

(i)  providing a hydrocarbon fuel in the combustion chamber; and

(iv)  combusting the fuel in the combustion chamber.



7. A conposition as clainmed in any of clains 1 to 6 wherein the
conposi tion contains other additive conponents, different from (B)
sel ected fromone or nore ashl ess di spersants, netal detergents,
corrosion inhibitors, antioxidants, zinc dihydrocarbyl

di t hi ophosphat es, pour point depressants, other antiwear agents,
friction nodifiers, denulsifiers, ant#-foam agents and friction
nodi fiers, 8. A nethod of inproving the antiwear properties of a
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addi tives (B) affsctitef ks @drodastine i 2 9. A nethod of
| ubri cating surf;§g£ of the conggé??%ﬁh@?gﬁﬁgﬁK%T an internal
conmbustion engine during its operation conprising: (1)providing in
respective mnor anounts, one or nore additives (B) as defined in any
of clains 1 to 5 in a major anount of an oil of lubricating viscosity
to make a lubricating oil conposition having antiwear properties

wi t hout adverse fluorel astonmer conpatibility properties;
(ii)providing the lubricating oil conposition in the conbustion
chanber; (H) providing a hydrocarbon fuel in the conbustion chanber;
and (iv)conbusting the fuel in the conbustion chanber. 24 10.The use
of additive (B) as defined in any of clains 1 to 4 to inprove the
antiwear properties of a lubricating oil conposition w thout
adversely affecting its fluoroel astonmer conpatibility properties.



