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STABI LI TY The present invention relates to the use of certain ™~
additives to extend the thermal stability and oxidation stability of

| ubri cant conpositions, and to |ubricant conpositions exhibiting extended
thermal stability and oxidation stability. Lubricating conpositions
for antiwear hydraulic and industrial applications typically contain
additi ve components to GANKLG OSTONSEXIHBINMNEaul | ¢ grade zinc

: > W2
di al kyl di t hi ophosphates a }%pb( I i hi pect. The
conpositions usually aIsokgg;farﬁﬁégxpgéﬁgghgsié#;%ﬁgits. The conpositions
have conventionally been fornmul ated using Goup | base oils. However, the

use of hydrocracked and catal ytically dewaxed Gr_og&kl.l and Goup Il base
oil's is on the iHerpsaseat invhetidnyuglatagde dici usn of peftade ogdiiivey tpeviced thes i nvol ved

It | i | s. of tionally | ticit. d, sul phur | evel .
These. & oug T Lno b ot STiFmisaclin g s Ba Tieaa b AR ROLBRG M s oved
response t Qoaifok@hé axtibéia FRREAShWARI sGBMRALRH Wit nGlBuRy! basest ocks.

This has led to the thinking that use of Goup Il and Goup IIl bases could
al l ow the |evel lfbrgatingsérdpositeons dorativeer asadiownt wlvstrdbepplivenonst o t he

| evel of arltioxlildant .Be[jf I mance re&ui red bg end us&rs. HovxﬁVﬁrh.rat her
than | eadi ngP¥dY eHliRBFd BPSPOTenaP M ORIU AT ¥ B BFAYISEY, DY h@ H‘dvenft of
Group |1 angafd AHO dlally| BasepHEpRtdiase BHRANY GseERdniy$@bet! ghdemand a hi gher
| evel of antioxidant performance, irrespective of the kind of base oil

whi ch i s actomgdsitions eshallfatsoeratapl antiontdeneasnponpes f Thereoropositenslhasé 2000 t o
4000 hours in the TM D943 t hermal oxidatjon test was previously
acceptable,“%&?@ﬁﬂ@ﬁ&ggﬁ¥@ﬁﬁﬁ ted usmg{grpre hﬁﬁﬁ??-#%ﬂﬁVWéHF‘FBP?instance a
resul t of LA hR_U LS d e atvii€al [ : A slpmee with

t he presen'g{gi nvezrllti oﬁ1 I tc ﬁgy? %ﬁ&aﬁé”g&% dltltaﬂgt(}rgu e[(H l%z}@g@ag% oxI dant

conmponent s, inaredsec OFitei yategenstidnhedelefvaxing prévesdes énadéddiresultib baseedits of
conpositions containing hydraulic antiwear conponents to achieve extended
¢

ther mal andE*SKPERIA LY do¥ pedmaticity apg syt levgl mhhessiorenp Hjand geroupbii bases
particul arl t i I s i (gaels er mal
Crabi 11ty Ry oo SARE SRR 5o IS RERRp0BH W ol B Rl oGS ke T
|1l basest oedtspasdiwith Greas Basextbelat iThis isdsadd o thy tHitkiky GdPudelof Groupiiigher
basest ocks. These advantageous results enables a .

and Group III bases could allow the level of antioxidants to be decreased without

detriment to the level of antioxidant performance required by end users. However,
rather than leading to reduced amounts of antioxidants being used, the advent of
Group II and Group [II base oils has prompted end users to demand a higher level of
antioxidant performance, irrespective of the kind of base oil which is actually used.
For example, whereas a performance level of 2000 to 4000 hours in the ASTM D943
thermal oxidation test was previously acceptable, extended performance is now
commonly required, for instance a result of 10,000 hours in the ASTM D943 test.

In accordance with the present invention it has now been found that specific
antioxidant components, and combinations thereof, can be blended in lubricant
compositions containing hydraulic antiwear components to achieve extended thermal
and oxidative stability without formation of sludge. More particularly, the
combinations have been found to give improved thermal stability, and thus reduced
levels of sludge, when used in Group I, II and III basestocks and increased oxidation
stability in Group II, or higher basestocks. These advantageous results enables a
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-2- variety of base oils to be are used in fornulating the |ubricant
conposition and, in turn, this allows industrial formulators enhanced
flexibility whilst also neeting the now extended performance requirenents
of end users. Accordi ngly, the present invention provides the use in
a lubricant conposition conprising a hydraulic antiwear conponent and a
base oil of an additive conprising at |east one am ne anti oxi dant and at

| east one agdiy bosal ool bodrél addd 8 Sbeallftglthonbisditesmpdsitibh asdribamat e,
sul phuri sed ol’efin and phenolic, antioxidants to provide a |ubricant having

i nproved ttoer,tisk abowbindustyiabiocmuabtarsienhpaces: fiexibiligywhilst alsp mredBE ek t ypes.

The performance of the.conbinati.ons of [,.oxl dants used in accordance with
the presento¥ AYER ?W‘W?‘“%F*}}“ﬁ%‘beé‘ﬁs&?f%g?h%%ngst ot her things, on the

base oil type, hRgraRgs) tepreRibintaitidiprandes the usoincenbriedrton of _
additive(s), used. In‘terns of thermal stability the additives used in

accor dancecompdsitidnecomupesingta hydvanic aptiweargomponent o atbiasmoib of pry pddii¥et s

whi ch may avoi d excessive sl udge _.farnmation after a riqd . days when
the | ubri cEQfRPTYNG é@?@élo’i“haréﬂf‘&gflﬂﬁﬁég“%\ﬁf‘gﬁt legs Ow(ﬁgg?aqgﬂggﬂég% t he base
oi I used i i b6 @h oedinoHaGie ABI, ahfiexiaamynt  of

sl udge pro%edg%% g?’?‘e%Shi%géﬁ%GS&ikbnm%ﬂh?’gu?est iso nglt rmquyg tr11ar:;l 1001 ng/ 10 m

pr ef er abl ytoymoviteradubticant B/ imgimproGedthermal s@bidisy and enidesiveessahilityon alless t han
10 ng/ 100 m is particularly preferred. In terns of oxidation stability the
addi ti ves B3¥8Orkt¥E8or dance with the present invention typically enable

formulation of H%P@%g@qg@cg’gm*a c§§g>i&ti@i§mntibxiaﬁnt9hgéaeih Rag@siokitrnd

whi ch give a resu ast m nutes, preferably at |east 600

m nut es, i the presdiB@ehti@r will vay dbpdnding, bresigst Fthesthitgseopthedmat oil typeat i on
rel ates to conbi nati ons of anti oxidants _V\:hifCh r_ra‘y §e u e? t o_achi eve good
oxi dati on e pseifgrombinaticn ang the cogpentraliprpl HMNE(Ycsefi (MEITSQr at i ng

t her mal tability..perfonmance [ £84PE&aHIs Uused,
and vice vi?eé’él.a\ Sta%hpy the%%@%s#sﬁg?ﬁg%@ﬁcémgﬁ g{ryeégg%{ht Pﬁv\élenti on is

sel ected f ropm@RGdOORLbNCcaatdwhiah athy aveidriessyivariudgs forplacioy laftanpheriyd ani nes
and m xtures thereof. Exanples of such conponents that may qb@hggﬁ% in

this i nventofdf dapiewheretheduricantisiested ingeecsdrncs with the f¥n{Ashat
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di octyl di phgiteaditbdiRed BREYI00d43E aniagebtienotdhsre nydndiGohagiiDaminpreferably
not more than 25 mg/ 100 ml. A 10 day sludge result of less than 10 mg/100 ml is
particularly preferred. In terms of oxidation stability the additives used in accordance
with the present invention typically enable formulation of lubricants which use a
Group II or higher basestock and which give a result of at least 500 minutes,
preferably at least 600 minutes, in the RBOT thermal stability test. Thus, the present
invention relates to combinations of antioxidants which may be used to achieve good
oxidation performance in Group II or higher basestock without derating thermal
stability performance when Group I or higher basestock is used, and vice versa.

The amine used in the present invention is selected from optionally alkylated
diphenylamines, phenyl-naphthylamines and mixtures thereof. Examples of such
components that may be used in this invention include, but are not limited to,
diphenylamine, phenyl-g-naphthylamine, phenyl-beta-naphthylamine,
butyldiphenylamine, dibutyldiphenylamine, octyldiphenylamine,

dioctyldiphenylamine, nonyldiphenylamine, dinonyldiphenylamine,



-3- dioctyl di phenyl am ne, nonyl di phenyl am ne, di nonyl di phenyl am ne,

hept yl di phenyl am ne, di heptyl di phenyl am ne, nethyl styryl di phenyl am ne,

m xed butyl/octyl al kyl ated di phenyl am nes, m xed butyl/styryl al kyl ated

di phenyl am nes, m xed nonyl/ethyl al kyl ated di phenyl am nes, m xed
octyl/styryl alkylated diphenylam nes3-m xed ethyl/nethylstyryl alkyl ated
di phenyl am nes, octyl al kyl ated phenyl - a- napht hyl am nes and m xed al kyl at ed
phenyl - [ er djochdgiphénplaminaemny®igedylamine, Bupgyldipbemyjladinget hyl ani no- p- cr esol

may also b sed. ) eful ,.am ne anti oxi dants,.are general.l

Tn attor i Sety Blbhengiaming, dREAENH o Ranee. SRR ISy BRRFS AsTM D
2896. It | d i k5O 204 R { OXi dant s
e bet ween B e nd - of

t he neat, imired aorgilletnybalkyletedpioptenylamines, mixed Shigl/stynd elkytased on of ami ne

ant i oxi dant in the finished c oSiti varies dependi ng .upon the

pasest ock | (T Buettsrare ey renoey b el gy BRES. Spa S ne
total anoupg - il O L ' e nhdi oppagiition is
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The sul phubuttntdinrtinyderciooipeurnds mafy ddeebepsesent i nvention are sel ected from

the group consi sti of sul phuri zed ol efins, sul phurized fatty acids,
ashl ess dithi ociﬁs‘ﬁgﬁﬁfr‘é‘gﬁ anfigxdans RIA %%F’ii‘h&ﬁi’ﬂ?%‘ﬁrlli?ﬁiQi’ége‘éﬁﬁmrﬁ:‘kt ures

thereof . ThgmeRulAeho ghEhLAEy AUTNAD AgkOt WBRrlRed A8 BE RREREAT Nvent] on

may be prepare y a nunber o nown et ho y are typica
char act er i zentehyofttheamineanabxidies beibetused3 Dand A witpandthet TR band t hei r
final sul phur content. Hi gh nol ecular weight olefins (e.g., those having an

aver age nolP&tYReart 0Rand R0 makObfe el thameatow: undibitedy cameeRenss1 g/ nol e) are
f d. Ex | ef i hat _n } - fj
TR T T TR

and m xt ur egpédteieaion thx bagebesk efcdacudtoRhdr iequirdaieniad Bsplitadend. ncl ude
1-butene, 1- pentene, 1-hexene, 1-heptene, |-octene, 1-nonene, 1-decene,

1- undecene, Typicallydidie sotel amount plrsnian entiaxidant pregens éntie finiged campesitien
1- henei cosongomd R LBRIRE M yob REEEERE 5 o D FATREERRT - pent acosene and
m xtures ther eofThel@iphlir-8bRAinHS BRbolEdd FTIEred@invention are selected from
the group consisting of sulphurized olefins, sulphurized fatty acids, ashless
dithiocarbamates, tetraalkylthiuram disulphides and mixtures thereof. The
sulphurized olefins suitable for use in the present invention may be prepared by a
number of known methods. They are typically characterized by the type of olefin
used in their production and their final sulphur content. High molecular weight
olefins (e.g., those having an average molecular weight (Mn) of from about 112 to
about 351 g/mole) are preferred. Examples of olefins that may be used include a-
olefins, isomerized a-olefins, branched olefins, cyclic olefins, polymeric olefins and
mixtures thereof. Examples of a-olefins that may be used include 1-butene, 1-
pentene, 1-hexene, 1-heptene, 1-octene, [-nonene, 1-decene, 1-undecene, 1- _
dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, 1-hexadecene, 1-heptadecene,
l-octadecene, 1-nonadecene, 1-eicosene, 1-heneicosene, 1-docosene, 1-tricosene, 1-
tetracosene, 1-pentacosene and mixtures thereof. a-Olefins may be isomerized
before the sulphurization reaction or during the sulphurization reaction. Structural

and/or conformational isomers of the a-olefins that contain internal double bonds or



before the sul phurization reaction or during the sul phurization reaction.
Structural and/or conformational isonmers of the [err]-olefins that contain
i nternal doubl e bonds or

-4- branching may al so be used. For exanple, isobutylene is the branched
ol efin counterpart of the a-olefin 1-bdtene. Sul phur sources that
may be used in the sul phurization reaction can include, for exanple,

el enent al Isahgting maywlgpherusph nBatdxampbteisobuty lehelis e bhdnohédelefisodi um

sul phi de, sodlun1pol sulphld and m xtures thereof added together or at

di fferent §¥@§€ENBP gﬁé‘%ﬁﬁbﬁd%@%ﬁtlon process. Unsaturated fatty
acids and oils r i zed and
used in this |nveﬁ§?g%%r gt&ﬁ%ﬁ bg aﬁfﬁghﬁﬁdéﬂgﬁoﬁkéﬁupﬁgﬁﬂ%glHFncIude

| aur ol ei ¢ fcicdampler eletmehal culplmr,dsulmak mohsétemﬁ:d@euI@hulodhehlenae,lsddmei aidic

aci d, vaccenlc acid, linoleic acid, linolenic acid, gadoleic_ acid,
ar achi doni tulaldides sodiuge pelysdplide. and “Hi‘%f%r‘@s?c‘éﬁad@ﬁ@%et@kahﬁldégeréf‘t oils or

fats that %%esboefth'fﬁﬂ%\ﬂ@aﬁ Pﬁ%géslg oil, cottonseed oil, grapeseed oil,

olive oil, m ol rapeseed oil, safflomer seed oil, sesane
seed oil, SOybeﬁmsﬂufa,tecSﬁ:Ifti' lhoide indbils, bedansd SPAREir aeetu@iidn, nychigopdi nat i ons
t her eof . anpl es of ashl ess dithi ocarbamat es t hat may be used

i ncl ude, bwlphurezed@ed luped indhisteyenfier. hxampesoidpdy atidy that a1y be asthmat e)

gfgﬁ:gﬂfdeqﬁﬁ%%l {ldﬁth“ﬁﬁ%¥ﬁloc bg%§“§‘$§%£§&g6¥ﬁ§l F%(vca?%ups of the

di al kyl dit ha@earctz@mamoréwhcm %ekaiala&sldhgml&é 86Nd Larhéhidéni6 aciaosseicExanpl es
of preferred ashl ess dithiocarbamates are nethyl ene-

bi s(di but yBQidt aridomintirasraf Gpse. dixayipksefloils of Btsbeyay bhusrddndagaea), and

i sobut yl u bi s hi.ocar bamat e s of preferred
t et raal kyl Pﬁi ?f&&r’??%ﬁd ddfﬁ?ﬁpa%%gtoﬂ l}/vr‘?‘éi}lt B%lnh%‘ d’ef’?]‘ttlc{ﬁ’déap[eé"tnﬁé)glut yl t hi uram

di sul phi de sgmdweetdAQ%L yésamelgéémalﬂIse)hﬁeambdesunﬂower oil, slifo&eNeeabnat i on of

t he sul phur-containi ng conmpound in t finished conposition can vary

dependi ng apdromhmatoss themeof' reqU|renents and applications. The conpound

0059 by el ght LBaTRIEGH SPREPsPinceiRareins (5 membel a8t inelide: BB AFO | on. An
Foten Sl s s S g 1 e
and 0. 07 vvﬁms(dl%l«yldlﬁmcbqak'hmnam arideisdbutyl simatbhidarp aSbis(dislkyldtthicexhamphe), a
guggh\% ! Zoe/g\g]%gg %{e&a@?ﬁ}é&"&%ﬂo the dxalkyldlthllogaqggmgtg rc]:gr? Bgefgrggll;l h(gwct’,) %\roynslego bet ween

16 carbons. Examples of preferred ashless dithiocarbamates are methylene-

bis(dibutyldithiocarbamate), ethylene-bis (dibutyldithiocarbamate), and isobutyl

disulphide-2,2'-bis(dibutyldithiocarbamate). Examples of preferred tetraalkylthiuram

disulphides that may be used include tetrabutylthiuram disulphide and

tetraoctylthiuram disulphide.

The concentration of the sulphur-containing compound in the finished

composition can vary depending upon the customers’ requirements and applications.

The compound is typically used in an amount of upto 0.1% by weight, preferably

upto 0.05% by weight based on the total weight of the lubricant composition. An

important criteria for selecting the concentration of the compound is the sulphur

content. The compound should typically deliver between 0.005 wt. % and 0.07 wt.

% of sulphur to the finished composition. For example, a sulphurized olefin having

12 wt. % sulphur content should be used between 0.04 wt. % and 0.58 wt. % to



-deliver between 0.005 wt. %and 0.07 w. 9% sul phur to the finished
conposition. An ashless dithiocarbamate having 30 wt. % sul phur content
shoul d be used between 0.02 wt. %and 0.23 wt. %to deliver between 0.005
w. %and 0.07 wt. Qo sul phur to the finished conposition. Anot her
criterion useful for selecting the suﬂ')hur-cont ai ni ng conmpound is the

tent of acti | phu det er m by, ASTM D.1662. Th f
i gh | everGesbeRteEn Aty o RATLEDT Mg SO Qb TSR sogRPatiotn ha sl udge

probl ens iaghlgg%it‘iﬁd&@éﬁ}qg’%'{dgﬁﬂtft o Ehlﬁhlﬂlrc%fléﬁfﬁgum%@&tve@ﬁ the

present invention, t active sul phur in the conmpound is bel ow
1.5 wt. %0dR Wetesm 0i2dl way%ASEMiRr beB&en 0.005 wt. Yoandek@ihpt. & efilphurstel phuri zed
olefin that nay be used in this invention would contain approximtely 12
W . % t ot dlre By oomnosti®At and <1 wt. % active sul phur. Exanpl es of

comerci al |y av/(f;ricJetl | BRI 50?@(:1&:@&1&;?!1?%]l!ll?hlﬂr—cdﬁitz?ﬁiH% BSmPburiul R i zed

fatty oils and ns, that nay be us hi's 1 nvention include those
havi ng appbakhnsftiye Sulphwtas d¥tesined by ASTM ént 6Gndlte paesendé efdtigve sul phur,

approximately 12.5 wt. % sul phur content and 1.5 wt %acg\ ve .sul phur, and
appr oxi matleys)s aipoive swplyn G3AFadde stea Hicantferesionand ludge P8l Bl . An

i m 3 PYaShpH . A
b S R A R R G R T

st andpoi ntactibesgphihnthe &R istEICONTIOMN S shdutrthisaitiypABTH Bilticdum of 8.0
wt % sul phur in order to mnimze the anpunt of addi.tive needed to deliver
the required anbupxargpleofipghighurized olefin thay may beysegfin &is PRERYSEHOY ef i ns,

ashl ess dithi ocar bamat d. ¢etraalkylthi isul phi eul arying

oy opor ¢ orfeRABaPRPLEERY d2a: Heabf SIS R EMA UL B B2

content, athndftd MofithdtBidlly GOAIBN sApkursRt ifaty &ith or mixtures of Exanpl es of

phenol i ¢ anti oxi dants mhicg ﬂzy be used include hindered phenolics such as
joieRin

2, 6- di - butsplpiveized fatw-avistan 6 thiat- maybles ysep e Hios inventipngnelpge thopgyt y| phenol |
2-t-butyl phenol, 2,6-dii 0 enol - et hyl - 65t - but vl nol , 2, 4-
di et ﬁy?/ -%"-‘%PQ?"BH%‘F&S%‘?% Wﬁ?‘%@@?ﬁ’é‘t‘?‘?&%&ﬂ?“n%@t"h@|af‘?‘§e, %‘-"’3{‘]‘?1 _butyl phenol

4- ethyl - g Bsdhmatel Pt ¥ RGN phug cHRERDAND 8558 oY h&thenalphur, and
2,6-di -styryl -nonyl’phenol and ® m xtures thereof. Al so useful are nethylene

bri dged al pproxihatedy $0 sndvtsnlher canterbend g6 ed. %iastjvy sWphurn Asorempde olon wi t h

each other or with sterically hindered unbridged.. phen . Exampl es include
4, 4" - met hyMepRhless ditbiogargpmptethat spay, 1)s,eél ) t}ps_xﬂﬁrﬁvgm?cl 8¢ ot ARk

has approximately 30 wt. % sulphur from a practical standpoint the sulphur-
containing compound should contain a minimum of 8.0 wt% sulphur in order to
minimize the amount of additive needed to deliver the required amount of sulphur.

Mixtures of sulphurized olefins, ashless dithiocarbamates and
tetraalkylthiuram disulphides, in varying proportions, may also be used, as long as
the desired total sulphur content, and active sulphur content are satisfied.

Examples of phenolic antioxidants which may be used include hindered
phenolics such as 2,6-di-butylphenol, 4-methyl-2,6-di-t-butylphenol, 2,4,6-tri-
butylphenol, 2-t-butylphenol, 2,6-diisopropylphenol, 2-methyl-6-t-butylphenol, 2,4-
dimethyl-6-t-butylphenol, 4-(N,N-dimethylaminomethyl)-2,6-di-t-butylphenol, 4-
ethyl-2,6-di-t-butylphenol, 2-methyl-6-styrylphenol, 2,6-di-styryl-nonylphenol and
mixtures thereof. Also useful are methylene bridged alkyl phenols and these may be
used singly or in combination with each other or with sterically hindered unbridged

phenols. Examples include 4,4'-methylene-bis(2,6-di-butylphenol), 4.4'-methylene-



-6- bis(6-t-butyl-o-cresol), 4,4'-nethylene-bis(2-t-anyl-o-cresol),

2,2' -net hyl ene-bi s(4- niethyl-6-t-butyl phenol), nethylene bridged

t - butyl phenol m xtures, iso-octyl-3,5-di- butyl-4-hydroxy hydroci nnamat e
and thi odi et hyl ene-bi s (3,5-di-butyl -4-_diydroxy) hydroci nnamate. Al so useful
are m xtures of nethylene bridged al kyl phenols such as described in USP

3,211, 652. s[?és%'u{y\bo ér&%l Q%“‘ﬁelﬁl&@tb‘@%'t%@ﬂ‘i _o¥rbdol b? 2P Fbtnebq? y(hupto

finished |ubrrcant armoln by wel prefera
0. 15% by weinghhyl-6-t- butylph&'xlmd) pmeggithe bnd@aitmnmylaheml ﬂﬁﬂ\dted,&So-lou@rl-BCﬁ’:lﬂL
conposition as descri bed herein, conprising a hydraulic antiwear

conponent, upddehysirpxy bydrpgipramass andsthiadictifiencolis ihadi-RHE 4t | east one
addi ti onal gﬁ{cégﬁ#g‘a%m amate. Aﬁ-ga %&gﬂrrgﬁlﬂage%f Hx%ﬂé)‘fu,ng brf'ldsgg psent

i nvention ar relatl y avai prepar ppllcatlon
or adapt at i phendls kuuhvas desxrived GuESP 3,211,652. Wsm:alw,}the pllnﬁohydnmmd@taamll wear
additive used in the conposition of the invention is a hydraullc rade zinc
di al kyl di t hi%§hessphiathe fixisigs) lubrigazg insan Jreoysit glerto fetin oy vHrAENL: Prefeashly wear

conmponent i t abl r,use in hydraulic applications, particularly with
respect to ﬁ éy?lﬁ%tgwggghgability (ZDDPs) whi ch have insufficient thernal

stability tend toriegesdeinvapioh atsd frotideslsawmt poRgsificns\Y ddicEised be
corrosive, in particular towards copper. This is a serious problem as

certain hydrlﬁmmccogygtsémacl@fﬁwﬂ@rwgwawemﬁﬁ@éerﬁfa base oilpeitlagst omrmkgr nor e,
t he breakdovxratl g ﬁ&g? q?%sg?ﬁ §gggnfor tion mhlch_ln turn can re;ult

in filter bloc s are suitable for use in

the present i nVe“THchhtxoZidﬁﬁts@bmﬂthH@?rQYént givehiiopreToiaicesial hedlaBRYorbe
used in the present invention are wel known in the art (see for exanple

U S. Pat. Nonaybdprepaedpy tigudnpabitjont dradaptaicordstsnemodeshinyquesli t hi ophosphat e
is a zinc dialkyl di hi ophosphat e t ypi t.ai.ni ng about to about 12
carbon atons and YO tg%%a‘lpwfi%%lﬁegé ?%Hﬁ%ﬁﬂ ‘ﬁgle&gﬂl?%mﬁ?(? % n each

al kyl group. 1n5’érﬁfoﬁﬁ§£’h¥dr‘§@ﬁ@ AL& Yinc QfaWdlﬁQHﬁ}ﬁisﬂ%t@MPﬁ Gy pha 12
carbon atons. Exanples” of SU|tabIe al kyl noi‘eties 1 nclude butyI sec- butyl,

i sobutyl, tegraddfungdns tiee tieydntiweaheoyponesteis shitabje for nsointhyidraubicet hyI hexyl ,

R M R TN AR e

appl i cation iﬂ&fﬁ%%ﬁp&zﬁgal%ta%ﬂﬁy%nﬁ t6 9%3@&%“@' t@?/x@&ﬂd%aneproducts which
can be corrosive, in particular towards copper. This is a serious problem as certain
hydraulic system components are made of this metal. Furthermore, the breakdown
products can cause sludge formation which in turn can result in filter blocking. Thus,
not all types of ZDDPs are suitable for use in the present invention. Zinc
dihydrocarby! dithiophosphates which may be used in the present invention are well-
known in the art (see for example U.S. Pat. No. 4,101,429). Suitably the zinc
dihydrocarby! dithiophosphate is a zinc dialkyl dithiophosphate typically containing
about 4 to about 12 carbon atoms and more commonly about 6 to about 12 carbon
atoms in each alkyl group. Preferably each alkyl group contains about 8 to about 12
carbon atoms. Examples of suitable alkyl moieties include butyl, sec-butyl, isobutyl,
tert-butyl, pentyl, n-hexyl, sec-hexyl, n-octyl, 2-ethylhexyl, decyl and dodecyl.
Preferably each alkyl moiety is 2-ethylhexyl. Zinc dialkyl dithiophosphates of this
type are described in European patent application no. 95306722.0 and are

commercially available.



-7- The ZDDP may be used in the |ubricant over a broad wei ght :
range. It is usual however that the |ubricant contains about 0.4 to about
0.9% by wei ght ZDDP. Preferably, the fluid conprises 0.6% by wei ght ZDDP.
It is generally possible to characterise those ZDDPs which are useful in

the present invention by reference to their overbased to neutral ratio or
by their titratable base nunber (TBN). Useful ZDDPs typically exhibit an

over based t o neltheaDDRtiap bofusdd ionhdluBridant ové:a thpadoweigbt mbgy. D.isushat o 2: 1.

ZDDPs havi an over d to neutral ratio of ab 1:1 ar re conmmonl
Coet. oo Pl PR RO et cavier Srow RS abow My Nz o Comn

usef ul  ZDDRg. g8 ﬂi'ﬂ/'@é&igé-é 9.6% B We[phy 2bwsp of about 10 ngKOH g and
pref erably. Efabou'?)r'lze nlﬁKC]—V] .l e%DDPS fFlaw@n]g a TBN of about 15 ngKOH g are

nore comonl y uded.gefdhlly posdbietorvhmacterise thoeoL B s evhiaht dre ASTM 1D6Ie] .

Alternatively, it is generally possible to characterjse ZDDPs which may be
used by rePESERCBYGIGIORRY reisEnRalo tBeiaAYIPasyd b nqutesl ratigios hudhgipbiratabliec f1 uid

in whicht j e ; 9 k&l 619
and Co A B L D e BBl R, B o R AT
D2619 test ftdne 0Bt nioshicréferabty Ghaub d: 1giARDRs hewingramvwohgsed td easradbf 0. 2 ng.
To pass the CMC "A" test the finished fluid should give a nmaxi num copper

rod rating &0 of ahedt b I REsMmATRROSITIRIE utsdp JOF ratisy ingpicsifnip determingd &Y ASTM

D2619 and @M A"t i o - - .6 possible
to further i rrpnrﬁob’\vlé1 t? %Eass(ffﬁggr%\lrf\gﬁ L@% g@?’ﬁ?@%&%‘%@“ﬁ‘bﬁﬂ‘%‘g‘n mé%‘%ggi tion by
post -t r eat abadt O mKOHZPBR srelffsiigabout $2 AKOHIgh ZBDRanDaREa TBRpoLal |y the
al kanoate is branched on its [err]-carbon atom Such caonponents are al so
descri bed i2howtudopskHiaeermorgspmmoaty wadn§BNois dgwpined in Jererdagiee of zi nc
octanoate is especially an overbased zinc octanoate such as zinc
oct anoat e ﬂ%oa\ﬁ?&blg%‘commrci ally avail abl e under this designation.

I'n an enbodi mentaA@dmithRly, ﬁl‘&@?éde@e{llytﬂ%@siglﬂit@ghzﬁ‘mté@éi ZRDPs Whidhhaaybe a-
napht hyl am ne or 2,6-di-t-butyl-[err]-dinmethylam no-p-cresol, alone or each
i n conbi natusethbwralbredéglodhs tharmal staboyrbf thafineshed badreuliofuid in which they

phenyl e neBOLELA B St Lo A% Aor BE SHE Ry - T o1
- 8- thermal stability tests. To meet the requirements of the ASTM D2619 test the

finished fluid should give a maximum copper loss of 0.2 mg. To pass the CMC “A”

test the finished fluid should give a maximum copper rod rating of 5 and a maximum

sludge deposit of 25 mg/100 ml. The ASTM D2619 and CCM “A” tests are well

known in the art.

It is possible to further improve the thermal stability of the lubricant
composition by post-treatment of the ZDDP component using a zinc alkanoate.
Typically the alkanoate is branched on its B-carbon atom. Such components are also
described in European patent application no. 95306722.0. The use of zinc octanoate
is preferred, especially an overbased zinc octanoate such as zinc octanoate 22%
which is commercially available under this designation.

In an embodiment of the invention the amine antioxidant is phenyl-a-
naphthylamine or 2,6-di-t-butyl-a-dimethylamino-p-cresol, alone or each in
combination with diphenylamine. Combinations based on phenyl-a-naphthylamine
and diphenylamine are preferred.

Preferred combinations of antioxidants include: phenyl-a-naphthylamine,



.di phenyl am ne and an ashl ess dithi ocarbamate, such as nethyl ene-

bi s(di butyl di t hi ocar bamat ) ; phenyl - ac- napht hyl am ne, di phenyl am ne and a
phenol i ¢ antioxi dant, such as 2,6-di-t-butyl phenol; and

plienyl-[err]- naphthylanlne dlphenylanlne and a sulphurlsed ol efin, such
as one derived froma mixture of C 16818 isonerised [err]-olefins. In these
conbi nati ons the phenyl - a-napht hyl am ne may be repl aced by

2,6-di-t- blphyrhylanmermdIayladﬁtssdq‘tbmaé)smatc such as methyleid-cating oils

contenpla inv ntlo cl ude tural

for e in thi oi |
synt het i CE'ISElpd‘P‘i“X Wﬁl‘lg’iawggezrfﬁ‘c el ﬂ?é}’s‘{’ﬂﬁ@w&?lp i %mgfeé% aﬁ’r H]:Q?Cl nlg gl l's
al so i ncl Hﬁ%x@%@%ﬁgﬁ@z @M@Jbﬂgﬁﬂplt&ﬁol %Qﬂgﬁéxﬁ%trﬁah%lmné hetic wax and
sl ack wax, as wel basest ocks oduced by hydr ocracki ng (rather than

sol vent dmemxiamng)antihesumh@md Qiefémduglmsaqnccﬁbnﬂ@h&nmsa mxtem&m I'n
eneral, both th synt.hetic r catin ch have a
Ei nenat i c‘s\?P?élé%qe?)??"r Hﬁgl‘h ef"r%‘n@%@l@slthexp Iﬂ{'le‘? 'pfgrﬁgylgn}x rz%%u 40 xv10-6
nfer r] I's (‘(ﬂ}?&l&i b#' f@d?pgﬁﬂ/l &Qiuﬁ&th%llaﬁ{mé-gq{r&()” C, al though typl cal

applicatio require’each have a viscosity rangi ng from about 2
x 106 n{ er r]/ s Hubriaktg oiB conttplated forued inshisaiautior incbudebmturaB cSt) at

100[ err] Nat ur al bse oils. include an mal . qj l.s,, vegetable oils
(e. E; , caé‘fbﬂcaﬁﬂg oih gynthpier lu gf‘Ff)tmgrPélﬁraB Sttugss teref %éﬂltﬁpledﬁl?' CalRBd oils
derived fr ﬂg‘a& Eﬁllclecli Ai6cks bBGiRae Eérﬁglzaﬂéﬁ Hf@ntl‘i@§3ﬁ£i dndl s$adIE' neral oil.

The mneral useﬁ‘g{glnthls |nv8ﬁt|on i ncl ude al conmpn mneral oil
base st ocm asTheB awbadestocksgiradieedibly hytivatacking (rvakmnttltmmoévamt paraffinic in

chem cal structure. Gls that are refined_by conv ntlon;ta] TTE t hodol ogy
usi ng aci ¢xtragtig) the afppati¢and palar Wc%@ﬁ?@ g atlh Imgeneralnbtiiishi or i de, or

they may he extr y Y raction
with sol vé‘rﬁusrals%§ §%68+1!¥%8F8{n&d#%9‘9m efa Lﬁgﬁ%gph%ﬂrt%u\r”gﬁs tgi crﬁ‘?ﬁé di et hyl

et her, et Gronl fasautrmyl@@ml‘vyw ghouead ed 06mMy@Ebeut | toabbitEdStaviENed, by
chilling or catal ytic dewaxing ﬁr ocesses, or hydrocracked. The_, mneral oil

may be pr cﬂdlib@ezh typensl pRligREEnSAY déqlétﬂﬁaéb@lé? hae LHRRSEE J2Rne feBher i zed
wax: mat er| f?é 1083 29%8\?80 tSO)E %\’5 2 éﬂgupgtcf&t%%?ﬁ%gf)rat 10Q°C. Typicall'y

t he mneraq i“nemat I°c ISCOSI I'es o X 10[err]

nferr]/s to 12 Natmil%ﬁgéoiml@émdté nifndl 6ifY, végetdble 61 (.t cad@Opirand]€d The
preferred mneral oils have Ki nematic viscosities of from 3 x 10[err]

nferr]/s t@l)lpetsolmop@ﬂs]mm{:r@k pily, and gils deripddisim coa pa shadet The pre&srEsd ed are

t hose m ner al % V\fth VISICOISItIeS of 5 x 10[err] nmerr]/s to 9 x 10[err]
IT[ er r.] /s (%at?r& ase o1l 1S mineral o1 -0- 9 cSt )
at 100[err]C. Ty mme?WUﬂ'@Q&éfﬁl inuhisiigednitiog iillde Ais@ithor fhitdtalsoil basent i on

i ncl ude hydrocarbon oil

stocks. This would mclude oils that are naphthenic or paraffinic in chemical
structure. Oils that are refined by conventional methodology using acid, alkali, and
clay or other agents such as aluminum chloride, or they may be extracted oils
produced, for example, by solvent extraction with solvents such as phenol, sulphur
dioxide, furfural, dichlordiethyl ether, etc. They may be hydrotreated or hydro-
refined, dewaxed by chilling or catalytic dewaxing processes, or hydrocracked. The
mineral oil may be produced from natural crude sources or be composed of
isomerized wax materials or residues of other refining processes.

Typically the mineral oils will have kinematic viscosities of from 2 x 10°®
m¥s to 12 x 10" m¥s (2 cSt to 12 cSt) at 100°C. The preferred mineral oils have
kinematic viscosities of from 3 x 106 m¥s to 10 x 10 m¥s (3 to 10 cSt), and most

preferred are those mineral oils with viscosities of 5 x 10° m*s to 9 x 10° m%s (5 to



and hal o-substituted hydrocarbon oils such as oligonerized, polynerized,
and interpolynerized olefins [e.g., polybutyl enes, polypropyl enes,

propyl ene, isobutyl ene copol yners, chlorinated pol yl actenes, poly(

| - hexenes), poly( | -octenes), and m xtures thereof]; al kyl benzenes [e.g.,
pol ybut yl enes, pol ypropyl enes, propyl ete, |sobutylene copol yners,

chl ori nated pol yl act enes, poly(1l-hexenes), poly (1l-octenes) and m xtures

t hereof]; atkykbHW/Enes [e g , dodecyl benzenes, tetradecylbenzenes

di nonyl - benzene [ lhex ) nzene oI hen

bi phenyl s, terpﬁ%ﬁVﬂEﬂ T%VP% % u ﬁ ﬁBﬁVW%% QX§?E¥¥ ar([ﬂ((?ngllsnenyl
ethers, al i l?atl@gulﬂhmgd"wdr&idfb%lﬂ'd#l@%uch?@s c\/@oh]eﬂﬁed If!@ltyl’ meRed \atli ves,
analogs and honol ogs thereof, and the |ike. The erred synthetlc oils

are ol i gonetspaiymesred eloﬁm};f[mgs ,pob@nmlwbmdly)rmylgvﬁmrgpﬂﬁﬂqJSO@éb’é‘ﬁ@ al so

k | ef i t |
oo, e el el el a e lycimes oty (i earnsel TREF LoSentidy biEr 4oy °
derivati Veﬁ&tbﬁgﬁ%&fred@%ﬂ@ylﬁéﬂﬁeﬁe@[& neél Baltslreawboly?fdw%em\@mn nodi fi ed

by esterification or etherification. |s class of synthetic oils is
exenplifi edobuytylepobwn&ymbdsydmmamdlgomxda@ermseuu&y(édmbynqsblg@#ﬁeﬂr%@ﬁe@h of

t hyl d d f th
b0l yoxyal kFrEREuEH fﬁ?%#ﬁaﬁ%ﬂ%hze%ﬁﬁ a1 By Eteihy et ednet her
having an gyer g@en?ﬁeﬁ%miafze %ll) nzl&ﬂop ?ﬂ{%hﬂg‘{[d&?lfg%%?ﬁﬁ,and rono. and

pol ypr opyl ene gl yco avin ecu .
pol y- car boxyrphenyBshleytddetyphényls; and alkhlateddmhenylaamlhaﬂs,atk}éatsd diphexdd

Cerr]-Clerr] fatty acid esters, .and C 2 oxo, acid diester of .t traethylene
glycol ). sulphides, aM@ilr@érth%meﬂabqﬂ@Sc#%Soﬁnds*ngqi%‘tgefFa{aPP‘iEhe'e‘ “0il's

conprises the ?e%ﬁédssy%hedlg'099%}3%&%!)1’1@1580 HodSefifs, amc{?lghp% ?m@t@'o@ll succi ni ¢

acid, al kyl SUCCInIC SUCCInI acl el c acid,

azel ai c aCIdecenau,bed hﬁovﬁﬁ&sﬂbol)&ﬁhﬁ@lﬁir&wrd’A@ wmari c acid, adipic acid,
linoleic acid di mer, malonic acid al kyl mal oni ¢ aci ds and al kenyl mal oni ¢
acids) with a v&yndeic sbrgategmlsal englude plisylgne arigeRBIYMeRexyl al cohol ,

dodecyl  al COhOly&e?g%fﬁogﬁlg XsyL éenvg l/es E@X&@H&eﬁ‘leytg maﬂ\g%%%lene 9' ycol

nonoet hers l%t la)o PecCl I C exanples O ters

i nclude di eduds nad QQén%mdiﬁé@by estdrindabiex vt dtheehiaciah e Thidiclass besythdticmar at e,
di octyl sebacate, diisooctyl azelate, diisodecyl azelate, dIOCt¥|

i sopht hal atogls 1ﬁ¢)@g§)}rﬂﬁeprbyhaplapleyallqﬂmecmgyne@@m@gi@y qu&gng:xzatxon 0
0o e oot Ak A e B ST BT e
S S s s s st
al cohol s. weight of 1000, diphenyl ether of polypropylene glycol having a mollecular weight of
100-1500); and mono- and poly-carboxylic esters thereof (e.g., the acetic acid esters,
mixed C,-C; fatty acid esters, and C,, oxo acid diester of tetraethylene glycol).

Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl
succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids and alkenyl
malonic acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecy!
alcohol, 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoethers and
propylene glycol). Specific examples of these esters include dibutyl adipate, di(2-
ethylhexyl) sebacate, di-n-hexy! fumarate, dioctyl sebacate, diisooctyl azelate,

diisodecyl azelate, dioctyl isophthalate, didecy! phthalate, dieicosyl sebacate, the 2-



-Esters useful as synthetic lubricating oils also include those made from C5
to (Jerr] nonocarboxylic acids and pol yols and pol yol ethers such as
neopentyl glycol, trimethyl ol propane pentaerythritol, dipentaerythritol and
tripentaerythritol. Silicon-based oils (such as the polyal kyl -,

pol yaryl -, pol yal koxy-, or polyarylo%%-siloxane oils and silicate oils)
conpri se another useful class of synthetic lubricating oils. These oils

i ncl ude etbyihaxetdigitersofjlinodmieacid dimeti yWphopgmplex psterafoaned y regeting

§ g}t rez[“(/:)gr?e)é | 3&: g%bg&%ﬁgﬂbﬁghr tgﬁq(rﬁ%lgieéff%!rac%hﬁgrpy gllpgo)%lna tWo lm'o?cas'to?"?-

hexa- (4- gil/N}txatioREME@XK)prélestd 8paBeoil BOhYhe 1B BY bymhddicl@xares and poly
(et hyl phenyl ) sil oxanes. O her 'synthetic lubricating oils include liquid

est ers otdiphies phEu tesCgelohdlni ng acids (e.g., tricresyl phosphate,

trioctylph di et hyl ester. of .decyl ph i id | i
tetra” hyar ofaiauRil e septte Ghuiing ond Y RSRHASR i G thate of s
may be der i ygfodatiRyliefata8dnd 5@1-y51§faha1 Sly8i dtBers Qich Ankbpbn®A el eof .

Unrefined oils are obtained directly froma natural source or synthetic
sour ce ( &rimethybodplopashpdnggerghritodrdigeatadsy thritoLianshyipentadrpinritdlur t her

urification _or treatnent ampl es, of unrefined gils include a shale oil
g_bt ai ned di rec,Sc‘ﬁ_r‘%P“_r*P*l?ﬁﬁiaHS ?Séfﬁi()?%ﬁgf’gb‘é‘?lg_t?ﬁﬁéwgi l_ngi’ar‘g?’?a‘/mﬁfon obt ai ned
di rect!y obramdkpkilddaaE 1698 an@&%i@d’ﬂ\,\% 830 @bmPtise ardlRi,0&d absrs%%*a‘mét'i@m an

esterifi gatl on process, each o ich is then used w thout urt her
t r eat nentlubrRafihgeds.oThsseanils irsiludel tetra-tthyt dikcatey t@faisopdcbpyi Sisicag,depi- t hat

refined ils have been treafed in on r re. purification steps to

i mprove &ﬁ'@‘lb’rlh%é’ e““%‘r“b|5‘§Fat‘%4e‘§?‘%‘§§hffg’l¥ﬁ\$xgﬁﬁﬁ‘F?@a‘F%‘gp‘t‘%hni ques i ncl ude
distill aty r o i i : f i acid or base
extracti tgkgn}?lllwgasﬁl ?%‘rﬁ%%gg%%g?@ -gip:égtr?ﬁ)g{hg%%fq g’ﬁ?il}gﬁﬁg(?@yl?(novm to those
ski |l | ed istloxdies andl polRgnietiiyiptedyDislisxaace OfhensyneicttibYubricagag bikginakedd oi ls in

processes simlar to those used to obtain the refined oils. These
re-r ef i ndi@uisl ¢siers & PEPSPHORIS SRR RENG atds4p-Be HIGESY eppsBbdEsed oils and are

and oi 1 & pe BRI CRTRRRER ool BB Rl P B e e BB 756 00 may

al so be us@ebfagankRBd poly-a-olefinsbase oil, especially for turbine
appl i cati ons. ~In an enbodi nent of the invention the base oil is a
Group 1, G ouplhelubricgingiijpse pils may ke detivedfraan trfimedfreaeidngs qils, & Group 111

Do o ek BB FapatpetsisBRHTRE B BRI R RN T ™25 05 weo

sul phur, SRtHeaE scPe Ok YesAL HaRt Star $:nEBBIhdn) without further purification
or treatment. Examples of unrefined oils include a shale oil obtained directly from a
retorting operation, a petroleum oil obtained directly from distillation, or an ester oil
obtained directly from an esterification process, each of which is then used without
further treatment. Refined oils are similar to the unrefined oils except that refined
oils have been treated in one or more purification steps to improve one or more
properties. Suitable purification techniques include distillation, hydrotreating,
dewaxing, solvent extraction, acid or base extraction, filtration, and percolation, all
of which are known to those skilled in the art. Re-refined oils are obtained by
treating used oils in processes similar to those used to obtain the refined oils. These
re-refined oils are also known as reclaimed or reprocessed oils and are often
additionally processed by techniques for removal of spent additives and oils

breakdown products. White oils, as taught in U.S. 5,736,490 may also be used as the



i ndex between 80 and 120; G oup IIl, [err]0.03 wt % sul phur, and [err] 90

vol % saturates, viscosity index between 80 and 120; Goup IIl, [err] 0.03
wt % sul phur, and [err] 90 vol % saturates, viscosity index >120; G oup 1V,

al | pol yal phaol efins. Hydrotreated basestocks and catal ytically dewaxed
basest ocks, because of their |ow sul pidr and aromatics content, generally
fall into the Group Il and Goup |1l categories. Polyal phaolefins (Goup IV
basest ocks)as@ P, espagipdy fof twhie applieptiopepar ed from various a-ol efins and are

substantially fyee of, sul phur..and aromati.cs. . . The. | ubri cant
conposi tion of { agl cﬁ?téosdgnﬂgnniorq\t/%nltnivonrtll()@i/c Lbaée Blr]ésp%Pé(HJ%[y%§?u Iigrbl endi ng of

the vari ouSrsi@MPBREAbE. Thé DsePofSGioclall & B8R I0bhse oils is preferfe@l t he sake of
conveni ence, and in another enbodi nent of the present invention, the

addi ti ve conpon&he Amgsieah Petrqieurs fistigutohastdategorizadetheseatifferant peegoackvi ded as a

concentrate for roul ation j | ubri cant, coyposition ready for use.
The concen&ypgﬁ%sgﬁg?/wﬁ'o%wz’e%d?{)ﬁwgédf‘ [“tSrnaT 0 %(;B)quléi %ﬁ‘?‘{fﬁ[ﬁﬁd’h%ﬂ?& a

sol vent orindex b&leeh 80 ahd€2(;IGHoHp €10ID OB VM6SsulphRe 258!V ol 9 saflichieent shoul d
be m scible with and/ or capable of dissolving in the base oil to which the

concent r at ¥s¢asity gndse bgtivked 80uidtldB1 GrosplillenOH3amido slilpluanarsl aP@ valdbl known.

The sol vent_.or dil.uent ba il of th ubticating oil

conposi ¢ oTeieS YiseS e Mk STt ol T Ao Cluioparindt HiERGRE! ¢ ne

convent i ongdse@gélistdn@atal3Rally Bel 44K IbaRE 1B, BLdaBsCOMROR Idvh Qﬂﬁhur-lz_lrﬂﬁ
proportions of each conponent in the concentrate are controlled by the

i nt ended degmagcofordértygeneora)ly tthld imd thedproty Bahd€hbup Il titegdresmul at ed fl ui d

i s possi bl itives conmmonl %‘bgsed_i n lubricants/fluids for

: Q her
turbine, al ?W&@B?O‘ﬁ%ﬁ@ﬂ%ﬁggeﬁeﬁwﬁémSémtha QIS BHO2FRGTIR VATiYSuded i n
Lhe conposklgigis 1k AfORESahiALLeHr shBfuliSelihadddyent f on. These include

denul sifiers, corrosion 1 nhibr'tors, dispersants, sul phur- and/or

phosphor us- cont @hailubgicarttcowpasitiagefiths passentrinaintion lndyi Heqirsparddigse addi ti ves,
when present, a‘;lg éj_sed in anpunts conventionally used in such applications.
Some addi t Fifde plgpdigg of Hig varaks FHNRITENts aﬂ@@rﬁwta%/% baseqoil.
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The invention W?PII[ ﬁﬁtgvk\!ﬁeb%t{qowﬂéﬁcgg e 1@3’“&%@ 0 ﬂéﬁdﬁé‘f%g}%ﬁgé that are
not i nt endatrehtiod,ithd 4ddithe eppacttt uidddn briveed 6fthisiifAventign way.be EXAVMPLES

A lubricant conposition was prepared by bl ending conponents in the
propor t i onBroyjifiedasiacgneantraipelof Hirmpldtion 1mteplebricant composition ready for use.

The concentrate may comprise, in addition to the fluid components, a solvent
or diluent for the fluid components. The solvent or diluent should be miscible with
and/or capable of dissolving in the base oil to which the concentrate is to be added.
Suitable solvents and diluents are well known. The solvent or diluent may be the
base oil of the lubricating oil composition itself. The concentrate may suitably
include any of the conventional additives used in lubricating oils compositions. The
proportions of each component in the concentrate are controlled by the intended
degree of dilution, though top treatment of the formulated fluid is possible.

Other additives commonly used in lubricants/fluids for turbine, antiwear
hydraulic and industrial applications may be included in the compositions or
concentrates of the present.invention. These include demulsifiers, corrosion
inhibitors, dispersants, sulphur- and/or phosphorus-containing antiwear agents and
rust inhibitors. These additives, when present, are used in amounts conventionally

used in such applications. Some additives may be included in the concentrate and



Conmponent % by weight Corrosion inhibitor 0.0085 Detergent

0. 050 Rust inhibitor 0. 051 Phenolic anti oxi dant 0. 013

Denul si fier 0. 0064 Process oil 0.0111 * ZDDP

0.510 Base oil Bal ance to 100% The ZDDP was

zi nc di (2-ethyl hexyl)dithi ophosphate.-12- The base oil used was either
a Goup | or Goup Il base oil. Further details of this are given in the

f ol | ow ng sbmladded to the fullyTlorrhblatdllubeidanafiidaoapaestreaton was bl ended vari ous
addi ti onal conpgnents at the concentration(s) listed in the follow ng
tabl e. The resul S AENGBAYIH A0t bedBrstmdsd Boths folkevang Fgamplestal afqinethe CoM

'tlglt')i eNOC ARLRRRAD 1188 11 scd o 1fiE Wi btionfh@n§ g, Shown in the Tol | ow ng
EXAMPLES

A lubricant composition was prepared by blending components in the

proportions specified in the following table.

Component % by weight

Corrosion inhibitor 0.0085

Detergent 0.050

Rust inhibitor 0.051

Phenolic antioxidant 0.013

Demulsifier 0.0064
Process oil 0.0111
*ZDDP 0.510

Base oil Balance to 100%

The ZDDP was zinc di(2-ethylhexyl)dithiophosphate.

The base oil used was either a Group I or Group II base oil. Further details of
this are given in the following table.

To this lubricant composition was blended various additional components at
the concentration(s) listed in the following table. The resulting lubricant
compositions were then tested in the CCM “A”, NOC and RBOT tests. The results

are also shown in the following table.
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NOTES

The Group [ base oil was Texaco [SO 46. The Group II base oil was RLOP
[SO 46. In Runs 8-11 the sulphurised phenolic compound was thioethylene-bis(3,5-
di-t-butyl-4-hydroxyhydro cinnamate). In Runs 12-15 a different sulphurised
phenolic compound was used. The sulphurised olefin was a commercially available
one derived from a mixture of C, s isomerised a-olefins. The ashless
dithiocarbamate was methylene-bis(dibutyldithiocarbamate).

The NOC test was carried out as follows. To each of four 50 mi beakers
added 45 g of test oil and an eighth length of a Copper/Iron coil used for ASTM
D943. The beakers were stored in an oven at 140°C and after 4, 6, 8 and 10 days, the
beaker removed from the oven and the test oil analysed [for colour (ASTM D1500)]
and sludge content (0.8mm filter). The 10 day sludge results are given as mg sludge
per 100 m! oil.

Thermal stability was also assessed using the Cincinnati Milacron Thermal
Stability test, procedure A (CCM “A™) which runs for 168 hours at 135°C with
copper and iron rods.

The RBOT was performed in accordance with ASTM D2272. The test
measures oxidation life in minutes and can be used as an indicator of oxidation
performance in the ASTM D943 (TOST) test.

In the table low sludge in the NOC test after 10 days using a Group [
basestock and a high RBOT result (greater than 500 minutes) using a Group II
basestock are illustrative of antioxidants which impart the desired combination of
thermal stability and oxidation stability.

In Run 1 the additive pack is used in a Group I basestock. A significant
amount of sludge is formed resulting in filter blocking in the NOC test. In Runs 2-15
various antioxidants and combinations of antioxidants are employed. However, in
these Runs either filter blocking occurs when a Group I basestock is used and/or the
RBOT results are insufficiently low (less than 500 minutes) when a Group II
basestock is used. The antioxidant(s) used in Runs 2-15 do not provide the desired

combination of thermal stability (in a Group I basestock) and oxidative stability (in a



-15- NOTES The Goup |I base oil was Texaco | SO 46. The G oup 11
base oil was RLOP I SO 46. In Runs 8-11 the sul phurised phenolic conpound
was t hi oet hyl ene-bi s(3,5- di-t-butyl-4-hydroxyhydro cinnanate). In Runs
12-15 a different sul phurised phenolic conmpound was used. The sul phuri sed
olefin was a comercially avail able orlé-derived froma mxture of (Jerr]
isonerised [err]-olefins. The ashl ess dithiocarbanate was

met hyl ene-(iosp di basestbek)t hi ocar bamat e) . The NOC test was carried out

S gnth Tengtn o npgiiin oo B PEReRHe o RerinBudluokinah sk 7L, o7
stored in ARoRMaR AmbiAliods hcniifyaf WRith give@xtRdadexilitistanabilithm beaker

renoved fromthe oven and the test” oil analysed [for col our (ASTM D 1500)]
and sl udgehe Gmowgnil bagesgeinwitoube3cessiveesludgedaymatiandygker 2 Suvups! kasestgelven as

he: G nei ringEsd: MeErels forfRpmal6-49 sy g o dheR ofamashiSe BRBCBBRRERT) WAl Ch

runs for 168 &%ﬁgh@Exiégtﬁ[eesgz{b]iﬂy‘Mfﬁllfb corRRRlonaN énql%m@dﬁd phenyl-a- The

RBOT was performed in accordancé with ASTM D2272. The test neasures

oxi dat i on daptheylamineiwithtoesexaessicasiudge fosedicas T sandiis e forghe osd efat i on
performance in the ASTM 043 (TOST), .test. . n. 1 he tabl oy sl udge
P the NOG Sulbtbupile e%%gwéw >&nﬁaswaburvsesgé°éj§t@ewsgﬁ&f’a%ﬁ?gﬁ%or
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t her mal stiabividuay aatickidentchasedon stability. In Run 1 the additive
pack is used in_a Goup | basestock. signjficant anount  of sl.ydge is
f or med resultinah?ﬁ‘?$ﬁ%89“£#%§%FﬁﬁsF CHPfRO °F§@P$‘?ﬁcﬁﬁﬁ§m§yﬁ§‘t ari ous
anti oxi da ' [ A 10X datfd@wever, in

t hese angﬁéﬁﬁﬁgpgﬁﬂﬁkE@“Bﬁg%wﬁﬁgaﬁﬁgﬁ%@qaﬁéﬁ“g&ﬁfgﬁgé?y as%stock is used
and/ or t hestalRBETinr@@ub tEbaaeRodkasvitlidut cedebdiye sloded foematidthaned@Groumit es)
when a G oup Il basestock is used. The antioxidant(s) used in Runs 2-15 do
not provi der Hipasesteskigwsedconbi nation of thermal stability (in a Group |
basestock) and oxidative stability (in a



-16- G oup Il basestock). In contrast, Runs 16-23 are illustrative
of the present invention. In these Runs anti oxi dant conbinations are

enpl oyed whi ch give extended oxidation stability in the Goup Il basestock
Wi t hout excessive sludge formation when a G oup | basestock is used. The
results for Runs 16-19 show that addit-tén of an ashl ess dithiocarbamate can
extend the oxidative stability of the conbination di phenyl am ne and

phenyl - a- napt hyl ami ne wit hout excesSL&#VS udge formation. The sane is true
for the use of 2,6-di-t-butyl phenol (Runs 20 and 21) and sul phuri sed
olefin (Runs 22 and 23). The results for these Runs suggest that there is
sone kind of synergy (Rt weanb il Loelbasitbrrdoniitsinpxd Baihdicumedear These
results confirmthat the selection of antioxidants in accordance with the
present i neempboentpndwibdeikhof roxddiave caymistrg arhaninglzhvewdant eatded

oxi dati on siablLi Lyt B oup L1, baseetocks it Lheut excessl vs,aladae

-17- olefin and phenolic, antigxidants to provide a lubgeﬁxlxt'\(ﬁving improved'thermal Mge, in a
| ubri cant conposition conprising a hydraulic antiwear conponent and a base
oi |, of an oxddhitibns@bdoypri si ng an am ne anti oxi dant and at | east one

addi tional antigxi da sel ect ed f{om ashl ess dit hi ocar bamat e,. sul phuri sed

olefin and phendtic, BSFACERAHEHPS!AH Lhivdsicdeths 2PHNFTEIMPOREY %Y i npr oved

t hermal an jp 4 i : AR AVE 2. Use according to claiml,
wherein thcehyg%ﬁh\%%gé&cr}g?p(gﬁgk!t&tl)‘ls()pgom}étf aulic grade zinc

di al kyl di t hi ophakphat®¥se according toZlaim 1 ddsetaiacZ ovlidireig thecbast ail ms 4 Gosupcl ai m 2,
wherein the base oil is a Goup | basestock. 4, Use according to
claim1 or basesipidrein the base oil is a Goup Il or Goup Il basestock.

o oo STEOLOATE 0Pt A LA i i bRt o
Group III basestock.
5. Use according to any one of claims 1 to 4, wherein the additive
comprises diphenylamine and phenyl-a-naphthylamine.
6. Use according to any one of claims 1 to 4, wherein the additive
comprises diphenylamine and 2,6-di-t-butyl-a-dimethylamino-p-cresol.

7. Use according to any one of claims 1 to 6, wherein the phenolic
antioxidant is 2,6-di-t-butylphenol.

8. Use according to any one of claims 1 to 6, wherein the sulphurised
olefin is derived from a mixture of C,¢ ;5 isomerised a-olefins.

9. Use according to any one of claims 1 to 6, wherein the ashless
dithiocarbamate is methylene-bis(di-butyldithiocarbamate).

10. Use according to any onc of the preceding claims, wherein the total
amount of amine antioxidant is from 0.04 to 0.4 wt% based on the total weight of the
lubricant.

11. A lubricant composition comprising a hydraulic antiwear component,
a base oil, at least one amine antioxidant and at least one antioxidant selected from
ashless dithiocarbamate, sulphurised olefin and phenolic, antioxidants.

12. A composition according to claim 11, wherein the additive is as

defined in any one of claims 5 to 9.

A O



6. Use according to any one of clainms | to 4, wherein the additive
conpri ses di phenyl am ne and 2,6-di-t-butyl-[err]-dinmethylam no-p-cresol.

7. Use according to any one of clains | to 6, wherein the phenolic
antioxidant is 2,6-di-t-butyl phenol. 8. Use according to any one
of claims 1 to 6, wherein the sul phur‘?%‘ed olefinis derived froma m xture
of C[err]-[err! isonerised Jerr]-alefins, 9. @ Use according to
any one of clalds 15@MPOsifeePeFerdingdo simdd ©r @i whesimtsdatat ampant

met hyl enes i sitdhn 04K it By 5 . : e ording to any
one of the pr ecegl?a#giaéz é% ﬁ%g’ﬂ‘gg’gﬁ % R%wteéﬁhélbaseg#&flﬁf tog?l %ﬁgﬁteoﬁh?i oxi dant
i s from Ocdddpdsaidh. 4 wt % based on the total weight of the |lubricant.

11. A lubricant conposition conprising a hydraulic antiwear conponent, a
base oil, at |east one am ne antioxidant and at | east one anti oxi dant
selected from ashless dithiocarbamate, sul phurised olefin and phenolic,

ant i oxi dants. 12. A conposition according to claim 11, wherein
the additive is as defined in any one of clainms 5 to 9.

-18- 13. A conposition according to claim11l or 12, wherein the

total anmount of am ne antioxidant is fromO0.04 to 0.4 % by wei ght based on
the total weight of the conposition.
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