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- 1 - LUBRICANT COVPCSI TION W TH | MPROVED ELECTRI CAL PROPERTI ES FI ELD
OF. THE | NVENTI ON [0001] This invention relates to | ubricant
conpositions. Mdre particularly, this invention relates to |ubricant
conpositions having inproved electrical properties specifically,

i mproved el ectrical conductivity and dielectric strength. BACKGROUND
OF THE | NVENTI ON [ 0002] Failures in indudtrial oil systens have been
associ ated with sludge and varnish formation. Sludge and varnish are
insoluble materials formed as a result of either degradation
reactions in the oil, coltEBRIGCANT COMPOSITIONtWITEKp! anations for
the formation of sl udggMPHOMED BOECTRICSE FYOPENBTIRYe varied but
typically include the nature of the base oil, additive instability or
degradati on, bulk oil oxidation, electrostatic discharge and | ow

el ectri cal KHEAUOFI VHEYNVEWDTBDNUch attention has been directed to
the potential role of fluid electrification and electrostatic

di scharge as a prom nent contributor to sludge and varnish formation
in industri il St o= ' ' g [ f

| ocal i zed (PUHe B HERHoR BRI Alchnf o RNy MBIt cur o
in fluids sktieventids ralateasulltbidant éBpoationhReE Ripbridticoficand

el ectrical potential between the fluid and machine surfaces. The
magni t ude dropHHeespesticsdlyatmprovpdelgetrisnt eanduetieitvand disjrstrissteamgtany
factors and grounding of the machine itself has little inpact toward

mtigati ngﬁmm 8];: 8 ion. This is because the oils
used are n 2 Y ERelVsel f-insul ate the charged
fluird zones from grounded surfaces. Once a charge builds up in a

wor ki ng f 1 ypgozioneraifutes RUBERAHENGI] 8§ ¥rh& hAYSERA GSodiB¥d GASSudge and

| ocal i zed thermal oxidative oil degradation. - 2 - [0004]In the
prior art, vasnsh &niagivat iSudgidind verpishaveinseluhlesmgpeisiscidrmad asis eekult
U S. 6,645, 920. .S gi recgted to a,lubri Cﬁti ng oil cqnposition. for

i nhi bi ti ng uStPeindrERAeHeHSERTIPTR fthdie Pibr FRERBHNYION joft 8il BT kfgiing
deposi ts ang3liadgshs Cf@H%}?Qf&hﬁfdnde.sgng dn'ah{/?r'l?%s‘ﬂrﬁa bikst %E}Eﬂeﬁﬁt L
oil. The con'803|t| on conprises an oxi dafl on package, a rus

i nhi bitor, varisetiakt tdpizelly Viatlode the naidre aff thubirdse adil, ngldwtivec istdbjlitanst
optionally other additives, The acidic rust_inhibitor may_ be )
hydr ocar bydegradationabutk il Hypadaions pglectsesfatics dissharaec aadi low Telectsral
of the inv%gh@&%-\gr@y be natural or synthetic lubricating oils such as
m neral, vegeta %¢”and ani mal oils and pol ynmeri zed olefins, liquid
esters and Fi scher-Tropsch hydrocarbons.

[0003] Much attention has been directed to the potential role of fluid

( electrification and electrostatic discharge as a prominent contributor to shudge
‘- and varnish formation in industrial oil systems. Electrostatic discharge is a form
of localized thermal degradation. Electrostatic charge generation occurs in fluids

systems as a result of internal molecular friction and electrical potential between

- the fluid and machine surfaces. The magnitude of the electrostatic charge within
the oil depends on many factors and grounding of the machine itself has little

impact toward mitigating electrostatic charge propagation. This is because the

oils used are nonconductive and effectively self-insulate the charged fluid zones

from grounded surfaces. Once a charge builds up in a working fluid zone, the
subsequent static discharge may cause localized thermal oxidative oil

degradation.



[0005]U. S. 5,744,431 is directed to a lubricant composition used to
prevent electrostatic charge build-up during operations of magnetic
di sk drives in conputer system One of the antistatic additives
di scl osed is STADI' S 450, which was previously used as an antistatic
additive in aviation fuels. The lubricating grease of the disclosed
invention consists of light oil and a thickener, where the light oi
consists of mneral oil, polyal phaolefins, diesters or aliphatic
esters of polyol. [0006]U. S. 5,940,246 is directed to a hydrobearing
fluid for use in hydrodynam c bearing spindle notors for disc drive
data storage devices. The hydrobearing fluid conprises an
el ectr i cal I'yogmn- condtielini MUDRaGAMsAtlc MRIRS HhEAdeH GROEYEA Tave.
non-netal lic, non-magnetic additive. Lubricant base oils iné&Fude
m neral basedehydl.Bcao856,820 isyirktted ite ahlypbricatagbaih sompogisivarfer inhibiting
Addi ti ves include,co rciaIL%lavgglable o;gani ol yners such_as a
ol I

c
sol ution of TaStANHRINPXIPRT, ¥ BYabigp | of; E?fh%lpggléﬂod%ﬁ'é? apd shagdeec

sol vents C9- , ; : i GrAacCi 3 - .
SOyt gl oy IRARE M BBAGRSA U GHRON IR hposiich doporzs n
fluid dynanmogidadani pugktge, e nas Sehibiter] 4 Maaladbartidawd,skn il ¥E lubd@ting

conductive lubricant conprises an ester based oil and an antistatic
addi tive. THECAHE andt prticnallyt piher mdditives.anThe apidiarmast dnhibiserameny be

which is a raljzati f .alkyl benzene.sulf.onaie and

al kyl ani ne. %?g%?(?g'}bégga#@ g gtaﬁg ogggyaaﬂg%agtykaﬁygbslufpgg < gpid- ¢ iﬁiﬁu‘?litqfowe
technol ogy, itveatien ﬁlﬁ‘};ﬁbé\ﬁat@rd?%?@yﬁt@éti@!\ﬂdrﬁ:hﬁﬁ% eilgdeit Av@indriiavegetable
effectively inprove the electrical conductivity in lubricant

conposi t i onguganimahwilst andhipalynérizedontstiss.t liguid dstedseand iFischer-dnopsich
and t her ebyhrg‘%%ci ng the formation of sludge and varnish in oil based
| ubri cants. F 5’]110 Shas been found that oil based |ubricants havi ng
an electrical conductivity of at |east 50pS/mat 25C and a dielectric
strength of at least 300 V/m| would significantly reduce

el ectrost at [@00H] scHASgé,74d. 430 dastireck toid lubyistmnmnpuwsitahyuseddogiragent

the formatiopn of sl.udge and varni sh., SUWARY OF THE | NVENTI ON | )
[ 0010] The pPE%EH%fa%\/gW © llflgrl%ﬂ &uripg  aperalensc ghtMaBbiSs fiskofrivey in

industrial computer system. One of the antistatic additives disclosed is STADIS 450,
which was previously used as an antistatic additive in aviation fuels. The
lubricating grease of the disclosed invention consists of light oil and a thickener,
where the light oil consists of mineral o0il, polyalphaolefins, diesters or aliphatic

esters of polyol.

[0006] U.S. 5,940,246 is directed to a hydrobearing fluid for use in
hydrodynamic bearing spindle motors for disc drive data storage devices. The
hydrobearing fluid comprises an electrically non-conductive lubricant and an
electrically conductive, non-metallic, non-magnetic additive. Lubricant base oils
include mineral based hydrocarbons, synthetic hydrocarbons or esters.
Additives include commercially available organic polymers such as a solution of
a solvent (toluene, isopropyl alcohol, and other aromatic solvenis Cy-Cig),

dodecyl, benzene and sulfonic acid.

e



oi | applications having inproved el ectrical properties. The |ubricant
conposition has an electrical conductivity of at |east 50pS/mat 25C
and a dielectric strength of at least 300 V/m|. Wen fornmulated with
an antistatic additive and GIL base oil, the lubricant conposition
exhi bits excellent electrical conductivity while naintaining its
dielectric strength thereby reducing foelmation of sludge and varni sh
in lubricant systens. - 4 - [0012]1n another aspect of the

i nvention, there is provided a nethod of inproving the electrical

properties [@007] | ubi$.caB3scEitpasiditeotedbyo usicogdudigeanibrishd if6r a fluid
additive of the present invention, [0013]Qher objects and advantages
of the pres@fﬂaml‘h\}&ﬁflpént% el asembled e dard fdiskndrive. dé‘hal ¢anductive

descriptio F PTI ON Ok TH

{00241 i guriabihng songfBs afREE R Q) bl g s hUE SdE e D pptisiti
conduct i vi taddatveGnaybeldn. alldyo4pl édlfonafed vﬁ[éh Rasealobt ﬁeu@ﬁiﬁk&ﬁ&a lkyl
DESCRI PTI ON [ 0015] The present invention relates to a bri cant
conposi t i orbengefasgulfosate ansr Akylaging. ect ri cal properti es | n | ubricant
systens conprising a GIL base oil and an effective anount of a non

metal lic ar[bbﬁé]at | ﬁe?}:ﬂgei {ﬂeVdeances in lubricant oil formulation technology, there
remains a need for antistatic additives that effectively improve the electrical
conductivity in lubricant compositions while maintaining the compositions
dielectric strength and thereby reducing the formation of sludge and varnish in

oil based Iubricants.

[0009] It has been found that oil based lubricants having an electrical
conductivity of at least 50pS/m at 25°C and a dielectric strength of at least 300
V/mil would significantly reduce electrostatic discharge in industrial oil systems

thereby reducing the formation of sludge and varnish.

SUMMARY OF THE INVENTION

[0010] The present invention relates to a lubricant composition for industrial
oil applications having improved electrical properties.  The lubricant
composition has an electrical conductivity of at least 50pS/m at 25°C and a
dielectric strength of at least 300 V/mil. When formulated with an antistatic
additive and GTL base oil, the lubricant composition exhibits excellent electrical
conductivity while maintaining its dielectric strength thereby reducing formation

of sludge and varnish in lubricant systems.

[0011] In accordance with a first aspect of the invention, there is provided a

lubricant composition containing the antistatic additive of the present invention.



[0016] By GIL base oil it is neant a base oil produced from base
stock(s) obtained froma gas to liquid (GIL) process via one or nore
synt hesi s, conbination, transformation, rearrangenent, and/or
degradati on deconstructive process from gaseous carbon cont ai ni ng
conpounds. Preferably, the GIL base stock(s) is derived fromthe

Fi scher-Trospch (FT) synthesis process wherein a synthesis gas
conprising a mxture of H2 and COis catalytically converted to | ower
boiling materials by hydroi sonerisatiort and/ or dewaxi ng. The process

i s describe r a [ t: 8:.9 : 74,
and suitabl go?:gztaal ;e/%lt gﬁétﬁeru%%e%gtf tﬁﬁl&nv%@&%&%@ 1,Se%(%:) P\’ﬁ%g %hrﬁétﬁo‘?s&

i ncor por at edmipesweing thy ¢ledteivainpmpertiesSof alRBHEHET bolapsdtisn AsK (Sihgathe
characterized typically as having kinematic viscosities at 100C of

from about ANHANE addigveRéthe proseptErentipn.ef er abl y from about 3 mm2/s

to about 50 mm2/s, nore preferably fromabout 3.5 nmm2/s to about 30
mR/s. The GIL base stock and/or other hydrodewaxed, or

hydr oi soner i[gemjcatOfer cbcteahd AONRYLHE YBhedfics¥fdinRastfors Wl Kieshme
used typically in the present invention have kinematic viscosities in

t he range ofapawisnt rgmzhedeiadled descriptipnshat folddws.abl y about 4 m2/s to
about 7 nmm2/s, nore preferably about 4.5 nm2/s to 6.5 mMm/s at 100C

Ref erence herein to kinematic viscosity refers to a nmeasurenent nade

by ASTM et PR BES CRAPTEDRTHF AARE DRAWIKES Whi ch can be used as

base stock conponents of this invention are rurther characterized )
typically as having pour points of about -5C or |ower, preferably { 3
about -10C qo014jwerEigoRr el pskbws aley dibRutric 1&ifen@th | Owees el |dledBEdl
preferably about -20C or |ower, and under sone conditions nay have
advant ageou$OBSAtvEYi oftGronp Thkoup 1sad 61T baserqilswi t h usef ul  pour

poi nts of about -30C to about -40C or lower. In the present

i nvention, however, the GIL base stock(s) used generally are those

havi ng pour IPETANSERDRYORIPTRAE or hi gher, preferably about -25C or

hi gher, nore preferably about - 20C or higher. References herein to
pour point refer to neasurenent made by ASTM D97 and sim |l ar

aut omat ed vepsjgns...[| 0019] The GIL base stock(s) .derived from GI
material s, 3@@&& al¥ HEF&}J%’C-“B’& o delgtes Hp o JnddrARt icotposiyion pseful for
sol vent ) devgxesisy Bldogidag Y’@aw'@ssiﬁ%' stmTBl Rt Al LG

st ock( s) ar\gﬁ‘%sl sé géhar act eIPI edltypi cg {zé/ﬂfasgs%avi r?gﬁféfl sc%gi(??/f:%r? ??gs
of 80 or greaten effereveamblint dGnor mgralat artistatiochddiiive, pref erably 120
or greater. Additionally, in certain particular instances, the
viscosity index of these base stocks may be preferably 130 or

greater, nor ef Ok f 0
O oo o oy BE] PR b B DiESEly UK HNIRGD POF Fobdd®
materi al s, pbefesdatitom Fa Tgazaterliqaid,(GTIpepiozkssy vix One- of moM@¥ynthesis,
generally have_a viscosity index of 130 or greater. References herein

to viscosi t gombiatiopefransfosmatomy irerinagnmnk 7nd/ ardegadasiont desopsyuctive

havi Ki i i [ f | b /
Vrecosi ty | MRS frol} BAGRLL eaflonlont B Bitiunds (Peidably, 1Y Gadofack
addi tion, tRecs) ibdasaved eI e RisBhéYPikaH YF 1Y @Htﬂes@@?ﬂ%@ﬁs‘q{gﬁekﬁ? Q%

saturates), and may contain m xtures of nobnocycl dparaffins an
mul ti cycl opayathesingas gopprisingaa invrtwse i Hhomd CE iscoatslyfiaallyf tomertedhe

cobinat 1 ondo VB RRER b o AR SOBE SR B s
GTL base st %l%‘%ib%ﬂ,dfd@%%ﬁraﬁb'lé,sm tyRi P& stgg,gs%gﬁ %ng%lg;%ﬁg %%a%g%ble

ni trogen content, general 'y containing an abo

nor e typi calchiplisessim UhdinPatbdin. A5656637)fcaehaf whichhiesiacaporead Sereihdy
sul fur and nitrogen content of GIL base stock(s) obtained by the
hydr oi somer f#&t%%6%/ i sodewaxi ng of F-T nmaterial is essentially nil




[0021] In a preferred enbodi nent, the GIL base stock(s) conprises
paraffinic materials that consist predom nantly of non-cyclic

i soparaffins and only m nor anmounts of cycloparaffins. These GIL base
stock(s) typically conprise paraffinic materials that consist of
greater than 60 wt % non-cyclic isoparafgns, preferably greater than
80 wt % non-cyclic isoparaffins, nore preferably greater than 85 w %
non-cyclic isoparaffins, and nost preferably greater than 90 wt %

non-cyclic isoparaffins based gn total GIL base stock conposition.
[ 0022] Usef ul00d dhpo&ikly dase stodkfy) argsehasacteriaed) typicallyess hevingnkitkeBatic

Pat . Nos. ! . 301: Q90 nd, §,16%, 949, for .example. .- -
hydr oi sone??lg‘gc%}tgegga t(lg),r0 @&?@fg?’?‘%’)a%&%zﬁél& 9?@%%%@?5’3?% lg?fembiglf%m
oi I, non-nmagnugl3 airh/s newbbat 50! B, %fqr@%&'e?&lbli%xﬁeab%ﬁf giNme¥dto
f eedst ocks such as one or nore of gas oils, slack wax, waxy fuels

hydr ocr ackezbobt 3@nmm¥s:dTear®Bn badef istackesndfvat ottt hgdedewaxed, or

hyrocrackat.,es, fhermal ., crackates, foqts oil, wax f.rom coal
" et act | N ASPISPREHERNERe (B SN BRoRRERHed Map e Tharear Fppi(s) used

non- m ner al Q] d eg@.re %% ; QUECEe der Vv \é\ﬁgy
materi al s, ??r?lglall%r@:g@ aélc ted 1;5@%151@2%E{ﬂ%ﬁg@%ﬁﬁs?@é\hﬁ@é‘ar o%fabom
number of ahfunn?ts oo Tymeatiey prgfeebiyr abbyt dbmui®/3@ Gibogf Gahah?/s, afdre
m xt ures of S‘Eq?-zﬂgi sgner at e/ i sogewaxat e base stocks and base oils.

[0024] A prRSFETRRIY @uiphsemypdtioi 8- SoREn dorbr IXI°Rg pRetararioni kerein to

hydr.ocar bon,: %HEQ ] ' .. br N a sured
by fhe perggﬁ agépggaﬁ% hﬁﬁgﬁggﬁgggﬁgé%%ﬁﬁ?Bﬂ%gy?ﬁgaﬁﬁﬁ%Pﬂﬁﬁgﬁgf
branchi ng, as neasured by the percentage of recurring nethylene
carbons which are four or nore carbons renmoved froman end group or

branch (CHA0818) & kaselstackés) witiel) c@l bousdasbase ytost Somapnuenthpf this
Bl +0. 85 (CHR2> 4) <45 d. id b tock. [0025]. The _/
preferr e((j (gﬂﬁer@f eargtfﬁ%}&&g S&J%gerf%ﬁm%i%ﬁ? E‘%‘ﬁ@g ipgg’al?"i&‘fs ?ltgf]cbé’élga? ,
as having |@spwdpapréferaby Ybasio DRIeCC OPMQW&C%lg&”n?ref{ﬂ%ggl thaR A@oppgm

ni trogen containi ng conpounds, |ess than 20 wppm su cont ai ni ng
conpounds, lewpguatillpviont poéferabds abtan-2018C)r lomet carabhyddressnd bamditi3RC,
a preferred Bl > 25.4 and (CH2 > 4) < 22 5, have a boiling point
of about 378% MY a@%@@%@yum@@e? ﬁ@%r“gggér?f%wﬁ’é%wh SFeIb Rges
branches : n_ n I ve I
PPoirhd D1 FARN LMo AuL YPCIRIBWARY Ll flRfe ﬁéﬁéﬁ}’

branches p 0 carbon atons. ey al so can be charactierize

conbi nat i orhoofevey, theiGETIvibasostotk(sf B gaeraiBaster wdsdlavehd palir pdes of
and ki nematic vi sgési ty (KY), as neasured at 100C represented % t he
formul a: D@bpat-3020y Huglwgoprefeyably abouty25°Crydagher, mgre prebuaigy pheut -

preferred b oGk 4 a rized as .conprising.a

m xt ure of rgn@ﬁg%ﬁ%‘ar%ﬁe%ﬁ@giﬁ%r(régg{oéﬁ@edg%ﬁﬁeﬁ{atg Wn%éufegb%t% by
base oi |l coBEMNBIAtnd edsillardRterited vitskdrdr € of branched paraffins,
wherein said branched paraffins are paraffins having a carbon chain

l ength of about C20 to about C40, a nol ecul ar weight of about 280 to
cbout 502, (L - F R a5 OE g, PR OB s SRR
(0627 1 A aEeh & POk R O DS Skt
> F-T material derived base stock(s) are also characterized typically as having
viscosity indices of 80 or greater, preferably 100 or greater, and more preferably
120 or greater. Additionally, in certain particular instances, the viscosity index
of these base stocks may be preferably 130 or greater, more preferably 135 or
greater, and even more preferably 140 or greater. For example, GTL base

stock(s) that derive from GTL materials, preferably F-T materials, especially F-T



4), and Free Carbon Index (FCl) are determ ned as follows: Branching
| ndex [0028] A 359.88 Miz 1 H solution NVR spectrumis obtained on a
Bruker 360 MHz AMX spectroneter using 10% solutions in CDClI3. TMS is
the internal chem cal shift reference. CDCl 3 sol vent gives a peak

| ocated at 7.28. Al spectra are obtained under quantitative
conditions using 90 degree pulse (10.9 pg), a pulse delay time of 30
s, which is at least five tines the | ongest hydrogen spin-lattice
rel axation tinme (T1l), and 120 scans to ensure good signal -to-noise

ratios. [ OO%?%J;‘ f%%%ﬂ%llki@%@% aa{/ﬁcgs?{yl ﬂﬁgx %?Cl%bddrgé?ﬁtg?él?%f%rg%%%%é}gin to

regions: 9.2 rogens on-aromatic rin

hydr ogens onvigosity fhdexcastbioro AT, métidd2D22 PR MEED 2ydst Gtduds)olanse at
the a-position to aromatic rings; 2.1-1.4,ppm paraffinic CH nmethine

hydr ogens; Kiaematigsvipensity Hf af taash aboutd mat/hgt FSCrandh pyispesitylindex of &

ppm paraffinLg hyl_ .Rydrogens - 9 - [0030] The branchi ng i ndex
(Bl') is cal gﬁefsg%%tg?bt%%wpétg%gF?‘?ugé'rcent of non- benzylic nethyl

hydrogens in the range of 0.5 to 1.05 ppm to the total nonbenzylic
al i phatic hydrogens in the range of 0.5 to 2.1 ppm Branching
Proximty (([:9&2;0%4) In addition, the GTL base stock(s) are typically highly paraffinic

(>90% saturates), and may contain mixtures of monocycloparaffins and
multicycloparaffins in combination with non-cyclic isoparaffins. The ratio of
the naphthenic (i.e., cycloparaffin) content in such combinations varies with the
catalyst and temperature used. Further, GTL base stocks and base oils typically
have very low sulfur and nitrogen content, generally containing less than about
10 ppm, and more typically less than about 5 ppm of each of these elements.
The sulfur and nitrogen content of GTL base stock(s) obtained by the

hydroisomerization/isodewaxing of F-T material is essentially nil.

[0021] In a preferred embodiment, the GTL base stock(s) comprises
paraffinic materials that consist predominantly of non-cyclic isoparaffins and
only minor amounts of cycloparaffins. These GTL base stock(s) typically
comprise paraffinic materials that consist of greater than 60 wi% non-cyclic
isoparaffins, preferably greater than 80 wt% non-cyclic isoparaffins, more
preferably greater than 85 wi% non-cyclic isoparaffins, and most preferably
greater than 90 wi% non-cyclic isoparaffins based on total GTL base stock

composition.

[0022]  Useful compositions of GTL base stock(s) are recited in U.S. Pat. Nos.
6,080,301; 6,090,989, and 6,165,949 for example.

[0023]  Other base stock(s) that may be used in this invention, are paraffinic

fluids of lubricating viscosity derived from hydrodewaxed, or

Ea ¥



[ 0031] A 90.5 MHz3CMR single pulse and 135 Distortionl ess Enhancenent
by -Pol ari zati on Transfer (DEPT) NWVR spectra are obtained on a Brucker
360 MHzAMX spectroneter using 10% solutions in CDCL3. TMS is the

i nternal chem cal shift reference. CDCL3 solvent gives a triplet

| ocated at 77.23 ppmin the 13C spectru? Al'l single pul se spectra
are obtai ned under quantitative conditi"ons using 45 degree pul ses
(6.3 us), a pulse delay tinme of 60 s, which is at |least five tines

t he | ongest carbon spin-lattice relaxation tine (Ti), to ensure

conpl et e r drvalkeisowarieed/caie(os antyent) dzpaxed MWtﬁeM@fgnmral oil, non-
si gnal -t o- nqi se '8 i_0s, an V\ALTZ-%% f)r ot on decoupl |fn%%? %%032% The C
at om t ypes ‘B8 Qb NORRFUSIPUD.OTTNRL YUECE PG Pie TSGR TGRS RR
exper i ment . orAn R i | VB t 8
o 1 5 due e B R Ty Aodenth
or nore remafathiés; aatuaal wagey hymerackatesatichmICeiz ckatdy, . fodisenit, wees frofn

b h t i ned bgsed imari | the 13C chemical shifts,

For the. motdRpl TRHBUPILT TRE IR DR SAEBMER CaRIneR] e Py rBRere ol
b t 003 .

ndox (FG ) ey B afrdE S0tfor MerhBF WAD Elluptile s i bEROREY

nmeasure of Hyldeocaulsledonmbouzials beids catbon munstep afafbbiin20 hatgréedner, ip%@iiaﬂ@
at least 5 carbons froma term nal carbon and 4 carbons way from a

si de chai n.aboBUPR PhEreake, aed mixaresaitsHh isomeprisfizadevarpisrbaae stooksand
t he car bon%ais%oflge FCl are the fifth or greater carbons fromeither a
str i ght chai frm nal nethyl or - 10 - froma branch net hane
carbon. These carbons appear between 29.9 ppmand 29.6 ppmin the
carbon-13 spectrum They are measured as follows: a. calculate the
aver age car(B82dInumdarefsiredneThdlase sioels i ond tempasipg eawtfficls liysirocarbon
acconplished with suffi.ci accur fagr. lubricating oil materials
by si npl y COPIABS (R HIGR R PR ek SARCKPE RADERETELD e Boatogs ol
fornul a weighhyPhy&detns RBIY aid 5}5}%&9 lorCRLRHIAd 3ad Mgk
(chart divisi o%s %r grgal{co)gnat s?ﬁg tﬁe %gé)r age calrl ’0?15! nung"rér f@g%ﬁe
step a. to pebtecataget bf reqiragp anethyEaecperbos bdich ard feuwrs anphee earbons
nmeasure the area_hetween 29.9 ppm an 6 ppmin the sanple; and d.
di vi de by tREOVEd EgFRAN SP%&TCB&OI‘E{?IB&}@%M&%% speh "thétégf BI-R-56cH >
[ 0034] Branghiikg lﬁ'ﬁeﬁ an 4be Lng - Founi er
Transform E@ngb%%?@% er. (g:r%%erd’gbﬁg,%b gganggs%ﬁ’klg%é%péseﬁg&'

performed using a spectroneter having a nagnet of 7.0T or greater. In

all cases, after verification\ggeg Mass Spectronetry, UV or an NVR
survey t hat{08&dmatThke qaebored weltle basseptockt pan dipedirther whanahtopged, if

linited h i an.,, about ..0-,8 T
(1o aet PR hEE Ao 9 Do Rl BB 1 Soan 20
chl or of or myglpriieig o8& icoRthifhig ARnSREIEs 1k tBAS 200WwhpMesuiby: Soflaidinzec

acquisition tinme. In order to mni'mze non-uniformintensity data,
t he pr ot on coapouptisra v geeied obflessd theinngl 88C) refecatdellass franor30PE, tahe

excitation pul se uri cqui sitd on. Total exper.inent ti,nes

ranged fr onP? i%flrgéﬁf?ﬁﬁge‘g gné,—E@H%@#ﬁ ér’i?'gp¥h§§éﬁ¥ﬁ@§£m gopy of ir;g(‘ﬁlut

out accor digigedo Lb B ' LNQr i@t i

descri bed i329t€é O{I}aatr‘ﬁga?éﬁg“égﬁ%?é g%p‘%ér}g??%é ?% ula éo%&&?ﬁcﬂ%ﬁgﬁr ]iOSO
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show quaternaries, The DEPT 45 sequence gives a signal for all 6
atoms. They also can be characterized by a combination of dynamic viscosity
(DV), as measured by CCS at -40°C, and kinematic viscosity (KV), as measured
at 100°C represented by the formula: DV (at -40°C) < 2900 (KV at 100°C) -

7000.



carbons bonded to protons. DEPT 90 shows CH carbons only. DEPT 135
shows CH and CH3 up and CH2 180 degrees out of phase (down). APT is
Attached Proton Test. It allows all carbons to be seen, but if CH and
CH3 are up, then quaternaries and CH2 are down. The sequences are
useful in that every branch nethyl should have a corresponding CH and
the nethyls are clearly identified by chgm cal shift and phase. The
branchi ng properties of each sanple are determ ned by C 13 NMR using
the assunption in the calculations that the entire sanple is

i sopar af fini rr %l p 0 o
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amounts. Th enmbmﬁam’fchedh patadiitheetardcserived St e thtﬁ]uhﬁcﬁlt&iade oil contains

| oni zati on Mass Eectroscopy (FIMS). [0036] GTL base stock(ﬁéﬁre of

| ow or zero 2t PO%Rf Wﬁ#&ﬁ@m@@ma {mpevberein widrbraosked parating

original eq f. r or.s oduce
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environnental regul ations. Such oils, known as |ow SAPS oils, woul d
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or zero ini t| sul .f hosp ru t ent Suc 0| s

base oils cdf %he'r%lp%? ﬁf%& (geﬁ‘o‘?sft an@ﬁé]rP fing ds %F\ém 5@1&
additives included in the for rrul ation contain sul fur and/ or
phosphorus the resulting fornmulated lubricating oils will be | ower or
| ow SAPS oi I[ﬁﬁh’é] ccﬁmﬂhceﬂ)ot.ra tﬂl&JBﬂéirE:hirig‘lhldBkl(BH, dGremélahg dProssintity (CHp >
conventi onal [ 0037] Low SAPS fornul ated oils
for vehicle ‘%nfb‘} (C%étﬁ‘?’l‘ E’é‘&?‘zFEérﬁr? defenimed gapelda®sion i gnited) will
have a sul fur content of 0.7 wt%or |less, preferably 0.6 wt% or |ess,
nor e preferaé): ¥ ]11: E%ﬁ %o or |ess, nost preferabl y 0.4 wt% or |less, an
ash content | ess, preferably 0.8 wt% or |ess, nore
preferably 0.4 wt%or Iess and a phosphorus content of 0.18% or

| ess, prefersg 0. 0 00, w % or
| ess, nost r%%rab‘%yﬁg@g /o or P%&é@ﬁ%ﬂ\%@&ﬁe gﬁ%%ﬁlsegf%c%\g“{&&
even pref erétﬁnyl\ffl—li)mospecﬂ(ﬂﬁaer O8] 0%t ksludbaL imdTIDCIyesTME ishthe
present invention include non-netalli¢c antistatic additives.
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trade nane STADI' S 450 her suitable al kyl aryl sulfonic aci

i ncl ude STAIthS(crg)enwlﬁn-l{im@QJ]dhxanuhanmd (Tidy iandni2€ crpositd i ensire good
conprise a mxture of at.l|east one base stock and/or base oil and at
| east one pé?%f%ﬁﬁ‘éeéﬁkﬂs‘uve Usual |y, the base stock is a single
oil secured froma single crude source and subjected to a single
processing scheme and neeting a particul ar specification. Base oils
conprise at [Dezt dietdmsgestaoelefilddCd0drdietd b folkaninggegpasi ti on of
the present invention conprises a base oil, preferably a GIL base
stock, and an effecd}pige gﬁjﬁq@urgéenganmlh%@hh -addi tive. By
effectlve anount, it is neant that the antistatic additive is present
in anounts rangi ng §-2¢mR apoutydsogens ontodefabooerbs0 agdmd;, preferably

fromabout 10 111/ bout, 20 1 of the total |ubricant
conposi tion. An ef f‘%@% ﬁﬁplérh’i&ﬁl’ I%éydiﬁgv@taém%amnm@ MBI GEBEY he

| ubri cant corrp05|t t ty of at |east
about 50pS/ m at 25 ar%\(ljMr gr&g%%g@%i(g %ﬂelﬁ%t %@é%s | east 300 V/m|.
The base oil constil4lels phe p@?dfﬁﬁm&ﬁlqyﬂieﬁ@ﬂeﬁdlﬁydrb'ﬁgdscam
conposition and typical |%pl s present in an anount rangi ng from about

50 to about 99 wt. bA5-8.3ppmipacaffinisdill; Bsthyd hadwgen9s w . % based on




- 13 - [0041] The lubricating conmposition of the present invention may
be-formul ated with one or nore additional additives such as
anti oxi dants, pour point depressants, rust inhibitors, netal
deactivators, VI inprovers, extrene pressure additives, demulsifiers,
di spersants, solubilizers and antifoamants. [0042] Anobng suitable
anti oxi dants are hindered phenols and aﬁ%ylated di phenyl am nes.
Sui t abl e pour point depressants include pol ynethacryl ates,
pol yacryl at es, ol%‘arylam(.jesz condensati on products of hal oparaffin
ic

waxes and akd§ derisenaides ndeny(BIL isrdadovjatad @s fflod yatier 1, pexoght of non-
t | f diall t i nyl tt id d

o 11 iy DR e b IRERS B e ene) €5 taobad Eph oy dehl mon-
addi tives. Bepgat migﬁaicﬂqﬂﬁafgaﬁtiﬁmaﬁg@o 68fla.1 Eanhe | ubricant

conposition as  netal deactivators. SuiTable viscoSity index inprovers
i ncl ude ol ef] I . | gyl (meth) acrylates, vinyl

aromat i c-d?ll}hﬁ&CBl?l dlisen glr%?%i@tures t hereof. Various types of

sul fur-cont ai ni ng and phosphorus-cont ai ni ng anti wear and/or extrene

pressure agenbey Usados amire, eMI diRaapKL 8! 1SUbIdARSnIS BTkl fitln

ol efins and sulfurized fatty aci oll-so orga
phosphat es, byoPghnizatiph dspisfere@EPTPAIMER gproiap henhabaedneh arBaeicer 360

phosphonites, Suitable denulsifiers include derivatives of propylene
oxi de, et h%ﬁ&%ﬁﬁa&é@w&m@ﬁﬂ uying d8%aselutinnn i SRGhs! IMS is the internal

Al k I NG [ ' d by] - tituted i,Qi id
conpounds. rehfisd Bhis FlelRe STh kB R L R R B 27 2 b
al kyl at ed ahen'dCi grectugh asllatikyleap@ide hpBERNQse dBdiHéAiRdet ghh&%nﬁc%e
al kyl at ed napht hyl enes, al kyl ated bi phenyls and al | cyl at ed di phenyl

met hane. Thoendittons eaingiS degrde pylsec@.d uswalpulssaletaystime 0666 spiwhich is at
anti foamant,. [ 0043].The f oregoi ngg&)ddi ti.ves .are all comercially

avai | abl e gAY ¥mep jgedanesshiapwonepinartes splaxatianaiimg Glod, @densure
i nd dent | i i . abt ai ned
ndependini i o oaconiragp a1 a0 00 8B 810

vari ety of ratigy, add SMAL T 6 postoh desoligigchar acteristics - 14 - are

avai l abl e and sel ection of the appropriate package will take the
requi site use of the ultimte conposition into account. [0044]In

preparing t ubr4 LI iQns, «the aniistati di.tive
conposi ti orlhg?i]t het%gggn@%&éé%%,c%%’ haé'a QE‘ZF{? \1/c£e§1 lﬁedrﬁ%{luﬁhgsl?’s
thereof ar OBPUENC NMR HaReininClh KA CHPRSEnick iR & NVIRXGEctPat
make up a substantially honbgeneous m xt ure.

~29.8 ppm is due to equivalent recurring methylene carbons which are four or
more removed from an end group or branch (CH2 > 4). The types of branches
are determined based primarily on the '*C chemical shifts for the methyl carbon
at the end of the branch or the methylene carbon one removed from the methyl

on the branch.

[0033] Free Carbon Index (FCI). The FCI is expressed in units of carbons,
and is a measure of the number of carbons in an isoparaffin that are located at
least 5 carbons from a terminal carbon and 4 carbons way from a side chain.
Counting the terminal methyl or branch carbon as "one" the carbons in the FCI

are the fifth or greater carbons from either a straight chain terminal methyl or



[ 0045] The following non-limting exanples are provided to illustrate
the invention. Exanmple 1 [0046] A series of |ubricant conpositions
were formul ated and evaluated for their electrical conductivity and
dielectric strength. [0047] The | ubricant conpositions were formul ated
using as the base oil one of a Goup Il base oil, a Goup |ITIA base
oil, a Goup IlIB base oil and a GIL bas®#-oil. The Goup Il base oil
had a viscosity index of between about 80 to 120, a kinematic
viscosity at 100C of about 6 mM2/s and contained | ess than or equal
to about 0. Gesm sUbfauth aRsthaiieai®bn! MEHESO ca@dHR laphOara@iwbed 9900 ppm ¢ and
saturates. The Goup IIIlA base oil was a VI SOMIm base oil havin

ki nemati ¢ viX9coppinyinshe ¢0ben-ds sabetim 6 Thep Axe mFasared aaufollovsB
basestock oil was a YUBASETM base oil having a kinenmatic viscosity at
100C of about 6 nmrn2/s. The GIL base oil had a Ki nematic viscosity of

about 6 M2/ I
- 15 - at 10%0%%%19%%%8?6@ ¢ B8 nfuhbeP e HABKAES A0 BBk i
commer ci al | y aa@ohaisbedinikbrsufficentraademnay EorSﬁhdmﬂ(ﬂg)mHﬁx@ter{aWﬂﬁp@y

el ectrical conductivity e lubricant conpositions was nmeasured at
25C accor di ng glb’lc{lﬁ&th@gw{%ugwm&m.o(@ﬁhq wmple o1 hor it @he Fumailanweight of

reference. The Pﬂ ctrical conductivity was neasured in duplicate. The
dielectric strenéfh was neasured on the bl ends containing 6 pl of

DI NNSA, accay, divifietthe tdtel AoBOA-DS _Htsﬁm'ﬂ e (tisart QiGN Ltk ORI byIYe
reference. Dielectric strength is the voltage at which breakdown

occurs in the #Veiage cappe pembeiciremrsésig. o nb@guﬁ@sntewlama pergabfondn
fluid to W|ths and electrical stress at power frequencies wthout
failure. The r8pSrP8E diel ectric strength results are the average of

ten readi ng%. hHRARRE fiabirea beSREWD Ot m%hhzbfsslgpxﬂhﬂaqeémﬁﬂ@us nd@ny

additive, have very low electrical conductiv , about 2 pS/m Adding
6 pl of St adi s¢ivide4sotheantdgnl gmagfer barbendidm siep br tmobtagdFED i ncr ease
the electrical conductivity of all the base oils to > 50 pS/m As can
be seen, only the GIL base oil achieved an el ectrical conducti vity >

50 pS/'m whi I[gg SH Ni B ZhBGin %h‘?néa‘é'ﬁ n{éﬁtsdiﬁ%he%'éri .%rf%h{l %lnngg%fo ourjer

dielectric stre gthfor e GIL ase oi expelence

reducti on aslrensfpan &IMR tsbeetr@hster.e dRreferabiyf tre me&mmehts sdedpé@ttied
11 A base oil, and a 49% redyctjon for Goup |1IB base oil. By

i nprovi ng t &gl & EPPFEANCEDRGUBE; & inagnst of Hé)'%%ér@itpf t Jfla'ﬂtﬂ P%S&ﬁst after

about 50pS/ r

the anti st a{{;: @hgé?i&l Bﬁﬂdﬁsddlp%f eé‘%r ’\/Igwlt]y(ﬁ?l g uce e“ﬁgg{' ?%%Ja %10 carboris

di schar ge i wérbabsanlrthe aptctail widihsieniiied edyhd Siuatdddcaibeh fRidBabon

of sludge and varni sh,
0-80 ppm vs. TMS (tetramethylsilane). Solutions of 15-25 percent by weight in
chloroform-dl were excited by 45 degrees pulses followed by a 0.8 sec
acquisition time. In order to minimize non-uniform intensity data, the proton
decoupler was gated off during a 10 sec delay prior to the excitation pulse and
on during acquisition. Total experiment times ranged from 11-80 minutes. The
DEPT and APT sequences were carried out according to literature descriptions

with minor deviations described in the Varian or Bruker operating manuals.

[0035] DEPT is Distortionless Enhancement by Polarization Transfer. DEPT
does not show quaternaries. The DEPT 45 sequence gives a signal for all

carbons bonded to protons. DEPT 90 shows CH carbons only. DEPT 135



- 16 - Table 1 Fluid 1 Fluid 2 Fluid 3 Fluid 4 Base G| Goup Il GIL
G oup 111-A Group 111-B Base G|, gm

~11 -

shows CH and CH; up and CH, 180 degrees out of phase (down). APT is
Attached Proton Test. It allows all carbons to be seen, but if CH and CHj are up,
then quaternaries and CH; are down. The sequences are useful in that every
branch methyl should have a corresponding CH and the methyls are clearly
identified by chemical shift and phase. The branching properties of each sample
are determined by C-13 NMR using the assumption in the calculations that the
entire sample is isoparaffinic. Corrections are not made for n-paraffins or cyclo-
paraffins, which may be present in the oil samples in varying amounts. The

4 cycloparaffins content is measured using Field lonization Mass Spectroscopy
(FIMS).

[0036] GTL base stock(s) are of low or zero sulfur and phosphorus content.
There is a movement among original equipment manufacturers and oil
formulators to produce formulated oils of ever increasingly reduced sulfated ash,
phosphorus and sulfur content to meet ever increasingly restrictive
environmental regulations. Such oils, known as low SAPS oils, would rely on
the use of base oils which themselves, inherently, are of low or zero initial sulfur
and phosphorus content. Such oils when used as base oils can be formulated
with additives. Even if the additive or additives included in the formulation
contain sulfur and/or phosphorus the resulting formulated lubricating oils will be
lower or low SAPS oils as compared to lubricating oils formulated using

conventional mineral oil base stocks.

[0037] Low SAPS formulated oils for vehicle engines (both spark ignited and
compression ignited) will have a sulfur content of 0.7 wt% or less, preferably 0.6
wt% or less, more preferably 0.5 wt% or less, most preferably 0.4 wi% or less,
an ash content of 1.2 wt% or less, preferably 0.8 wt% or less, more preferably
0.4 wt% or less, and a phosphorus content of 0.18% or less, preferably 0.1 wt%
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or less, more preferably 0.09 wt% or less, most preferably 0.08 wi% or less, and

in certain instances, even preferably 0.05 wt% or less.

[0038] Antistatic additives of the present invention include non-metallic
antistatic additives. Preferably, the non-metallic antistatic additives are aryl
sulfonic acids, more preferably alkyl aryl sulfonic acids. Even more preferably,
the alkyl aryl suifonic acid is a dinonyl napthyl sulfonic acid (DINNSA).
DINNSA is commercially available under the trade name STADIS® 450. Other
suitable allyl aryl sulfonic acids include STADIS® 425.

[0039] Formulated lubricant compositions comprise a mixture of at least one
base stock and/or base oil and at least one performance additive. Usually, the
base stock is a single oil secured from a single crude source and subjected to a
single processing scheme and meeting a particular specification. Base oils

comprise at least one base stock.

[0040] The lubricant composition of the present invention comprises a base
oil, preferably a GTL base stock, and an effective amount of an antistatic
additive. By effective amount, it is meant that the antistatic additive is present in
amounts ranging from about 5 pl/L to about S0 wl/L, preferably from about 10
ul/L to about 20 pl/L, of the total Iubricant composition. An effective amount of
antistatic additive provides the lubricant composition with an electrical
conductivity of at least about 50pS/m at 25°C and a dielectric strength of at least
300 V/mil. The base oil constitutes the major amount of the lubricant
composition and typically is present in an amount ranging from about 50 to
about 99 wt. %, e.g., from about 85 to about 95 wt. %, based on the total weight

of the composition.

e
- "
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[0041]  The Ilubricating composition of the present invention may be
formulated with one or more additional additives such as antioxidants, pour
point depressants, rust inhibitors, metal deactivators, VI improvers, extreme

pressure additives, demulsifiers, dispersants, solubilizers and antifoamants.

[0042] Among suitable antioxidants are hindered phenols and alkylated
diphenyl amines. Suitable pour point depressants include polymethacrylates,
polyacrylates, polyarylamides, condensation products of haloparaffin waxes and
aromatic compounds, vinyl carboxylate polymers, and terpolymers of
dialkylfumarates, vinyl esters of fatty acids and allyl vinyl ethers. Alkyl
succinimides may be used as antitrust additives. Benzotriazole derivatives are
useful in the lubricant composition as metal deactivators. Suitable viscosity
index improvers include olefin polymers, polyalkyl (meth) acrylates, vinyl
aromatic-diene copolymers and mixtures thereof. Various types of sulfur-
containing and phosphorus-containing antiwear and/or extreme pressure agents
used can be dihydrocarbyl polysulfides, sulfurized olefins and sulfurized fatty
acid esters; oil-soluble organic phosphates, organic phosphites, organic
phosphonates and organic phosphonites.  Suitable demulsifiers include
derivatives of propylene oxide, ethylene oxide, alkyl amines and amino alcohols.
Alkenylsuccinic  dertvatives and hydrocarbyl-substituted succinic acid
compounds may be used as dispersants. Suitable solubilizers include alkylated
aromatics such as alkylated benzenes, alkylated toluenes, alkylated
naphthylenes, alkylated biphenyls and alkylated diphenyl methane. The

antifoamant used typically will be a silicone oil antifoamant.

[0043] The foregoing additives are all commercially available materials.
Indeed, these additives are usually not added independently but are precombined
in packages which can be obtained from suppliers of lubricant oil additives.

Additive packages with a variety of ingredients, proportions and characteristics



6 Conductivity, pS/m 123 68 50 88 Dielectric Strength, VIMI 242 319
278 182
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are available and selection of the appropriate package will take the requisite use

of the ultimate composition into account.

[0044] In preparing the lubricant compositions, the antistatic additive
composition of the present invention, other additives or mixtures thereof are
added to a base stock and/or base oil and are mixed to make up a substantially

homogeneous mixture.

[0045] The following non-limiting examples are provided to illustrate the

invention.

Example 1

[0046] A series of Iubricant compositions were formulated and evaluated for

their electrical conductivity and dielectric strength.

[0047]  The lubricant compositions were formulated using as the base 0il one
of a Group II base oil, a Group IIA base 0il, a Group IIIB base oil and a GTL
base oil. The Group II base oil had a viscosity index of between about 80 to
120, a kinematic viscosity at 100°C of about 6 mm®/s and contained less than or
equal to about 0.03% sulfur and greater than or equal to about 90% saturates.
The Group IIIA. base oil was a VISOM™ base oil having a kinematic viscosity
at 100°C of about 6 mm?%s. The Group IIIB basestock oil was a YUBASE™
base oil having a kinematic viscosity at 100°C of about 6 mm?/s. The GTL base
oil had a kinematic viscosity of about 6 mm?/s at 100°C and a viscosity index

greater than about 150.

[0048] The antistatic additive used was dinonyl napthyl sulfonic acid

(DINNSA). The antistatic additive had a kinematic viscosity of about 6 mm?/s
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at 100°C and a pour point of less than about -40°C. DINNSA is commercially
available under the trademark Stadis® 450.

[0049] The electrical conductivity of the lubricant compositions was
measured at 25°C according to the ASTM D4308, which is incorporated herein
by reference. The electrical conductivity was measured in duplicate. The
dielectric strength was measured on the blends containing 6 ul of DINNSA,
according to the ASTM D877, which is incorporated herein by reference.
Dielectric strength is the voltage at which breakdown occurs in the fluid.
Dielectric strength measures the ability of a fluid to withstand electrical stress at
power frequencies without failure. The reported dielectric strength results are

the average of ten readings.

[0050] Table 1 shows that all base oils, without any additive, have very low
electrical conductivity, about 2 pS/m. Adding 6 pl of Stadis® 450 to 300 gm of
base oil was required to increase the electrical conductivity of all the base oils to
> 50 pS/m. As can be seen, only the GTL base oil achieved an electrical
conductivity > 50 pS/m while minimizing the loss in dielectric strength. The
dielectric strength for the GTL base oil experienced only a 24% reduction as
compared with a 36% reduction for a Group II and Group ITIA base oil and a
49% reduction for Group IIIB base oil. By improving the electrical conductivity
of the base oil to at least about 50pS/m at 25°C and a dielectric strength of at
least 300 V/mil, the antistatic additive will effectively reduce electrostatic
discharge in the lubricant oil system thereby reducing the formation of sludge

and varnish.



[ 0051] As can be seen by Figure 1, there is no correl ati on between the
el ectrical conductivity and the dielectric strength properties.
Therefore, the dielectric strength is not predictable based on the
el ectrical conductivity. [0052]1t will thus be seen that the objects
set forth above, anong those apparent in the preceding description,
are efficiently attained and, since cerigjh changes nmay be nade in
carrying out the present invention w thout departing fromthe spirit
and scope of the invention, it is intended that all matter contai ned
in the above description and shown in the acconpanying draw ng be
interpreted as illustrative and not in alimting sense. [0053]It is
al so understood that the follow ng cl arasvg1are i ntended to cover al

Fluid1 | Fluid 2 Fluid 3 Fluid 4

Base Oil Group Il | GTL | Group IIT-A | Group III-B
Base Oil, gm 300 300 300 300
Antistatic additive, pl 0 0 0 0
Conductivity, pS/m 2 2 2 2
Dielectric Strength, V/Mil 379 421 435 357
Antistatic additive, pl 6 6 -6 6
Conductivity, pS/m 123 68 50 88
Dielectric Strength, V/Mil 242 319 278 182
Dielectric Strength Red. -137 -102 -157 -175
% Reduction 36.1 24.2 36.1 49.0

[0051] As can be seen by Figure 1, there is no correlation between the
electrical conductivity and the dielectric strength properties. Therefore, the

dielectric strength is not predictable based on the electrical conductivity.

[0052] It will thus be seen that the objects set forth above, among those
apparent in the preceding description, are efficiently attained and, since certain
changes may be made in carrying out the present invention without departing
from the spirit and scope of the invention, it is intended that all matter contained
in the above description and shown in the accompanying drawing be interpreted

as illustrative and not in a limiting sense.

[0053] It is also understood that the following claims are intended to cover ail
of the generic and specific features of the invention herein described and all
statements of the scope of the invention, which as a matter of language, might be

said to fall there between.

o



- non-netallic

of the generic and specific features of the invention herein
described and all statenents of the scope of the invention, which as
a matter of |anguage, m ght be said to fall there between. - 17 -
CLAI Ms: 1. A lubricant conposition useful for inproving
el ectrical properties in |ubricant systﬁuéns conprising a GIL base oil
and an effective anount of a non-netallfc antistatic additive,
wherein said lubricant conposition has an electrical conductivity of
at | east about 50§)S/m at 25C and a dielectric strength of at |east
300 V/nil. CLAIMS: 2 The |ubricant conposition of claimi1, wherein
said nonnetallic antistatic additive is an al kyl aryl sulfonic acid.
3. The lubricant conposition.of claim?2, wherej aid al kyl aryl .
sul fonic acid is a?di nofty| 0 ﬁmyFo@BPW}HPcué@lPE. for Improving e[%ﬁ‘gical
| ubri cant Gagpazt iAMuBHcANY sfertd Lfbrilink0a TTINGIE! &1 Slican effective
ntistatic additive |s prese i n“anpunts ranging trom
about 5 pl/dméumtaifeutorbthetdllit antistatic additibe, Whereinudaid tevrtcagpemapbdifian
of any of clains 1 to 4, wherein said GIL base oil is present in an

amount r andiasdinf ¢lestrisaloeAndygtivisy b atiteagbakqut PpShasedSon andtapielgstrimt

of said co Lo . A method for inproving electrical
properti esrggr%ﬁgaﬁ%il%aasmo%gr%&i tion conprising adding a

non-nmetallic antistatic additive to a GIL base oil, wherein said
| ubri cant conposition hf‘e

n.electrical .conductjvity of, at. | east
about 50pS/mat 25C and Pglll%aél_[%r?%rﬁg?sﬂtg%]btﬁctgl‘angt)Ire‘ﬁg?re’é'oég@/ AP
and(" mi xi ngn&aild Addiatic\wddang is ah A28/ Qilfodie abRke up a
substantially honbgeneous m xture.
3. The lubricant composition of claim 2, wherein said alkyl aryl

sulfonic acid is a dinonyl napthyl sulfonic acid.

4, The lubricant composition of any of claims 1 to 3, wherein said
non-metallic antistatic additive is present in amounts ranging from about 5 pl/L

to about 50 pl/L.

5. The lubricant composition of any of claims 1 to 4, wherein said
GTL base oil is present in an amount ranging from about 50 to about 99 wt. %,

based on total weight of said composition.

6. A method for improving electrical properties of a lubricant
composition comprising adding a non-metallic antistatic additive to a GTL base
oil, wherein said lubricant compositibn has an electrical conductivity of at least
about 50pS/m at 25°C and a dielectric strength of at least 300 V/mil; and, mixing

said additive and said base oil to make up a substantially homogeneous mixture.



