WD 2008/ 121269PCT/ US2008/ 003874 - 1 - METHOD FOR | MPROVI NG THE Al R RELEASE
RATE OF GIL BASE STOCK LUBRI CANTS USI NG SYNTHETI C ESTER AND COVPQSI TI ON
BACKGROUNRO@B0sTiIAE26b NVENTI ON FI ELD OF THE | NVENTI ON [ 1] PCmAaISpeosse3sy4
invention relates to Gas-to-Liquids (GIL) base stock(s) and/or base oils
and to the inprovenent of the air release rate of such base stock(s) and/or
base oils and of the lubricating oil conpositions containing such base
stock(s). RELATED ART [2] Rapid air release is an inportant property of

| ubricants especially for industrial oils such as turbine oils, hydraulic
oi | s, omEMEORSDEr IMHROSINMNMAHE [PaR| RKEASH RATEAt@ arL \BABE sTokR BUBRICANTSEUSAEed

i s af f estngdETNC ESEERORND COBRQSITION tenperature (because of its effect on
viscosity), system pressure, the presence of contam nants (if any), and by
the additives used in the lubricant. [3] Lubricating oils, including
hydraulic oils and crankcase oils, often are used in environnents in which
the oil i W) chRahi “;‘ .I ion in the presence of air. As a
consequence, =5 scones entrarneda—in the oil and also forns a foam

[ 4] Foam appears on the surface of an oil as air bubbles greater than 1 mm
in di athfers to the dispersion within the oil of air
bubbles less than 1 mmin dianmeter. [5] Air entrainnent and foamng in

| ubricati o] it . / ' I § air

ent r ai nmd0P1f cau e R R i opRRAEAS ol ERIRAS (I HERRGS o

oper at i oMyt BRe oI ANItB!th@ imPréedhett!dfthe airZeleadd fdte B Suélebpense. |1t can
result in reduced viscosity of a |ubricating conposition. Both air

ent r ai nmetockds)darfdianbasy @brambof thedubrcating bilicdmpeisgronsrantainingusicho
enhanced oil oxidation. [6] Air entrainnment, however, is nore problemtic

t han foarhasg st ing is typically depressed in lubricating conpositions by
the use of antifoamant additives. These additives expedite the breakup of a
foam but f:hg)fr]id? inhibit air entrainment. Indeed, sonme antifoanmants,
such as SHELALED AR typically used in diesel and autonotive crankcase

oil's, are known to retard air release. The rate of air release and anount

P N VA v i e e S i e o M

her ei n hasdustenl oid¢ such ascuirbinetdibst hydtaudid.oils, compressor oils and the like. '
The rate at which the air is released is affected by the oil viscosity, temperature
(because of its effect on viscosity), system pressure, the presence of

contaminants (if any), and by the additives used in the lubricaht_.

[003] Lubricating oils, including hydraulic oils and crankcase oils, often are
used in environments in which the oil is subject to mechanical agitation in the
presence of air. As a consequence, the air becomes entrained in the oil and also

forms a foam.

[004] Foam appears on the surface of an oil as air bubbles greater than 1 mm
in diameter. Air entrainment refers to the dispersion within the oil of air bubbles

less than 1 mm in diameter.

[005] Air entrainment and foaming in lubricating compositions are
undesirable phenomena. For example, air entrainment reduces the bulk modulus

of the fluid resulting in spongy operation and poor control of a hydraulic



[7] U S. Patent 6,090, 758 discloses that foamng in a |ubricant conprising
a slack wax isonerate is effectively reduced by use of an antifoamant

exhi bi ti nyoaosspnemwdi ng coefficient of about 2 nV m w t heatr/uscaseesrng t he
air release time. Wile the specified antifoamant does not degrade the air
rel ease time, further inprovenents in enhancing air release characteristics
are desirable. [8] Many nodern gasolirfe and di esel engines are designed to
use the crankcase oil to function as a hydraulic fluid to operate fuel

i njectors, val,ve train ontrol‘iIl anqué‘he | i ke,. Fo% thﬁﬁse functions, low air
ent r ai nENPCHhY TSSPONSE-aftCanIFRlE I ERdlcEd yiseasiny of 3AURREAN  f or mance

| ubri can ' Rbih A i ¢ s d rate of air
rel ease ;C?Bnr#déﬁﬁeBPm)érl?ggﬁ%@w@faﬂget%gﬁ%n%g?iB@?ﬁﬁﬁ%%ﬁ) ftlt(;ﬁit he proper

oper at i onje@dridrati6n dat t6 enhatrded®il 6xidatien. as engi ne designs evol ve and
beconme ever nore conplex. [9] U S. Patent 6,713,438 discloses a

| ubricating oil conposition that exhibits inproved air rel ease

char act er]086] csAirflérerainmensiliovever cispnoregsobldnaatasthan fpamymg.c Ebaming

pol yal phaol efin (PAO, and two polymers of different npl ecul ar weight. One
of the pds{xnieally depresseddpdpbreating cmpositionshy dhe Hexpf antﬁ)amaméss great er

h 11 kPa. h Lgh VI _PA (o] VAN i
o Ry AR 346 pB D e BB M PP B To B b B Mgl "
al kyl ar oppisSaiPBRtrAhlentY FdRAr g%&xlh'&ﬁti h¥Re, {Jcﬁras%uﬁealﬁroﬁsr opsch process

product streanms I n Fischer-Trops ube base oils to provide inproved yield

as wel | agpicallpuesd iledieselr amdeantontotive dringkqaby silsadreknopar to resardrait udi ng
addi tives solubility of the Fischer-Tropsch |ube base oil. In an exanple, a
4 cSt Fi gelease. TThpsath of airrelgase and agunsit of @ingntraismgnyeblubgicebinger ci al

Che oi | COMRASHON MABBCASRTEINGS By fhefest Metiofiof AR R 1252 Thaesdy brion
- THE | WENTL G0 B8 e YR EER dE IR b7 P TRLRBA,

i mpr ovi ng air release rate o Ica ase’ s and/ or base
oil (s) selected fromthe group consisting of Gas-to-Liquids (GIL) base

stock(s) [@o%] or (PSsPatent 6,990F38 dilosdtrhay fdaghihBen Al lubfieaanpridifig Of

| ubricating oil conposition containing such base stock(s) and/or base

oi |l (s), sesldckremkasbmerape isséfiiertivetly ragluced dy@Ee dfaneamnifoamannekiubithmse oi |
having a kinematic viscosity at 100C of at least 6 inn2/s .4 mR/s

(noni nal adpreadinggeckicient pt 2 b wihquisincreaging the gipredease Simgrp/ s

(nom nal qat, 100C.of ' 6 /s more preferably at | east. 8 s .5 mR/s
(nom nal WHilking gercifiea dnfiintdm 4% RpLEe 508 Bl lsioStind, M. over. A
GIL base ; ob | i I ! &q&? iy at 100C of 6
2/ s .iﬁ{r@gﬁ@&gtﬁsg%?g ;H.gflﬂrﬁﬁgé/aggicga}égfnbﬁgﬁ}:%/ﬁf%%nt| ?%d as a GIL-6.
10121The synthetic ester enployed in the present invention is any nono-,

di-, or t[p08] esMunyomodemygdsotint @ind diesd ehgivley af@d@sigﬁélpt@/héeCth%Ci d ester or
pol yol ester, used in an anount of at |east about 0.5 W% preferably an
armount i reramlecasengdo function as a hydraulic fluid to operate fuel injectors, valve train

controls and the like. For these functions, low air entrainment and rapid air

release are indicative of high performance lubricants. Indeed, it is anticipated

that in the future the rate of air release from engine lubricants will become more

critical to the proper operation of internal combustion engines as engine designs

evolve and become ever more complex.

[009] U.S. Patent 6,713,438 discloses a lubricating oil composition that
exhibits improved air release characteristics. The composition comprises a
basestock, typically a polyalphaolefin (PAO), and two polymers of different

molecular weight. One of the polymers is a viscoelastic fluid having a shear



-4 - to 50 ww% nore preferably of fromabout 1 to 20 % still nore
preferably fromabout 3 to 15 W% nost preferably fromabout 8 to 12 wt%
based on wbeowsizglsd of the GIL base stock and/ or base oipcT/iEb@ssysstheti c
esters have a kinematic viscosity at 100C, of at least 1.5 m®/s,
preferably, in the range of from about .2 mMmR2/s to about 6 nmm2/s, nore
preferably fromabout 2.5 m2/s to abél}t' 5 m2/s. [013] As previously

i ndi cated the base stock and/or base oil is selected fromthe group

consisting of Gas-to-Liquids (GIL) .h k(s), and/ or base qil(s). 10141
GTL mat ersg'ﬁf’%gr&%erﬁ‘ﬁ?%ﬂ T%llp 3 5(“‘%5@5 ér@gggﬂiséﬂg@’ wnd the ethsr gably s Res; s,
conbi nat i sfar Lon, rearrangenent, and/or
degradatﬂgﬁ?ﬁégggé%@ﬁgﬁb§g processes from gaseous carbon-cont ai ni ng
conpounds, hydrogen-contai ni ng conpounds and/or elenents as feedstocks such
as hydroqgfg] capPerpALReé,887,799 reRes BNAX ude of‘ﬁ'ﬂéﬁ%pon%fc@aa@%’ et hane,

et hyl ene, acetyl ene, propane, propylene, propyne,” butane, butyl enes, and
but ynes. afkjicpelepaffinkdedved fronbEeher-Tropch pratesspiredudlssreaimslinbri cati ng
viscosity that are generally derived from hydrocarbons, for exanple waxy
synt hesi Zascheydiropsetblabe base ails 4 previdetmprasdddeldasiwel amteiprpyvide gaseous

e SO o oGO ST R SRR BT 5L eTem
the | ube Q] i o of | ing 1
raor o E1eeR b BB Bl 0 UL PRt S AR AR o

to a finayagi@mbinedseith 59viSh F adontmetciydsv@IMbBiD €l Confianl OB-51 catal ytic
dewaxi ng process, or a solvent dewaxi ng process, to produce |l ube oils of

r educed/ I(BstepuASAY) totreded theytoridgy addhevaid domtairingt B85 wtdepfiasi ng, for
exanpl e, hydrodewaxed, or hydroi sonerized/followed by cat and/or sol vent
dewaxed $PHIRGLT 3 addilve B?Clﬂ%?y hydr ocar bons; (3) hydrodewaxed, or

hydr oi soneri zed/fol | owed by cat and/or sol vent dewaxed Fi scher-Tropsch
(F-T) ma i i OE 10@xy hydr ocar bons, waxes and possi bl e
anal ogou : - hydr odewaxed, or

hydr oi soneri zed/fol | owed by cat and/or sol vent dewaxi ng dewaxed F-T waxy
hydr ocar bons, or hydrodewaxed or hydroi soneri zed/foll owed by cat (or

sol vent) [0trpXxi The pesvexieihventidnwebaess toer methodufor smipheviagfthe bitheleagdi base
stock(s) and/or base oil(s) derived from GIL materials, especially,

hydr odevasiedf lobripgtingpd stoek(s) and(arhase piléy)| setaetgd Homtheeroup mat eri al

derived base, stoc and/ or, , b il(s), e characterjzed typically as
v ng. KIRBRSRNG Of CASoor oy kR bateatooktsS andion Bats GHsTBBIE: “mro! s ¢ o
about 50 : r J / ' e

pr ef erabllg?ﬁ?(r)gm gégéﬁ rg%g? %%E%W% tglémgﬁaw#gls @g%zﬁonzgg!%élﬁhe%%gy a GIL
base st oglodkes) dtﬁﬂotbb!as_khﬂl(b)f( daipeeodbnaprising Rad PRy 4 GAML Badecabak Yt i C
(and/ or solvent) dewaxing of F-T wax, which has a nom nal Kkipnematic

vi scosi t yandfordiaseoilhavieg a kinerdOCViscdsity at HSEG of at ledsb6 (MSTHAEDE270)  of

about 80 t02/130 or, glr eat er. Ion the prgsent invention the GJL base stock
and/ or b&3@Si(nopHpdldy ¥ AtHHO°G ofi g ermt/s)s Preterably ayleast Gowm /o &t | east 6

me/s . / r af | \vn3h least mp . / r ef ey ably at
Teast 8 /s GomRhiEVAR Mok QR Rim s orE pseErilly o pesslBafiplls &

hydr odewgyinAg (RBAinAK YUt 100°8 oY PERAYs) A fe@iv AAbEnIYIL SPRKRYE NT

catal yst. They are al so characterized typically as having pour points of
about - 5Esten. 2bGIIL bdseGtock hndver basSaiVhaRiflg a kinkhjdtic wdchdifyoat, 1G0T€ GTL base
stock(s) and/or, base oil(s) are tygi cally highly paraffinic (>90%

sat ur at e9f 6 BAY/svhy4 BURt/8i Prefsrablyrs2 aTm s ifoegmmapdy identifiedgsen

mul ticycl r6affi ns in conbination with non-cyclic isoparaffins. The ratio
of the napnthenic (i.e., cycloparaffin) content in such conbinations varies
with the catal yst and tenperature used. Further, GIL base stock(s) and/or

base ol | ﬂgi%f yp@ﬁgkﬂ%%?sﬁ%ﬁ l8%(fh‘”h'érpr t.’?ﬁ&{xﬁ&)‘?{‘is%ﬂ% Bho-, @gneral Iy

cont ai ni ess m~ and nore typica ess an about
or tri- ester or polyol ester, preferably monocarboxylic acid ester or polyol ester,

used in an amount of at least about 0.5 wt%, preferably an amount in the range 1



5 ppm of each of these elenents. The sul fur and nitrogen content of GIL
base stock(s) and/or base oil (s) obtained fromF-T nmaterial, especially -
6 - F-T waw,2008312¢x8entially nil. In addition, the abseneetrafS2@swosishor ous
and aromatics nake this material especially suitable for the formnul ati on of
| ow SAP products. [17] The term GIL bgse stock and/or base oil and/or wax
i sonerate base stock and/or base oil 'S to be understood as enbracing

i ndi vidual fractions of such naterials of wi de viscosity range as recovered

in the prodyction process, m xLyres of two re.qf such fractions, as
wel | as 4 2boviee moroReterablyat Bomapeu o 2 wi Sl metcRietabhi ch one.
two or ! I j t | f reif.the bl end
exci bi t s Torp ASHES i | 338%% hor S TCREy BBt 830 R 2 p b el e 0, 7 Phe
GIL mat erwaght ST RGHL Hasé B clobindnartiase odc KIIso sytHéE eftaschAid{ s) is/are
derived is an F-T material (i.e., hydrocarbqns,” waxy hydrocarbons, wax).

[ 19] Syntkimd¢rmatiesiseositysei00°G, oftahdeast &Semim s, peeferatiyyinitheramgs of) t he air
rel ease rate of GIL base stock(s) and/or base oilé§) and of the,]| ubricating
oi | for miTemiabayt Zakm’ /s o RBYVHY Ny p, mere prederabhoRILILQAHE)- S MIBE§d00i | (s)
are the %gno- di-y tri- or polyesters of nono- or di- carboxylic acids
react ed PHt%BHB 31 cohol s or pol yol s, polyols being al cohols containing
nore than one hydroxyl group. The nono- or di-carboxylic acids typically

contain flop3) abautprévivasiyiadicated therbasa saickrmdidt Basetdikisnehetad fanol and
pol yols typically contain fromabout 1 to 18 carbon atons. [20] Esters of

nono- andhelgroupesinsistimgelGias-to-hilquidstad L base stoskés) andiarrhsise 0ilés). by one or

nore aci ds such as hexadecanoi ¢ acid, -heptadecani c acid, phthalic acid,

succinic kd, yl__sueginic i cel ni j | ej c..aci d,
sucel e B B et A <udilfs BN b prdRufhgyige O
linoleic c%frllﬂn tidh etls Foratdtfbnd rddFRAng eRRINY dddPorrdd gad st Rk Corthudtiveml oni ¢
acid, alKky rra?onlc aci d, al keny ma%onlc acid, etc., with one or nore of a
vari ety @frotdssesfront gdseauns baxbonkeontainimpbanposnds) hydrdgenycomthmong| , hexyl
al cohol, dodecyl alcohol, - 7 - 2-ethylhexyl alcohol, n-actyl  al cohol,
i sooctyl compsivads andoyielementsdis feedsbarks,quchias dydrogan; carbpsydioyideal cohol |
etc. Specif,c exanpl gs _of the types of esters include nonvl heptanoate,
di butyl &areeh %‘,Ong?’(“e?z ReUST Hb‘-‘i@?’)é’/ §§l§‘é‘8a‘ft§;‘/ie&‘i€z ﬁ‘E‘ﬁ%l&‘?F’ pioRaNS: e, dioctyl
sebacat e, Hhi i bqﬁﬁg t i te,
di decyl d’ﬁtgir)l%]l%gte’ ,rﬁhygl&?ggélﬁe,%%g?ﬁ%}ﬁgi - so%égr{ga%?%gtoedk?t@?%?ex( r)
A32), di -Hasé dils pteGiaimatdérizls of dutridatibghiscasitythineary Igenterlyadarived ant ex(r)
EHS), etc. Ehzyé];r Q her sfynt hetic esters useful in this invention conprise
t he pol ydromdrydrecarbors: fpoeyampleswaxy synthesipedhydrpcprbansathat 852 one or nore
pol yhydri ¢ al cohol.s,. ferably hindered polyols such as the neopentyl
pol yol s, tg?‘&?&"ﬁ%éﬁ’éﬁﬁl Ot yRpler gaseous ﬁ?ﬁ’cﬂrx‘é‘fﬂﬁwg EPMPOEAIS0I  pr opane,
2- et hyl - I I |RE el itol etc.,
W th one_l.g'rd P%%Lﬁtﬁlergég ggﬁﬁ’o'}ﬂg? gﬁ@@é%@%ﬁ%ﬁ’@gﬁ‘}%@ac, ds)gggént ai ni ng at
| east f’ib%%c_lﬁs A dIONb&eWTHs) Ichids 6 Boidingin3ke ﬁﬂ)’dﬂﬁ!llb@tlﬁf% agigdg1yuch as
caprylic acid, capric acid, lauric acid, nyristic acid, polnmtic acid,
steari c aeparated/fratiienated fonb eymthiesized IGITL owatemals suek iasl fort examplanbyc aci d,
nanoi ¢ acj.d, decanojc acid, g?dec,anoi c acjd, oleic acid and nl'lx ures

4 2\ ’rﬁ%‘

t hereof disttfatigncanghsubsequentty subjgeted te p final yax POCESHIRgG Siop

nycr oyl GTRNES P bttt SR BTRNARRE BlitsS M 8 S RGRNEIbE
hydroxyl hgbe! te3sioduge Y il lof FeiicédAGw Pt PRFRIVEY dynehdsysidowsk groups,

preferabl'y 5 to % unconverted hydroxyl groups based’on the total anount

of hydr oxybmgrates) somprisieg, forexampleyhygrddesvaxedpboyed. See W99/ 36387; U. S.
Patent 5,744,434; U S Patent 5,698,502; W96/ 28525. 23] Preferred esters
are nono-Tysireisemezizgdifellowed byt cat andfor sebysan dowaped yrymthesizesk Wax8Fy pol yol

oot AP RE P TRl SR BRI P B e (1)

and/or solvent dewaxed Fischer-Tropsch (F-T) material (i.e., hydrocarbons,

waxy hydrocarbons, waxes and possible analogous oxygenates); preferably



WO 2008/ 121269PCT/ US2008/ 003874 - 8 - dipentaerylthritol and m xtures
thereof reacted with |inear and/or branched 5 to 30 carbon at om al kanoi c
aci ds. [ ORdlesyrim9of choice are di-isooctyl adepate, dipcrnisd@spbmdi pate,
et hyl hexyl strearate, TMP ester C8-Cl0 and m xtures thereof, preferably

et hyl hexyl stearate, TMP ester C8- Clo_%n_d m xtures thereof. 10251The one or
nore synthetic ester(s) is (are) used i'n a total anmount of at |east about
0.5 % preferably an anount ranging fromabout 1.0 wt% to about 50 wt %

nore preferab abqut % to abo 0] v il r.e r%ﬁl about 3
to 15 wt Y dﬁ?fg”aﬁ‘re et é%%‘%%%ﬁzeéﬂf°é‘%i‘ée%§%€a%‘é‘é5@%ﬁﬁ'&‘%%SY PEof the GTL
base sto g Qgég, ' S JeWakédgpatic viscosity at 100C of
at | east ‘@5}%%‘ p e?%érgg%{/bﬁnﬁ, %‘ﬁgy(?gngeaof fromabout 2 mR/s to about
6 M2/ s, hydrsistmefigédiolfowed by 2Ro(dr sdlvery@éwakingateovixed, FRmraxEbeomr esence
of the esfer inthe G| of at |least nomnal 6 nun2/s kinematic viscosity

i ncr easegnixtureaihercef.ease rate of the GIL base stock and/or base oil,
preferably by at |east about 35%conpared to the air release rate of the

GIL base Kk /Qr..b ' i ] t The GIL
pl'us est éﬁigﬁmﬁﬁi‘t B%Sr‘f %é@ggk#?dyggﬁg%%mﬁj@zggﬁﬁg# &?’ﬁ%&%‘%@%i on wth a
co- base ! i8bmeri28dlcar (aRdWH sl vienit @ gke PBRSE O |
havi ng a%ggﬁ?gf’gg(%gﬁﬁgﬁe%f&g?gg(%lg{)m?ﬂgﬁ&% (va\l/t % a vi sc)(;si ty index (V)
great er trhaeridRerivatl bassustdek(s)camd/enbasef oil(s} sar¢ bharaOtedizeditypicallg as an
Anerican Petroleumlnstitute (APIM oug | Il base_ stock, and/or,a

hydr odewdseingkingmatici iseasitiesdd\ T oMUBAR P bakl 04t af épmzalw%t LB éntd  dewaxed

Gor  vea PG AAFIRGR. neriera R rol gl BT A LG TOTRl e ven |
dewaxi ng éﬁg;eggﬁlk%&ﬂ%%l ?:5 xifnﬁ-r?V@ & Qf‘%utg@’}nﬁi’ﬁﬁ Q?Ek&n%ﬁllégfb%@GTﬂ rom

m ner al on-mneral o waxy eds such as gas oils, "waxy fuels
hydr ocr addege staektder®ed W xthe ddav gxingax hydysisometiektiée catatytic (ands/oral
crackate, waxy oils derived from - 9 - coal liquefaction, shale oil or tar

sang s, et&ol\((erﬁthMgr(ﬁ FlAlm wax,oumhichi hasm@@nmald)&ksematec piseosity efiabguty )

- ' . [27]. 3 i nat i

SEQ s uEm S LRI ndaissasisindt i Al Eizzgfl oF ob3do ROER 88 bove
the, co besykoFl kiRedtARRIU K SRE Y SOt pRU drbRygR 2/ S,

ester Corfyshatin@matieVadddsity 2000000 W alfeasP6 $omis % 4pmet’ey, Pebferadlput 40 to
60 wt % nore preferably apout 45 to 55 w % of any §uch m xture. [28] O her

base st odkasthinoi/sar2 renfls ¢ sere paeferablyas deast ahm fsrc |1 U ARl Group | or

G oup Il base stocks and al kyl at ed nappht hal ene havi n i nepati c viscosities
at 100C il%refmglaarﬁsavqsﬁ treafpifnt Process erpgwamge?aagpé O4b 4,2 PEO§SSS 20

e omrayBhSIEe Ry chBiydl TWEY G 05 sBERPIAL HRAISRST R o

oi l. having pour points of about -5°C to about -40°C or lower (ASTM D97).

[016] In addition, the GTL base stock(s) and/or base oil(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
stock(s) and/or base oil(s) 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) and/or base oil(s) obtained from F-T material, especially



[29] API G oup | base stocks generally have a viscosity index of between
about 80 to 120 and contain greater than abut 0.03% sul fur and | ess than
about 90%veaveraims. APl G oup || .base stocks general |l ypoaus2@800360Sity
i ndex of between about 80 to 120, and contain |ess than or equal to about
0.03% sul fur and greater than or equal ,to about 90% saturates. APl G oup
1l stock generally has a viscosity inéex greater than about 120 and

contains |less than or equal to about 0.03% sul fur and greater than about

d as API

90% sat tes. .[30] R f t G IV b
stocig \?\A%?Flrgs%aﬂé %%“‘8 O ﬁl‘]‘t glagﬁ‘g‘%‘l”glsxggég?%%&eq OP&’:QEB OTRBP af’;\doupogllobase e
t ock

REEE T B

Group | pP8decsd/ or > 0. 03% and > 80 and < 120

[017] The term GTL base stock and/or base oil and/or wax isomerate base
stock and/or base oil is to be understood as embracing individual fractions of
such materials of wide viscosity range as recovered in thé production process,
mixtures of two or more of such fractions, as well as mixtures of one or two or
more low viscosity fractions with one, two or more higher viscosity fractions to

produce a blend wherein the blend exhibits a target kinematic viscosity.

[018] In a preferred embodiment, the GTL material, from which the GTL
base stock(s) and/or base oil(s) is/are derived is an F-T material (i.e.,

hydrocarbons, waxy hydrocarbons, wax).

[019] Synthetic esters useful in the present process for increasing the air
release rate of GTL base stock(s) and/or base 0il(s) and of the lubricating oil
formulations made employing such GTL base stock(s) and/or base oil(s) are the
mono- di-, tri- or polyesters of mono- or di- carboxylic acids reacted with mono
alcohols or polyols, polyols being alcohols containing more than one hydroxyl
group. The mono- or di-carboxylic acids typically contain from about 4 to about
24 carbon atoms while the mono alkanol and polyols typically contain from

about 1 to 18 carbon atoms.

[020]  Esters of mono- and di- basic carboxylic with mono alkanols are
exemplified by one or more acids such as hexadecanoic acid, heptadecanic acid,
phthalic acid, succinic acid, alkyl succinic acid, alkeny! succinic acid, maleic
acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic acid, linoleic
acid, linoleic acid dimmer, polmitic acid, stearic acid, maldnic acid, alkyl
malonic acid, alkenyl malonic acid, etc., with one or more of a variety of linear

or branched chain alcohols such as butyl alcohol, hexyl alcohol, dodecyl alcohol,



Goup Il > 90% and < 0.03% and > 80 and < 120 Goup Il ? 90% and < 0.03%
and > 120 Group |V Pol yal phaol efins (PAO G oup Vs Al other base oil
stocks novoizneudmd in Goups I, I, Ill, or IV [32] Pohe/uRidssomre
typically conprised of relatively | ow nol ecul ar wei ght hydrogenat ed

pol yners or oligonmers of al phaol efins _\A/n_i ch include, but are not limted
to, about C2 to about C32 al phaol efins 'wth about Cg to about Cl 6

al phaol efi ns, such as 1-octene, 1-decene, 1l-dodecene and the |ike, being

preferred. Th refer pol.valph efin Le | y- | t : | - decene
bha pol y 2rebaeRuRafohit ARy uRORR, RastuAicumScdecat e Rspfisy
pol yol ef igfiholiareisslecyl Mcdholbéte. Fpebifft @lanles bPthese 6f%9&sof about Cm
to Cg mgglt%bglr’ﬁsed t%c}t)rovi de’ Tow \Piescom tayﬂ%)ase st gcgﬂ%f acce;s)t ably | ow
vol ati | i tigclule pengl heptamodteedibund adipage,gli¢dethylickxythesebtagate, dgndiexybrer, t he
PAO s may be predomnantly triners and tetraners of the starting ol efins,
wi t h mi ndhmangsendioctil sehacag.ghisooetyl gasletes diipedacyd ageltes dipatyly range
previous lﬁﬁtﬁaqgtles g{jde%?f)]\)/ﬁthalate, dieicosyl sebacate, di-isooctyl adipate (Esterex®

A32), di-tridecyladipate (Esterex® AS51), ethylhexyl stearate (Stantex® EHS),

etc.

[021]  Other synthetic esters useful in this invention comprise the polyol
esters. Such polyol esters are obtained by reacting one or more polyhydric
alcohols, preferably hindered polyols such as the neopentyl polyols, €.g.,
neopentyl glycol, trimethylol ethane, trimethylol propane, 2-methyl-2 propyl-
1,3-propanediol, pentaerythritol, dipentaerythritol etc., with one or more linear
and/or branched chain alkanoic acids containing at least about 4 carbon atoms,
preferably S to 30 carbon atom acids such as caprylic acid, capric acid, lauric
acid, myristic acid, polmitic acid, stearic acid, arachic acid, behenic acid,
octanoic acid, isooctanoic acid, nanoic acid, decanoic acid, dodecanoic acid,

oleic acid and mixtures thereof.

[022]  The polyol esters may include polyol esters having unconverted
hydroxyl groups. Those polyol esters having unconverted hydroxyl groups are
known as high hydroxyl polyol esters. Such high hydroxyl polyol esters contain
from 2 to 50% unconverted hydroxy!l groups, preferably 5 to 35% unconverted
hydroxyl groups based on the total amount of hydroxyl groups in the quantity of
polyol employed. See W099/36387; U.S. Patent 5,744,434, U.S. Patent
5,698,502; W0O96/28525.

[023]  Preferred esters are mono-esters, and polyol esters of neopentyl polyols,
preferably polyol esters of neopentyl glycol, trimethylol ethane, trimethylol
propane (TMP), 2-methyl-2-propyl-1, 3-propanediol, pentaerythritol,



[ 33] Descriptions of PAO synthesis are found in U. S. Patents 3,742, 082;
3,769, 363; 3,876, 720; 4,239,930; 4,367,352; 4,413, 156; 4, 434, 408;

4,910, 355v040@5R21%622; 5, 068, 487; 4,149,178; 3,382,291. Pha/usensns3sed t he
Cl4 to C18 olefins are described in USP 4,218, 330. PAO s derived from Cg,
C10, Cl12, Cl4 olefins or m xtures ther_%o_f may be utilized as co-base stock.
See U. S. Patents 4,956,122; 4,827,064; "and 4,827,073 [34] Lubricating oil
conposition enploying the GIL plus synthetic ester conbination of inproved

air release rate, cap,further, optionally, contai.n one nor e rd or mnce
enhanci nélmwl}ﬁep‘%&ﬁﬂr’m‘w&s3&?’?9&#‘%‘88 Dingar f“—‘g);?lr (5”5?R‘fhpe§i 5Bosi ty
nodi fi er ’30Véa§86}§5f0¥n iag&‘ﬂﬁid Ahgevers, detergents, dispersants, anti-

f oamant s,” pour-pol nt depressants, dyes, extrene pressure additives,
anti-seizure agents, wax nodifier, seal conpatibility agents, friction
modi fi er §924ubr EsfetyoPERIES arcdditisoséts RiéshtedRNtidecFlRa A ety lhergent s,
demul sifiers, corrosion inhibitors efc. [35] For a review of nany commonly
used addistrexese, SEdPKstereyICi panid mbixiucesnthereofdpRéembbdethytiixyl steakade] ag
Chem e, Deerfield Beach, FL; |SBN 0-89573-177-0, which also gives a good
di scussi diVIBresterfember anst mixuires hereoint addi tives identified bel ow.
Reference is also nade to "Lubricant Additives" by MW Ranney, published

by No i f Parl i ~ - 978). ANTI, \EAR EP
oo VEdUESE o ThBBRE ok fore synet st it farch pecbindtige aipEOrat ) or
oot Dese Ao & FoB Phefertf Al abHRT @il RORTEGHI0 0% BORBIRA -

a trend fSQrwipPhidre prefefabeabolt PR&YE foegbaut 20het%9istill Mbid preféraBd extrene
EP additives performthis role by reducing friction and wear of netal

parts. [abdht Yo 16 witey most prefierablydaticue Betot 12 wifbbased anttheweeighidef theves,
for several decades the principal_ antiwear additive for internal c((b)tﬂbusti on
]E)z)rpi I

engi ne cr&hkdase siockandorbase ol Thagstenhasmkansmatic Ysersigral arly a

| di Ldi thi D . . b ! .
Cne, or ot bR (GPrb dn i Gt AL S TRat ZENE sTASBEUEET Tl 1) o e
of the fqoppdlsam@nt préfSILLIIHONRAbOYt 28&h/mR toaibduf8 mil/sl-THSprRbéyde 9r oups,
preferably Cr  Cl2 al kyl groups. These al kyl groups nay be straight chain or

br anched.of The estebin the GYhi afdtllgast sethinal Gnoofs kKimendticovsedityt inGrehses 1. 4

wt % of the total |ube oil caonposition, although npre qr |ess can often be
used advdhe ajdsleasgrate Qﬁ}her&ﬁvbase steck and/er hase gitprp aplyday, ableast f r om

t hese addjti has a del eterious, ef f ect t catal yst, in,catal ytic
conver t erbohas  Eumaen gk F1e3td ik of L OB AG pRLOERE bilc
for mul at i\PpSo\R'tR d gine oils. One way to mnimze this effect is to
repl ace soﬁrrlzoor %F?ﬁop?ﬁ%ﬁgnZDDP w th phosphorus-free antiwear additives.

[39] A variety of non-phosphorous additives are al so used as antiwear

addi tiveq026y! f The ZFTOL Pls édter @drbinatibhIbadé ofiifan\WAdsedrifl ffthagdi ti ves.
Sul fur-contal ning ol efins can be pr egar ed by sul furization or various

or gani ¢ remmebinatien mith aidobgsakioskauch as poly alphpiodefin and/oalhighlyl i ¢ ol efinic

hydr ocarbons cqntaining fromabout 3 to 30 _carbon, at , Jpreferably 3-20
car bon_ araatediase ouring 2 saApsss sontsht af Breaten thal D9 Hier i NISSPOR | ¢

doubl e bqpde, YA EHPAHITERE5a JSLIAFLoRbnt BRIOUN 60RRIETRRS

American Petroleum Institute (API) Group III base stock, and/or a
hydrodewaxed or hydroisomerized conventional catalytic (or solvent) dewaxed
wax base stock and/or base oil wherein such base stock and/or base oil is derived
from natural wax (e.g., slack wax recovered from the solvent dewaxing of
petroleum oil), from other non synthetic waxy feeds, from mineral and/or non-
mineral oil waxy feeds such as gas oils, waxy fuels hydrocracker bottoms, waxy |

raffinate, waxy hydrocrackate, waxy thermal crackate, waxy oils derived from



where each of R3-R6 are independently hydrogen or a hydrocarbon radical.
Preferred hydrocarbon radicals are al kyl or al kenyl radicals. Any two of
R3- R6 maywbeosspnngot ed so as to forma cyclic ring. Addiptirasadosiondsos mat i on
concerning sulfurized olefins and their preparation can be found in USP
4,941,984. [40] The use of polysulfides of thiophosphorus acids and

t hi ophosphorus acid esters as lubricant' "additives is disclosed in U S
Patents 2,443, 264; 2,471,115; 2,526,497, and 2,591,577. Addition of

phosphor ot hi onyl  disul fi des,as _an antiwear, angi oxj t, an P additive is
di scl osegoakliqustagionghalsol %?’éﬁn%’mfﬁ?@%m% T&Wb‘aﬁhﬁ‘%ase

(bi s(dibu t hi ocarb f I i onbi nation with a nol ybdenum
conpoundsfa/(fkéﬁﬁ Qﬁgéﬁgﬁ%‘% F%?%?%Sg@’(/ p o‘isa%ﬂ(#ggl thioate sulfide, for exanple)
and a phosphorous ester (dibutyl hydrogen phosphite, for exanple) as

ant i wear iti i i i i : Ln: . USP

4,758, 36£ di‘scl @Zesnl ﬂli}see@g; Igﬁ‘%gs?ggﬁ%rggﬁ%g ?%%B%lg§§rsé%lﬁg§“iﬁ7ﬁ%r oved

anti wear cafifbifatidreWithithe totbe Ricuks re¢iesl abdve theodbasesteukahdzaarat e as an
antiwear additive is disclosed in USP 5,693,598. Thi ocar bamat e/ nol ybdenum

conpl exekimematiasiscosify @ GATC of dydut @i tor) oman s pae Eerably rabout 3 i 26x
(R=C8-C18 alkyl) are al: seful antiwea gents. The - 13 - use or

addi tion T‘b‘ph@uﬁ'r‘i’f?rﬁf‘ggfai’l%égstﬁdgl r&"bzs’ \i@‘pbﬁop@srﬁsmfﬁﬁmhma‘ﬂ% object is to
produce | ow SAR fao i . I 0 S

ant i wear cgagtﬁ&ugngrgg)gﬁ{eggh%@wt]’n/gférlffégﬁﬁfra;oﬁglfl# rgitggo(ﬁ%;‘gt/é’gﬁ% ggﬁg‘!{%gffbl tates
and nmono,BKLt §4 8 85 WiBY oPanySBeh nfiRdwE. ZDDP is conbined with other
conpositions that provide antiwear properties. USP 5,034,141 di scl oses t hat

a conbination of a thiodi xant hogen conpound (octyl thi odi xant hggen, for
exanpl e) (28] a @then bashistnsks srsh cap bemweseng as eAAse sjockaAn¢lnge ant i wear

D ope e a1 e bEkR 370 et RnBlnafer g Kincspatisg o
di xant hogen. fi Lt q04eE Y 'théfa@et&%?ggfftgzs%m Bleferatloabbmas tPoW th

ZDDP i nproves antiwear properties referred antiwear additives

i ncl ude ph@dphaide pﬁéﬁrﬂﬂ%fabbucmumdﬁn%pﬂheaﬁn@immf@mhicopﬁuse[:St[aikes

and/ or sul fur, nitrogen, boron, nolybdenum phosphor odit hioates, nolybdenum
di t hi ocarcaptayed camtangsruptosabougdfowidioyafdbe totabieeighd of the basecoilidi ng

het erocyclics, for exanple dinercaptothiadi azol es,

nmer capt o t hi agi I riaail j . j i 1 nes,

al cohol s%ggf er@ﬁ(@é‘?’gﬁ;}s‘ SIs, SI@?’ F &aq%‘ e:a gfﬁgg%lﬂgiqqé%e%ﬂc%ﬁwg so be
used. SuGBoAFSD tb 126 aBYcontai 2PEhtENtAR aBUPDT3% suPHAd fes8 thapabowtt %
preferably about 0.01 to 4 wt% ZDDP-1ike conpounds provide limted

hydr oper &% sanieatesp AN ItGroupcld bake biocks generally ihasaal wisdositywndeapf exhi bi t ed
by conpounds di sclosed and clained.in this patent a% can t%re ore be

el i mi nat detweesabowt &bionl dangcaptainilessithamop ggualiteboyt 003y spHur

FNDEX. | N RERadt () o el o ROV} Yot T s R mgp 5= T
| MProVer §,35\4 \ﬁ?&?dl&ﬁnflig)g pfddtESthafABolt PEEahA ¥ohfARHONESS ﬁ*)an%xgéqtﬁﬁtd ubricants

wi th high and [ ow = tenperature operability. These additives inpart

shear st abiout 0Y0384 selfev atd gréacembanboesdGidanmarst abl e vi scosity at | ow
tenperatures. [45] Suitable viscosity index inprovers include high

g“ sper sarl036] Rapoliaiet °4C§I¢%§§Sas%5%'e§36%§fiésﬁ3 Giouba Y, heles ZsaIIEHé‘”e;
10, 000 + Ay AR GRS B calliofed SR APLGRGRE M MBS ASG, “and oven mor e
typi cally between about 50,000 and 200, 000.

[031] Table A summarizes properties of each of these ﬁve groups.




[ 46] Exanpl es of suitable viscosity index inprovers are polyners and

copol yners of nethacryl ate, butadiene, olefins, or alkylated styrenes.

Pol yi sobuwglessei2isea comonl y used viscosity index inpreg¢erss2080bizes
suitabl e viscosity index inprover is polynethacrylate (copolyners of
various chain length al kyl methacrylatgs, for exanple), sonme formulations
of which also serve as pour point depressants. Qther suitable viscosity

i ndex inprovers include copolyners of ethylene and propyl ene, hydrogenated
bl ock copol yners of styrene and isoprene, and pol yacryl ates (copol yners of
various chain length acrylates, for exanple). Specific exanples include

styrene-i soprene or Sty{f@}ﬁ’?\?{ﬂﬂ%ﬂ@%&@%@%& of 50,000 to 200, 000

nol ecul ar wei ght 10471 ex I nprover Yy be used in an anount
V‘Se‘iﬁxrzﬂé?" erabl'y Jadg@ir 0. 01 t0 4] YidGstWThEEd DANTS |[ 048]
£ —el H I . Uiv 1 = :

Ant i oxi gt etard—ti Xt gattve W‘l 0 QLRI Ty SET|Vi Ce.
Such deg il < e di5 S bb ﬂ/:bq.@ tal—s r,.ﬁQ,, d><ﬂ’ “.?ese. ce of

sl udge, [&irodpJl scosf 2 P0Pmandase in 1.0.03%and, [ a80and £4d0in 1 he |art
knows a|wGrdepVHri etly>O0%andat i on i[nki0HIX%medt hat prd20seful in |ubrifcating
oi I com@sobbIVs. SeERolvAI NFins(PlA®Y | cants and Related Products, op cite,

and U. S[Paterts 4,7, aud. | : : -11ipT- 9] |Usef ul
anti oxi osg."}.to‘i:' NS AN Base ol S0 kéLH inchide éfjlﬁo?pg%tpb@,d%rn]\i‘ rly be
ashless (metal -free) phenolic conpounds or neutral or basic nmetal salts of

certain i +od YR | i ] iqaﬂxﬁo are the
hi nderedqgﬁgﬁoliﬁég%?&ﬁgr%&%Eg?%hg@vgvﬁlagﬁ?%%ﬁ%g&r?oa S (laé:l cal ?/%tndered
hydr oxyl ngdpsenafidtpdIpaes o 6iigdﬁefdﬂ@ﬁﬂpﬂwlbﬁﬂ§ mdfich eiclddé)titaxynar y!

conpounds i n which the hydroxyl groups are in the o- or p-position to each

ot her. Tyjmited tqylaboot Cs taaboutxC gatpladlefihadéthtabouhCadeabdupbenol s
substituted with C6+ al kyl groups. and the gl kyl ene, coypl ed derivatives of
these hi RéRhaoleiyssuehkas eesl-éqceaﬁeﬂ-&ioﬁec aé’rq'g‘FLsiﬂ@P %F’rﬂgs type

2-t-butyl 4- tylph P I ctyl. phenol .  2-t.bytyl - 4- ecyl
phenol ; gr%tf%&%_dt lm%ﬁr?gé_rﬂeecﬁpéqﬁm%ﬁrﬁfréy 8&1? n(géﬁ?%%pi?]ggd%%cy ep gnol ;
2- met hy 1131y -1bgddebefle ah@Rhiktured Bk of MMPmixEEbiYin-erivedpolyottfigdecyl
phenol . her useful hindered nono-phenolic antioxidants may include for
exanpl e Howeverdthz, dintirs af hjghehebefinscinghe pangmoLabemit €7 4 de O,y atayviss .

Bi s- phenoli¢c antioxidants may al so be adyantageoqusly used.in conbination
wi th t he used taprovide éowivascosity bape stocks obperplatlyidowav et s i ncl ude:

fé’né' >, > R i VR BORS ah e sardhd el e AT B n ol Lt
ot ot amrddmhapblyirifndis A te@ithkts AP Ak GIEHAS, with minor amounts

i nhi bi t orgf thé hidhereYigbmers drhvinie b wiktositp rmigecpreniowlyardcitediabonts and t hese
may be used either as such or in conbination with phenolics. Typical

exanpl es of _non-phenol.i c anti oxi dapts incl ude:, yl at ed. - al kyl at ed
aromatic [ﬁgﬁsﬂes ﬁ%l}%%ﬂ%?@é&x%y ?ﬁi%ﬁ“f%}@émafmibvg- k’éﬁ%ﬁ g’nlag@iQN wher e
R8 is an j J I [ ' £ L hgaqr ; g 8c.an
romat | ¢ oo Bt BTRR SRS A TS B basH AR ROSST

R*S(0) xR95d1¢2; 5?068?18&5‘49'49?1'F83®,3@,E9D.y|1‘h8@in&fs &f fely| @B group, RL2 is
a hi gher al kyl group, or an alkenyl, aryl, or alkaryl group, and x is 0, 1
or 2. Thelefinpaetdescgbedin BSP2 18330ai PA Of oderivedfraboCs, @, €as,dm at ons,
and preferably contains_fromabout 6_to 12 carbon atons. J& al i phatic
group i s deling of mixiyres thereol may b atilized as gp-base staskanisg, UpbHatesis and Ro
are aroma*t'?I Zé%’?@???o Ht eddgm?: groups, and the aromatic group may be
a fused r7? 56’ ’éroﬁlb ’ napht hyl . -Aromatic groups R8 and R9 may
be joined together with other groups such as S. [51] typical aromatic
amties WpXi S : S j ut 6

car bon ool ERABHFalY Bil3 oo Lrphg ShP €A Bl e eyt
nonyl , angnsisiixtion 6€apaived, ait Feledlel mtw¢dncfugthersptidrallyn@intgiardmei or nor e
than about 14 carbon atonms. The general types of am ne antioxidants useful
in the prmssrperfompnseenbascingadditévasi qomaprysingiantisweptagepl, ambRxidankni nes,
phenot hi azi nes, i m .dodi benzyl s, and.di phenyl , phenyl ene di am nes,. M xtures of
P or | ORREORIY O RGeSy, BOY SGPERNAT Sl AR ise IS LAt BBHE | oxi clant s
can al so be used. Particul ar exanples of aromatic am ne anti oxi dants usef ul
in the present invention include: p,p'-dioctyldi phenylanm ne;

t-octyl phenyl - al phanapht hyl am ne; phenyl - al phanapht hyl am ne; and

p- octyl phenyl - al phanapht hyl ami ne. [52] Sulfurized al kyl phenols and al kali
or alkaline earth nmetal salts thereof also are useful antioxidants. [53]
Anot her class of antioxidant used in lubricating oil conpositions is

of abouf— 0O




[ 54] Preferred antioxidants include hindered phenols, arylam nes. These
anti oxi dants nmay be used individually by type or in conbination with one -
17 - anotweroosAzets9addi ti ves may be used in an anount ofPCahsae0800BI4to0 5
wt% preferably about 0.01 to 1.5 m% nore preferably zero to | ess than
1.5 wt% nost preferably zero. DETE S [55] Detergents are conmmonly
used in lubricating conpositions. A typical detergent is an anionic
material that contains a |long chain hydrophobic portion of the nolecule and
a smal |l er,_ anionic or_al hobi c _hydrophilic portion of.the | ecul e. The
ani oni . fBRRRAR BoUREnG PRt S  dyes steeats Dbt Adiivy SnplH SR ¢ aci o
such as f i G164 S 1 , or
it ur o5 RSP OB OSE AP b G ngERRORILEIOR fhofffcts, IODBRRY. 21 ol
netal .  [apBhtsSedti-staifiak apentsathroinsphitticdidn, dennilsifiergetrosioramount of the
nmetal are described as neutral salts and have a total base nunmber (TBN, as
measur ed iblyibAST\WD2896) of from O to 80. Many conpositions are overbased,
containing | arge anounts of a netal base that is achieved by reacting an
excess of a netal conmpound (a netal hydroxide or oxid for exanple) with
an aci di 4033k (Eoearedewniypany commely %@@Qﬁ‘tﬂ’ﬁé%gﬂ?@aﬁ%nbe neutral ,
m | dly overbased, or hi,ghl,y overba . 57]. I .1 Se i | ¢ f | east
sone dete Ficants agg lg?)glregﬁ)srggpcﬁls{r%g@gg’e&% eebggﬁggﬁe{agghght f%l? 1%tze acidic
| mpurl Ul @Reds Py eosh, WhitRIsHATVESA bBBA RRASSionTh MRABEFOARENIABRAEsht N 1 he
oil. Typically, the overbasea” material has a ratio of netallic ion to
ani oni ¢ pEditivas idéntified belber. gRefereicedibalio thal®td “Labhfark Additivesyby val ent
basis. Mre preferably, the ratio is fromabout 4;1 to about 25:1. The
resul t i ngMd¥t Ragaey, published by MoyesdDatlatCorporatiamef Paskridgey DV dAPT78§)- have a
TBN of about 150 or higher, often about 250 to 450 or nore. Preferably, the
overbasing cation is sodiu al ciym or nmagnesium A m xture of detergents
IWMRARANID ERAR present invention. - 18 - [0581
Preferred detergents include the alkali or alkaline earth netal salts of
sul f onat es, phenates, carboxyl ates, phosphates, and salicylates. [059]
Sul f onat y SR efBidhca G dntieat anderexirear) | y. obt ai ned
by sul foﬁg??];n gf%bngyl gg%gﬂqﬁs@d Ffgromati ¢ hydrocarbons. Hydrocarbon
exanpl es pressuvel (EPhadditioes ai ovddr by pedvigé adéqumtdentienar protéatiome, xyl ene,
napht hal ene, bi phenyl and their hal ogenated derivatives (ch|qrobenzene,
chl or ot ol lnereasinghyspesi BeasinnsHon gllaesiormance haxe exhibiteda t&ﬂ’ﬂé&&ti ng agents
typically _have about 3 to 70.carhpon atops. The al kar t typically
contain dHBHPV%f??%U‘é{B%rLRmQﬁgFéroﬁﬁe 8?1' r@ﬁtéwggrr C’i‘{%’-}g %‘ﬂ%&@ﬁy jg/%l cally
from abo%erﬁ&rﬁ&i?%l@%&%ﬂuﬁh@'ﬁie ioﬁ@gb Wi B etalparkyibdr i cants and Rel ated
Products™, op cit discfoses a-nunber of overbase tal salts of various
sul fonic acids which are useful as detergents and dispersants in
| ubr i pant[amgh_evmmqmé atd @@ny differep@fypeddsidnitivasir additivés, foraevaeer and R
K. Smth, published by the Lezius-H les Co. of Ceveland, Chio (1967),
si mi | ar| ydethded thegrimipal rintiweat addidiviesfoe dntstial coatbestioh gngineecrapkéase as

di spersant s/ detergents. [61] Al kaline earth phepates ar not.her usef ul
class of Qilsisagastal aliydthiophasphaternd mare B@“ﬁﬂrfépmm"é lPﬁ‘g?éﬂt rine earth

R b W i B LA,
%Zouczpé ! @gﬁgﬁa@(zpﬁj}- zigpmcﬁ@ggnﬁaggs&rggy GROoftHe/forsfugaps, preferably,

es of suitable p i_ncl ude” i sobutyl phenol

s i

2- et hyl heZyISPEBYOR " )(ORY)) piviierd R' dnd ®Aydre (heBglalkyrmtotps; prefegablytCshoul d be
noted that starting al kyl phenols may contain nore than one al kyl
subst i t udat: alkytgranps.cAbesq alkphavnupsimygy be supight chaii of yanghet ckBE. Wien a

oy ot nocl DB s ety Whes i SR oLt M B R LA PE YR e, e
of al kyl p&gﬁ%pﬁgﬁﬁoﬁ%ﬁ%dgﬂ R9ré8f ss ChR DAed BuldsiRAahaigedusyur . sul fur

hal i des su

[038] However, it is found that the phosphorus from these additives has a

deleterious effect on the catalyst in catalytic converters and also on oxygen



- 19 - as sulfur dichloride, and the Iike) and then reacting the sulfurized
phenol with an al kaline earth netal base. [062] Metal salts of carboxylic
aci ds ar ewal2s@/uswbul as detergents. These carboxylic aecu/useasnossm s may
be prepared by reacting a basic netal conpound with at | east one carboxylic
acid and renoving free water fromthe action product. These conpounds may
be overbased to produce the desired TBN Tevel. Detergents made from
salicylic acid are one preferred class of detergents derived from

e oer b%nt‘o&ﬁn‘l’q? oistRlesolher Hieorulation] e LSAAE ORI QRO 7o gen
at om or ﬂ!nt%t eHhRUEFERS Pdrepla@ Wbr i o‘fﬂ'i@Z[DI?PQﬂ&l %ﬁoép%oﬁﬁ‘s i nt eger

from1l to Mrs an al kal rne nmetal. Preferred groups are al kyl
chai ns offretardtivesdr additivest ef erably C13 or gr eater. R may be optionally
substituted with substituents that do not interfere with the detergent's

M cal d03d A RBSES Sadn: Bﬁsmchqgﬁh%%ﬁ%ﬁ?gﬁa?atlrwrtiaw%@gﬁypLZf or apan ad
from phengy ﬁb\té?és égrgfdf?ieﬁ eﬁﬂecﬁ Eﬁwéﬁri@ﬁ FPidditilee Suifat- salts of

t he hydrocar trtute satrcy I'cC acids may be prepared by double
deconpos ldohtlﬁnﬁtfg Slefins ahn balprepared bpsubfurizalivie o vatiobs afgandt araterialal cohol .
[64] Alkaline earth netal phosphates are also used as detergents. [65]

Det er gentincltdinghaliphatis, arydaliphajisnersalinyclin alefinic hydvprasbons eantaindng conpl ex
det er gent The | atter deter ents c t he proper S - 20 -
detergentéo%atbﬁb‘ﬁg t?ﬁ@ Gacken t?"Eﬁ é’rﬁi‘%gf@ﬂ&:ga? ¢ qut%%as L[g@(’lf’)éﬁ‘% 034, 039
for exanp [ | ci um
sul f onat eAO%pO"{"cr g {'3[ [q%gtt &% ﬁé%—%ﬁéerﬁah@% enalf(ﬂ.Jdc Srr\%tﬁcgﬁs?ﬁ m su onat es,
magnesi Urgefled By @k%nﬂﬂﬁl ot her rel ated conponents (including borated

detergents). Typically, the total detergent concentration is about 0.01 to
about 6.0 w% preferably, about R’R'CeCB’ R Wt % DI SPERSANT

where each of R*-R® are independently hydrogen or a hydrocarbon radical.
Preferred hydrocarbon radicals are alkyl or alkenyl radicals. Any two of R’-R®
may be connected so as to form a cyclic ring. Additional information concern-

ing sulfurized olefins and their preparation can be found in USP 4,941,984,

[040] The use of polysulfides of thiophosphorus acids and thiophosphorus acid
esters as lubricant additives is disclosed in U.S. Patents 2,443,264, 2,471,115;
2,526,497, and 2,591,577. Addition of phosphorothionyl disulfides as an
antiwear, antioxidant, and EP additive is disclosed in USP 3,770,854. Use of
alkylthiocarbamoyl compounds (bis(dibutyl)thiocarbamoyl, for example) in
combination with a molybdenum compound (oxymolybdenum diisopropyl-
phosphorodithioate sulfide, for example) and a phosphorous ester (dibutyl
hydrogen phosphite, for example) as antiwear additives in lubricants is disclosed
in USP 4,501,678. USP 4,758,362 discloses use of a carbamate additive to
provide improved antiwear and extreme pressure properties. The use of
thiocarbamate as an antiwear additive is disclosed in USP 5,693,598.
Thiocarbamate/molybdenum complexes such as moly-sulfur alkyl dithio-

carbamate trimer complex (R=Cg-C,g alkyl) are also useful antiwear agents. The



[67] During engine operation, oil-insoluble oxidation byproducts are
produced. Dispersants help keep these byproducts in solution, thus

di m ni shiwg 200sgi2126deposi ti on on netal surfaces. D spersaoraSeeg/obss7ashl ess
or ash-formng in nature. Preferably, the dispersant is ashless. So called
ashl ess di spersants are organic rraterjfg§ that formsubstantially no ash
upon conbustion. For exanple, non-netal-containing or borated netal -free
di spersants are consi dered ashless. In contrast, netal-containing

detergent s _di sed e . n.conbusti.on. 10681 Suitabl e

di sper saies o PAHRER OIS Far R TP AR KRR T mifrenat B Mt BBy i gn
mol ecul an r&?ﬁ%ﬁgmﬁ%i&ﬁai n. The polar group typically contains at

| east onge enent of nitrogen, oxygen, or phosphorus. Typical hydrocarbon
chains contain 50 to 400 carbon atons. [069] Chem cally, many di spersants
may be cH@fbkt Estersplalypprohmaysbe usadasmantivkear agentisy iEasexgmplesmeno-,
sal i cyl atgs apht henat es, st.earates,,carbanmat.es, thiocarbanates,
phosphordﬁ’ Mﬁf@%{f‘%a&ésmolﬁorﬁ?‘f‘}‘ ?Sa?'ﬂlml??@frm'“éﬁaﬁesssmﬁy%ﬁiussﬁ rsants are the
al kenyl succinic derivatives, typically produced by the reaction of a |ong
chai n sulfe42} utZDDH isesorhbinud evith othes epaipoditions Ukt progidedtiwéait ed succinic
anhydride, wth a pol yhydroxy or polyam no conpound. The |ong chain group
const i t utpregertins Sé’oéﬁ%ﬂilélpbselpws t a gembinastan ef ahiedixanthogen confers

AR R SSRAYBE ol B
e e L S

3, 454, 60 thatuse ¥ a%hatal 311@@%99@1@@&&(5@@1 3thoRyethyikantbatd, 534, 435. Ot her
types of dispersant are described in U'S. Patents 3,036,003; 3,200, 107;

3, 254, 02&xag\pda)mmbatdixantdggend dietBoxyeth wsdixagthogen Jod example), 184 7;

3,697,574; 3,725,271, 5, 480; ) )
com mat?on wzth EDY) improves antiwear properties.

4

[043] Preferred antiwear additives include phosphorus and sulfur compounds
such as zinc dithiophosphates and/or sulfur, nitrogen, boron, molybdenum
phosphorodithioates, molybdenum dithiocarbamates and various organo-
molybdenurh derivatives including heterocyclics, for example dimercaptothia-
diazoles, mercaptobenzothiadiazoles, triazines, and the like, alicyclics, amines,
alcohols, esters, diols, triols, fatty amides and the like can also be used. Such
additives may be used in an amount of about 0.01 to 6 wt%, preferably about
0.01 to 4 wt%. ZDDP-like compounds provide limited hydroperoxide
decomposition capability, significantly below that exhibited by compounds
disclosed and claimed in this patent and can therefore be eliminated from the
formulation or, if retained, kept at a minimal concentration to facilitate

production of low SAP formulations.

VISCOSITY INDEX IMPROVERS

[044] Viscosity index improvers (also known as VI improvers, viscosity

modifiers, and viscosity improvers) provide lubricants with high and low



3,726, 882; 4,454,059; 3,329,658; 3,449, 250; 3,519, 565; 3,666, 730;

3,687,849; 3,702,300; 4,100,082; 5,705,458. A further description of

di sper sarnwe 2nesy12i%9 f ound, for exanple, in European Pat @ot/uspRiocssrs on No.
471 071, to which reference is made for this purpose. [70]

Hydr ocar byl - substituted succinic acid i:g_rrpounds are popul ar dispersants. In
particul ar, succinimde, succinate esters, or succinate ester am des
prepared by the reaction of a hydrocarbon-substituted succinic acid

conpound preferahbl v _havi. east,: 0. .car t 40t h ocar bon
substi tuéﬁf’,ﬁe’iﬂ&‘l"% (é}erfbéggg @h%geedgﬁm\szse’ agf é}ée%I gf%;‘/llltgn ei%h‘%%d are
particul @%&pem&feymd aEZéﬂtaﬁwsdusifk%%@gsmbef sby the condensation
reacti on between al kenyl “succi ni ¢ ahhydrides and am nes. Mol ar ratios can
vary dependi n%(qqn t he poly-anmi ne. For exanple, the nolar ratio of al kenyl
succi ni c [a#Bly duitable Visqusity mgdgxympyoyaers imelide high molesularoveight 1.

R ti I h in US .Patents 3 087, 936; 172.892;

5, 210, 6874500 obiesEss o34 iibaklly indisngrgVesadng SR ha Anedifa par

No. 1,09 : S SUC e d |

reacti on%%ﬁ%gﬁiﬁgﬁw&@cﬁﬁ?gﬁ f/l rl§p féé;ing.ﬁg“yg}/ccagﬁg@g@@gﬁpolg}ggg_ Mol ar
rati os caf théeypolgmenvarebetwetiababtcrd)000 e 1/000y000, nsere typieallpabont e, the

condensation product of an al kenyl succinic anhydride and pentaerythritol
i s a usef20,0¢f) &p%(0;800,.and even more typically between about 50,000 and 200,000.

[046] Examples of suitable viscosity index improvers are polymers and
copolymers of methacrylate, butadiene, olefins, or alkylated styrenes. Polyiso-
butylene is a commonly used viscosity index improver. Another suitable
viscosity index improver is polymethacrylate (copolymers of various chain
length alkyl methacrylates, for example), some formulations of which also serve
as pour point ‘depressants. Other suitable viscosity index improvers include
copolymers of ethylene and propylene, hydrogenated block copolymers of
styrene and isoprene, and polyacrylates (copolymers of various chain length
acrylates, for example). Specific examples include styrene-isoprene or styrene-

butadiene based polymers of 50,000 to 200,000 molecular weight:

[047] Viscosity index improvers may be used in an amount of about 0.01 to 8

wt%, preferably about 0.01 to 4 wt%.

ANTIOXIDANTS

[048] Antioxidants retard the oxidative degradation of base oils during service.
Such degradation may result in deposits on metal surfaces, the presence of
sludge, or é viscosity increase in the lubricant. One skilled in the art knows a
wide variety of oxidation inhibitors that are useful in lubricating oil composi-
tions. See, Klamann in Lubricants and Related Products, op cite, and U.S.

Patents 4,798,684 and 5,084,197, for example.



- 22 - [073] Succinate ester am des are forned by condensation reaction
bet ween al kenyl succinic anhydri des and al kanol am nes. For exanpl e,

sui t abl e wbkasssi21®pi nes i ncl ude et hoxyl at ed pol yal kyl polPganiSe@s 003874
propoxyl at ed pol yal kyl pol yani nes and pol yal kenyl pol yani nes such as

pol yet hyl ene pol yani nes. One exanpl e i$s propoxyl ated hexanet hyl enedi am ne.
Representati ve exanples are shown in USP 4, 426, 305. 10741 The nol ecul ar
wei ght of the al kenyl succinic anhydrides used in the precedi ng paragraphs

Wl typl(!@i%l H{e&u MO R GRS 1 R9Q @Hﬂld%hég@'l er ﬂ@%ﬁ%g RYtieGngi-can be

post-rea vari ous reagen S suc en, formal dehyde,

car boxyl igxjditélma gt&‘éhsmstal(me@alaﬁe@) , plinidlib @o&ipotds ok mégtralishbasic bor at e
esters or highly borated dispersants. The di spersants can be borated with

f rom aboumetfl $al3 cflventairbphendic afmpournds. p"E)rplmiI pheablidiappioxstant r eacti on
product. 10751 Manni ch base d| sper sant re de from.the reaction of

al | cyl ph@ﬁ&lr@unﬂéﬂfﬁ‘aﬂﬁéﬁyé@e Shenghsswhic pngs yhiclkgantahach s

i ncor por a erein b fer QNGE; i uch as oleic
acid and® E i thdng%reégly% ﬁrggp,bz{@%tzx??e %Fﬂf%a{ﬁ%é?%ﬂ%ﬁﬁ iter e.

Mol ecul argy; 6rHﬁo I gaﬂg( 0

Representa veggxgﬂpﬁ es a@ed%hgbvﬁa?rﬁﬁ%h gt g%’ﬂ g‘{}gggt]g%g Q% 703, 536;

3, 704, 30§-peasitibd td6ach 8thE56T9r§8cal phéndicl nitioxddants inclade e hindéfdd Typi cal
hi gh nol ecul ar wei ght aliphatic acid nodified Mannich condensation products

uisEf :n |brphenol§ sugstﬁtm«tcbwn sbalkyl gpeunsandr thmaliy]anereoepiad serivatiyes

1- 1 4(R) 2 .
10771 E & shese 1§ end«%@wﬁ%p&"(ﬁ‘“ XAThles G PhEReLs n?%a”?pﬁﬁaa?&é‘ﬁdé’%wﬁrﬁhiﬂi
ol yal | oy By BRI X BB qorPNERR S PRERTLA. 8oy phShol, 2,6.di-t

al | cyl at ityl-4-heptig plhéﬁé?fzc@-d@-ft bufyl-4- d%&ecquiﬂenblit}ﬁﬁ:tl@yﬂt@-lt-ﬁﬁityl guch as
BF3, of phenol w th gh nol ecul ar~ wei ght pol yproi)y ene, pol ybutyl ene, and

ot her polheptWyphenel; @ndrﬁam&ﬂhylt@-tfj:w;el 4ldedecyd yiienio uBther usefulthindenedene ri ng
avera e 600-100, 000 _nol ecul Exanpl es of

ﬁ];\l( '?e)h S”SL@S%Y P ﬁ?&ﬂ‘h%‘g‘”ﬁl aRis Y Ingl quyqxeﬁwlgbmvﬁeeagf? hésd Bﬂyﬁc. pal | y

pol yet hyl e ont ai ni ng
P! Y ehey FEREo R PHAIRS oot UEfivhiRES o Blentfic BRIt BRI RE DT ™. 0
condensatideanfeeetily 1iséd tn ¥EmbirkdidawaRdhé n&keuﬂwémldm nexafglediofam no

al kanes and théir substituted anal ogs, e.g t hyl am ne and di et hanol

am ne; arartlat-coupledphersls mclgdc ﬁrﬂédylbehhe}ﬁ’vbcmmkwtyﬂ-phﬂno\k) 21,3()411113(&1- enes;
e el P o | o G50,
79] Ex

5. of hu arstngls slide eﬁéfﬁ@?%ﬁ@"" Pl fi0t-BptyP Pui) B 80 AT e

pent aet hyh emg1RXHRIN6-diesAgt Pidrfle hept aami ne, hept aet hyl ene oct aami ne,
oct aet hyl ene”nonaan ne, nonaet yI ene decam ne, and decaet hyl ene undecam ne

and m xture of such am nes having nitrogen contents corresponding to the

al kyl ene [980] Nerpbenplic oxidatignnhibitgpawhichmayibe wsediinghidg asamgiie, z is a

e n i L i U S
pentapro eﬁBﬁcérEg;Pncta?Eh?rP 1eR Y irfdn-piitdh 'ZS'X ts?‘frﬁ:lfi’déOaliif'silatt@d)I e

react ant The al ene pol y-am nes are usu talned by the reaction of

anmmoni a amd mmallkglaaéckaﬂnﬁatxsunﬂnesssuihcdslaibmaabkﬁmmmfﬂewfﬂnefmhhuhene
pol yam nes Q;btgﬂned frgmthe reaction of 2 to 11 noles of amoniagwith 1 to

10 ol es RIR'E ONvheseiRidaas aliphatig, sromatis Qraaub@hnmd)mram graupc Y df i nes on

di f f t b bl IkI ctant 80] - Al dehyd
Feact ant SRR & A HPBHERA Redmate BrowhgnfiEh o BRI T oBauct s userul

in this igngiby g2 'wr}férb"i@' {5 R hﬁ(t:?:&/%@}'greﬁra?k’}‘;lgné‘ﬁroup, RZisa
higher alkyl group, or an alkenyl, aryl, or alkaryl group, and x is 0, 1 or 2. The
aliphatic group R® may contain from 1 to about 20 carbon atoms, and preferably

contains from about 6 to 12 carbon atoms. The aliphatic group is a saturated



- 24 - formal dehyde (al so as parafornmal dehyde and formalin), acetal dehYde
and al dol (13-hydroxybutyral dehyde). Formal dehyde or a

f or mal dehydesos/imbng reactant is preferred. [081] Hydrozarsbys/osshstituted
am ne ashl ess dispersant additives are well known to one skilled in the
art; see, for exanple, U S. Patents 3,275, 554; 3,438,757; 3,565, 804;

3, 755, 433, 3,822,209, and 5,084, 197. 10821 Preferred di spersants include
borat ed and non-borated succi nimdes, including those derivatives from

nmono- succi.nj m.des, bis-sucgci ni m.des, or. .m -.and..

bi s- succiahP %gd%eﬁrgi‘?{aﬁhelbﬁyﬂﬁoéﬁagﬁ arg ﬁ%@hﬂ%ﬁk&}s&ﬁﬁ%ﬁl %758‘%‘.9 om a
hydr ocar arontati | Vi t ' ; about 500
t o about %é%@g&‘?gg&% xt uzirhe@%}o?l ul%:iﬁﬁ’gé%&?%&?ggﬂgﬁlg%ﬁ%iﬁe?ppref erred
di sper Sa'ﬁhFhthJ wdenmticproups RE afd ®tmay bandineditdgesther with other groups

al kyl phenol pol yam ne-coupl ed Manni ch adducts, their capped derivatives, and
ot her relsatlkeds Sonponents. Such additives may be used in an anount of about
0.1 to 20 wt% preferably about 0.1 to 8 wt% POUR PO NT DEPRESSANTS [ 083]

Convent i 3Q§é‘id] i AU Shall€ B@ﬁﬁé?&ﬁ o%iﬁéﬁtg HARE Wk ASubsiRgefit #?Juhg‘ﬁfia'irpr overs)

may be a the conmposSitions o resent “invention i sired. These
pour poi NgastaBo@Se darbofiBiXoS. Ekdashle®of dlphaiRt grogps dngdade heyls heptyl,he
present invention to lower the mninmumtenperature at which the fluid wll

fl ow or eatylpromdyaed decWarieresaldy, thaialipbatc graupspsilheotgntaissnares i ncl ude
Ral opar anbAhaReHaLY GROAGUIE: e ARDBtA AR ENR A Ine APDOR R LIS fer 5. - and
vyt oo RS pResefighositOR e dlhEhufsyes gl PhighiRflaiinlls, ©' Voo

479; 2,6 eﬁéﬁiiaﬁnés?,hﬁ&&dibé’%zjﬁéaﬁ%%ap}feﬁ | hépferd difines. Mixuset vlf pour

poi nt depressants - 25 - and/or the preparati’on thereof. Such additives
may be uzed émmere arvmutic avhinesaue aBolisefid. PolwHeripraaiiae ahtipxalaats cah 01 t o

1.5 wt % SEAL COMPATIBILITY ADDITIVES o .
also be used. Particular examples of aromatic amine antioxidants useful in the

present invention include: p,p’-dioctyldiphenylamine; t-octylphenyl-alpha-
naphthylamine; phenyl-alphanaphthylamine; and p-octylphenyl-alpha-
naphthylamine.

[052] Sulfurized alkyl phenols and alkali or alkaline earth metal salts thereof

also are useful antioxidants.

(053] Anbther class of antioxidant used in lubricating oil compositions is oil-
soluble copper compounds. Any oil-soluble suitable copper compound may be
blended into the lubricating oil. Examples of suitable copper antioxidants
include copper dihydrocarby! thio or dithio-phosphates and copper salts of
carboxylic acid (naturally occurring or synthetic). Other suitable copper salts
include copper dithiacarbamates, sulphonates, phenates, and acetylécefonates_.
Basic, neutral, or acidic copper Cu(I) and or Cu(II) salts derived from alkenyl

succinic acids or anhydrides are know to be particularly useful.

[054] Preferred antioxidants include hindered phenols, arylamines. These

antioxidants may be used individually by type or in combination with one



[084] Seal conpatibility agents help to swell elastonmeric seals by causing
a chemcal reaction in the fluid or physical change in the el astoner.

Sui t abl e weabosgemeati bility agents for |ubricating oilspicmalsbégoossgani c
phosphat es, aromatic esters, aromatic hydrocarbons, esters (butyl benzyl

pht hal ate, for exanple), and pol ybuten Jl succi ni ¢ anhydride. Such additives
may be used in an anmount of about 0.01°t0 3 W% preferably about 0.01 to 2
wt % ANTI - FOAM AGENTS [85] Anti-foam agents may advant ageously be added to

| ubri cant cqnposjtjons.. These ents.retard the_.for Lon Qf abl e foans.
Si | i conedny ro%ﬁhi"gﬁﬁb‘faﬁr@%%gﬂ’ée iibpt amount of ngmbgﬁ?g.w%r exanpl e,
polysilo il oi | 1 le ) , vi de

anti foam)i)g?gegaebrl? I‘é@g‘&u? r(l)tsl itb fldgr%a/%ielﬂ s igr(r%gé/rg% ié&éitgﬁ%gfqg%gﬁlsa@:i%’ and nay be
used in GREMQEfPAl Z&kd10r anounts along with other additives such as

denul sifiers; usually the anbunt of these additives conbined is less than 1
percent and of t en Igss than 0.1 percent. FRICTION MODI FIERS [86] A

friction N any material or naterials that can alter the
coefficient of friction of a surface lubricated by any lubricant or fluid

cont ai ni material (s). Friction i.fiers | sQ.. kn Jniction
Feducer 1055 TpRRsRl Bie oo i nTBbriEyERE coMpRRSARaA Bhitd!,gent <

t hat cha bl 4.4 ¥ af j (ﬁ‘g‘&' Rﬁiﬁo int i ons, or
functi onarql ??rkgﬁtdlg%t%ﬁ ?‘r%lgil?ﬁl%?iﬁlemgge%??ﬁfagl{s?n% ferui‘)[l g? Po ofb ?é;ﬁ%%irn i cated
surface rgfthbenslééletandeal smaldachnionicorvlespliobic Wydtophiléc pertimoof theor

| ubri cant conpositions of the present invention 1f desired. Friction

nodi f i er anolegulel ol anibsiccpertiongifdhe defergentds typicallederivedsfronpant i cul arl y
advant ageous .in conbination wth,the base oi.l.s and.l ube co sitions of

Chi s | nv MR ACKS PUah BA SR AHCHTRORY ik Pl PRETPDOFRR A PR oL ffpounds

Cher cof . TSRS difhebr e SPuRRORATRANERR A RS A a Ul

met al | i gand conpl exes where the netals may include alkali, alkaline earth,
or transil0B6h Spltsubaheenthin a Sihstantiallyl stechiomietiie gnount of the mstilfarer s nay

al so have, | ow- ash characteristics. Transition t i ncl ude, Mo, Sbh,
S re WesOohed g foaralcnls apg Gavaa ) bese Romber | HEBE ¥ PSHETbuL | ve.of
al cohol s, r Al . i O ‘o

car boxyl aﬁ‘ ggM?arz%l?g?rgg@rR tb ﬁlonggrlgfgﬁgtcgg{,p%%}t%@éga?g&@%aggg,, é"gﬁ%‘é‘ b%t es,

t hi ophosphaieafmotihts HfantieaP baiethat AAdRSed by FRRtin2HnNSRess 6f AARES .

t hi adi azol es, dithiazoles, diazoles, triazol'es, and other polar nol ecul ar

f unct i onalonypmuygs(acnetahhypdroxidé Oe oxidee fammampde pivith, aNacidic gas (Buch as
individually or,in conmbination. In particular, Nb-containing conpounds can
be parti &@reen gioxidee (Wsatukdetaraeats ean bscnewral, mildy overhasedordighly mo( DTO)
Mo- di t hi oooh?rl?%h tes, Mo(DTP), Mo-am nes, Mo (An), Mo-al cohol ates,

Moal cohol VAMYHES:; etc. See USP 5,824, 627; USP 6, 232, 276; USP 6, 153, 564; USP
6, 143, 701; USP 6,110,878; USP 5, 837,657; USP 6,010,987; USP 5, 906, 968; USP
6, 734, 15(05UBHt 6s d&irabbsforlabhedst 68Me tRicrgbiiRoths68rdaded. Ovedaséd13; WO
99/ 47629; WD 98/26030. [087] Ashless frictiagn npdifiers may_ have al so

i ncl ude |dstergentsthelp peviralize agidic impuraies prpdueqd by theeembustian prcsss gr oups,

for exampl e,, hydroxyl - cont.ai ni n dr.ogar byl base oils l.ycerides, gparti al
o yoer | e LRSI eHaran 0 10t O TYREARHNs pREbasd) tigRiEs'a ipietls on
nodi fi er A el s bnedr al fqf ). unts of O,
N, S, or %B,@%phdd%tg%l%ﬁér |n£)¥)(lgrtwlg ﬁ%{? %%?BEQRQ?P?P ?bltﬁ)g%la'\rfne)bl lers that
nmay be payquivalémtrbasisef Meeé preferabty,utle rati@is frsanabaut 43hké abéi2N1. The
ash-cont ai ni ng and ashl ess derivatives) of fattﬁ acids, fatty al cohols,

fatty amrgsdtingetergent igran, ovieybaseddetergentthat will ¢ypisally have e TBNdf
conparabl e s etic .longzchajn 0C | acids, alcqghols, ani des

esters, rﬂ?’&‘f%%g ‘%88@?‘1Mﬁ%ﬁ%b@@é?ﬁﬁeéﬁﬁyc%Wf%%ﬂ%, and
the Iike...l: i nst ane f i of i c ek

Sul furi 2S3TPRaE yodiuRS NG, oP bidesRhRAR, B REkRe of Bblote i OPRIIARE | o
Usef ul conggruarnaﬁd‘@gbﬂigfthé@ggehpmmﬁbﬁi ers may range from about 0.01 wt %
to 10-15 mt% or nore, often with a preferred range of about 0.1 wt%to 5
wt % Concentrations of nol ybdenum containing nmaterials are often descri bed
in terms of Mo nmetal concentration. Advantageous concentrations of M may
range from about 10 ppmto 3000 ppmor nore, and often with a preferred
range of about 20-2000 ppm and in sone instances a nore preferred range of
about 30-1000 ppm Friction nodifiers of all types may be used alone or in
m xtures with the materials of this invention. Oten mxtures of two or
nore friction nodifiers, or mxtures of friction nodifier(s) with alternate
surface active material (s), are al so desirable.




CORROSI ON | NHI BI TORS [89] Corrosion inhibitors can be described as any
materials (additives, functionalized fluids, etc.) that forma protective
filmon aweunisaiceeébhat prevents corrosion agents from r @aEiisegson3sat t acki ng
that surface with a resulting |oss of surface material. Protective filns
may be absorbed on the surface or chem’lggl | y bonded to the surface.
Protective filnms may be constituted from nono-nol ecul ar species, oligoneric
speci es, polyneric species, or mxtures thereof Protective filns may derive
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anhydri des, carbamates, thiocarbamates, dithiocarbanmates, polyglycols,

etc., or SmallheerandRri€oSmifl)publiched by tlenlerjastileseio daff Cleyelandn nmany
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accunul ated,.in a lubrjcant fluid during |ubricant service, from outside
cont am natrdiSBEEY S{Gé%erftﬁ' a lubricant fluid during |ubricant service, and
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2,179,125; 2,719,126; and 3,087,932. Aronatic triazoles, such as toly
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conposition. Wien the tformulations in which the corrosion inhibitor

addi ti vesnetheds swall kileywn ¢othaar. ddeso sietkodsinicludedreatingi a imixture of ot her
corrosive addjtives, t cqQrrosive, additives and cofrosi i,nhibitors are
present a%lkglpbswlo@wqgmﬁmwge%@% heing IEmERH SRIEHF. %@ﬁgﬁl@ﬂﬁaﬁ Sertyy
about 45:1 to 1:1, preferably 30:1 to 1:1, nore preferably 15:1 to 1:1,
still nmore preferably about 15:1 to 3:1, even nore preferably about 15:2 to
3:1. TYPICAL ADDI TI VE AMOUNTS [94] When |ubricating oil conpositions
contain one or nore of the additives discussed above, the additive(s) are
bl ended into the conposition in an anmount sufficient for it to performits

i ntended function. Typical anmounts of such additives useful in the present
invention are shown in Table 1 bel ow.




[95] Note that many of the additives are shipped fromthe manufacturer and
used with a certain anmount of base oil solvent in the formulation.

Accor di nglvp,20ém@1w8i ght anmounts in the table bel ow, as welrhusassobises
anounts nentioned in this specification, are directed to the amount of
active ingredient (that is the non-solyent portion of the ingredient). The
W % i ndi cat ed bel ow are based on the total weight of the lubricating oil
conposition. WD 2008/ 121269PCT/ US2008/ 003874 - 30 - TABLE A Typi cal
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alkaline earth metal base.

[062] Metal salts of carboxylic acids are also useful as detergents. These
carboxylic acid detergents may be prepared by reacting a basic metal compound
with at least one carboxylic acid and removing free water from the reaction
product. These compounds may be overbased to produce the desired TBN level.
Detergents made from salicylic acid are one preferred class of detergents derived
from carboxylic acids. Useful salicylates include long chain alkyl salicylates.

One useful family of compositions is of the formula

(o}
I

‘/\ /c—o M
R)— ]
AN
OH 2

where R is a hydrogen atom or an alkyl group having 1 to about 30 carbon
atoms, n is an integer from 1 to 4, and M is an alkaline earth metal. Preferred R
groups are alkyl chains of at least Cy;, preferably C,; or greater. R may be
optionally substituted with substituents that do not interfere with the detergent’s
function. M is preferably, calcium, magnesium, or barium. More preferably, M

is calcium.

[063] Hydrocarbyl-substituted salicylic acids may be prepared from phenols by
the Kolbe reaction (see USP 3,595,791). The metal salts of the hydrocarbyl-
substituted salicylic acids may be prepared by double decomposition of a metal

salt in a polar solvent such as water or alcohol.
[064] Alkaline earth metal phosphates are also used as detergents.

[065] Detergents may be simple detergents or what is known as hybrid or

complex detergents. The latter detergents can provide the properties of two
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detergents without the need to blend separate materials. See USP 6,034,039 for

example.

[066] Preferred detergents include calcium phenates, calcium sulfonates,
calcium salicylates, magnesium phenates, magnesium sulfonates, magnesium
salicylates and other related components (including borated detergents).
Typically, the total detergent concentration is about 0.01 to about 6.0 wt%,
preferably, about 0.1 to 0.4 wt%.

DISPERSANT

[067] During engine operation, oil-insoluble oxidation byproducts are
produced. Dispersants help keep these byproducts in solution, thus diminishing
their deposition on metal surfaces. Dispersants may be ashless or ash-forming in
nature. Preferably, the dispersant is ashless. So called ashless dispersants are
organic materials that form substantially no ash upon combustion. For example,
non-metal-containing or borated metal-free dispersants are considered ashless.
In contrast, rhetal—containing detergents discussed above form ash upon

combustion.

[068] Suitable dispersants typically contain a polar group attached to a
relatively high molecular weight hydrocarbon chain. The polar group typically
contains at least one element of nitrogen, oxygen, or phosphorus. Typical

hydrocarbon chains contain 50 to 400 carbon atoms.

[069] Chemically, many dispersants may be characterized as phenates,
sulfonates, sulfurized phenates, salicylates, naphthenates, stearates, carbamates,
thiocarbamates, phosphorus derivatives. A particularly useful class of
dispersants are the alkenylsuccinic derivatives, typically produced by the
reaction of a long chain substituted alkenyl succinic compound, usually a
substituted succinic anhydride, with a polyhydroxy or polyamino compound.

The long chain group constituting the oleophilic portion of the molecule which
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confers solubility in the oil, is normally a polyisobutylene group. Many
examples of this type of dispersant are well known commercially and in the
literature. Exemplary U.S. patents describing such dispersants are 3,172,892;
3,2145,707; 3,219,666; 3,316,177; 3,341,542, 3,444,170, 3,454,607, 3,541,012,
3,630,904; 3,632,511; 3,787,374 and 4,234,435. Other types of dispersant are
described in U.S. Patents 3,036,003; 3,200,107; 3,254,025; 3,275,554,
3,438,757; 3,454,555; 3,565,804; 3,413,347, 31,697,57,4; 3,725,277, 3,725,480;
3,726,882; 4,454,059, 3,329,658; 3,449,250, 3,519,565; 3,666,730; 3,687,849;
3,702,300; 4,100,082; 5,705,458. A further description of dispersants may be
found, for example, in European Patent Application No. 471 071, to whic_:hA

reference is made for this purpose.

[070] Hydrocafbyl-substituted succinic acid compounds are popular-dispersants.
In particular, succinimide, succinate esters, or succinate ester amides prepared
by the reaction of a hydrocarbon-substituted succinic acid compound preferably
having at least 50 carbon atoms in the hydrocarbon substituent, with at least one

equivalent of an alkylene amine are particularly useful.

[071] Succinimides are formed by the condensation reaction between alkenyl
succinic ahhydrides and amines. Molar ratios can vary depending on the poly-
amine. For }example, the molar ratio of alkenyl succinic anhydride to TEPA can
vary from about 1:1 to about 5:1. Representative examples are shown in U.S.
Patents 3,087,936; 3,172,892; 3,219,666; 3,272,746, 3,322,670; and 3,652,616,
3,948,800; and Canada Pat. No. 1,094,044,

[072] Succinate esters are formed by the condensation reaction between alkenyl
succinic anhydrides and alcohols or polyols. Molar ratios can vary depending on
the alcohol or polyol used. For example, the condensation product of an alkenyl

succinic anhydride and pentaerythritol is a useful dispersant.



0.001-0.15 Base stock or base oil Bal ance Bal ance [96] In the present
specification, kinematic viscosity (KV) refers to a neasurenent nade by

ASTM et hwo 2012681 1 rel ease refers to a neasurenent mede/usyoodBiIderdD 3427
test method at 50C. Exanple 1 [97] A GTL-6 base stock (KV @O00C of 6.05
me/s) was evaluated for air release. lhe base stock air release rate was
measured for the base stock itself and™#hen addilized wwth 10 wt % and 50
wt % each of Esterex A32 (di-isooctyl adipate) KV at 100C of 2.73 m®2/s or

al kyl ate | Ladi . Ve e : hat wher eas
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the air rﬁk&?fl%u&éﬁn‘f& ahKARIrHRS 40l dIRSJESHhEheX PEreanpRAsSaablBQlMol T el ease
time (i.e. 1rncreased the air release rate). Table 1 " Conponents

amines include ethoxylated polyalkylpolyamines, propoxylated polyalkylpoly-

amines and polyalkenylpolyamines such as polyethylene polyamines. One

example is propoxylated hexamethylenediamine. Representative examples are

shown in USP 4,426,305.

[074] The molecular weight of the alkenyl succinic anhydrides used in the
preceding paragraphs will typically range between 800 and 2,500. The above
products can be post-reacted with various reagents such as sulfur, oxygen,
formaldehyde, carboxylic acids such as oleic acid, and boron compounds such as
borate esters or highly borated dispersants. The dispersants can be borated with
from about 0.1 to about 5 moles of boron per mole of dispersant reaction

product.

[075] Mannich base dispersants are made from the reaction of alkylphenols,
formaldehyde, and amines. See USP 4,767,551, which is incorporated herein by
referencé. Process aids and catalysts, such as oleic acid and sulfonic acids, can
also be part of the reaction mixture. Molecular weights of the alkylphenols
range from 800 to 2,500. Representative examples are shown in U.S. Patents
3,697,574, 3,703,536, 3,704,308; 3,751,365, 3,756,953; 3,798,165; and
3,803,039.

[076] Typical high molecular weight aliphatic acid modified Mannich
condensation products useful in this invention can be prepared from high
molecular weight alkyl-substituted hydroxyaromatics or HN(R), group-

containing reactants.

[077] Examples of high molecular weight alkyl-substituted hydroxyaromatic
compounds are polypropylphenol, polybutylphenol, and other polyalkylphenols.
These polyalkylphenols can be obtained by the alkylation, in the presence of an
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alkylating catalyst, such as BF;, of phenol with high molecular weight poly-
propylene, polybutylene, and other polyalkylene compounds to give alkyl
substituents on the benzene ring of phenol having an average 600-100,000

molecular weight.

[078] Examples of HN(R), group-containing reactants are alkylene poly-
amines, principally polyethylene polyamines. Other representative organic
compounds containing at least one HN(R), group suitable for use in the prepara-
tion of Mannich condensation products are well known and include the mono-
and di-amino alkanes and their substituted analogs, e.g., ethylamine and
diethanol amine; aromatic diamines, e.g., phenylene diamine, diamino naphtha-
lenes; heterocyclic amines, e.g., morpholine, pyrrole, pyrrolidine, imidazole,

imidazolidine, and piperidine; melamine and their substituted analdgs.

[079] Examples of alkylene polyamide reactants include ethylenediamine,
diethylene triamine, triethylene tetraamine, tetraethylene pentaamine, penta-
ethylene hexamine, hexaethylene heptaamine, heptaethylene octaamine, octa-
ethylene nonaamine, nonaethylene decamine, and decaethylene undecamine and
mixture of such amines having nitrogen contents corresponding to the alkylene
polyamines, in the formula H,N-(Z-NH-),H, mentioned before, Z is a divalent
ethylene and n is 1 to 10 of the foregoing formula. Corresponding propylene
polyamines such as propylene diamine and di-, tri-, tetra-, pentapropylene tri-,
tetra-, penta- and hexaamines are also suitable reactants. The alkylene poly-
amines are usually obtained by the reaction of ammonia and dihalo alkanes, such
as dichloro alkanes. Thus the alkylene polyamines obtained from the reaction of
2 to 11 moles of ammonia with 1 to 10 moles of dichloroalkanes having 2 to 6
carbon atoms and the chlorines on different carbons are suitable alkylene

polyamine reactants.

[080] Aldehyde reactants useful in the preparation of the high molecular

products useful in this invention include the aliphatic aldehydes such as
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formaldehyde (also as paraformaldehyde and formalin), acetaldehyde and aldol
(B-hydroxybutyraldehyde). Formaldehyde or a formaldehyde-yielding reactant

is preferred.

[081] Hydrocarbyl substituted amine ashless dispersant additives are well
known to one skilled in the art; see, for example, U.S. Patents 3,275,554;
3,438,757; 3,565,804; 3,755,433, 3,822,209, and 5,084,197.

[082] Preferred dispersants include borated and non-borated succinimides,
including those derivatives from mono-succinimides, bis-succinimides, and/or
mixtures of mono- and bis-succinimides, wherein the hydrocarbyl succinimide is
derived from a hydrocarbylene group such as polyisobutylene having a Mn of
from about 500 to about 5000 or a mixture of such hydrocarbylene groups.

Other preferred dispersants include succinic acid-esters and amides, alkylphenol-
polyamine-coupled Mannich adducts, their capped derivatives, and‘other related
components. Such additives may be used in an amount of about 0.1 to 20 wt%,

preferably about 0.1 to 8 wt%.

POUR POINT DEPRESSANTS

[083] Conventional pour point depressants (also known as lube oil flow
improvers) may be added to the compositions of the present invention if desired.
These pour point depressant may be added to lubricating compositions of the
present invention to lower the minimum temperature at which the fluid will flow
or can be poured. Examples of suitable pour point depressants include poly-
methacrylates, 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.
USP Nos. 1,815,022; 2,015,748; 2,191,498; 2,387,501; 2,655, 479; 2,666,746;
2,721,877;2.721,878; and 3,250,715 describe useful pour point depressants
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and/or the preparation thereof. Such additives may be used in an amount of
about 0.01 to 5 wt%, preferably about 0.01 to 1.5 wt%.

SEAL COMPATIBILITY ADDITIVES

[084] Seal compatibility agents help to swell elastomeric seals by causing a
chemical reaction in the fluid or physical change in the elastomer. Suitable seal
compatibility agents for lubricating oils include organic phosphates, aromatic
esters, ardmatic hydrocarbons, esters (butylbenzyl phthalate, for example), and
polybutenyl succinic anhydride. Such additives may be used in an amount of

about 0.01 to 3 wt%, preferably about 0.01 to 2 wt%.

ANTI-FOAM AGENTS

[085] Anti-foam agents may advantageously be added to lubricant composi-
tions. These agents retard the formation of stable foams. Silicones and organic
polymers are typical anti-foam agents. For example, polysiloxanes, such as
silicon oil or polydimethyl siloxane, provide antifoam properties. Anti-foam
agents are commercially available and may be used in conventional minor
amounts along with other additives such as demulsifiers; usually the amount of

these additives combined is less than 1 percent and often less than 0.1 percent.

FRICTION MODIFIERS

[086] A friction modifier is any material or materials that can alter the
coefficient of friction of a surface lubricated by any lubricant or fluid containing
such material(s). Friction modifiers, also known as friction reducers, or lubricity
agents or oiliness agents, and other such agents that change the ability of base
oils, formulated lubricant compositions, or functional fluids, to modify the
coefficient of friction of a lubricated surface may be effectively used in
combination with the base oils or lubricant compositions of the present invention

if desired. Friction modifiers that lower the coefficient of friction are
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thereof. Metal-containing friction modifiers may include metal salts or metal-
ligand complexes where the metals may include alkali, alkaline earth, or transi-
tion group metals. Such metal-containing friction modifiers may also have low-
ash characteristics. Transition metals may include Mo, Sb, Sn, Fe, Cu, Zn, and
others. Ligands may include hydrocarbyl derivative of alcohols, polyols,-
glycerols, partial ester glycerols, thiols, carboxylates, carbamates, thiocarba-
mates, dithiocarbamates, phosphates, thiophosphates, dithiophosphates, amides,
imides, amines, thiazoles, thiadiazoles, dithiazoles, diazoles, triazoles, and other
polar molecular functional groups containing effective amounts of O, N, S, or P,
individually or in combination. In particular, Mo-containing compounds can be
particularly effective such as for example Mo-dithiocarbamates, Mo(DTC),
Mo-dithiophosphates, Mo(DTP), Mo-amines, Mo (Am), Mo-alcoholates, Mo-
alcohol-amides, etc. See USP 5,824,627; USP 6,232,276; USP 6, 1v53,564;
USP 6,143,701; USP 6,110,878; USP 5,837,657, USP 6,010,987;: USP
5,906,968; USP 6,734,150; USP 6,730,638; USP 6,689,725; USP 6,569,820;
WO 99/66013; WO 99/47629; WO 98/26030.

[087] Ashless friction modifiers may have also include lubricant materials that
contain effective amounts of polar groups, for example, hydroxyl-containing
hydrocarbyl base oils, glycerides, partial glycerides, glyceride derivatives, and
the like. Polar groups in friction modifiers may include hydrocarbyl groups
containing effective amounts of O, N, S, or P, individually or in combination.
Other friction modifiers that may be particularly effective include, f6r example,
salts (both ash-containing and ashless derivatives) of fatty acids, fatty alcohols,
fatty amides, fatty esters, hydroxyl-containing carboxylates, and comparable

synthetic long-chain hydrocarbyl acids, alcohols, amides, esters, hydroxy
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carboxylates, and the like. In some instances fatty organic acids, fatty amines,

and sulfurized fatty acids may be used as suitable friction modifiers.

[088] Useful concentrations of friction modifiers may range from about 0.01
wit% to 10-15 wt% or more, often with a preferred range of about 0.1 wt% to 5
wt%. Concentrations of molybdenum-containing materials are often described
in terms of Mo metal concentration. Advantageous concentrations of Mo may
range from about 10 ppm to 3000 ppm or more, and often with a preferred range
of about 20-2000 ppm, and in some instances a more preferred range of about
30-1000 ppm. Friction modifiers of all types may be used alone or in mixtures
with the materials of this invention. Often mixtures of two or more friction
modifiers, or mixtures of friction modifier(s) with alternate surface active

material(s), are also desirable.

CORROSION INHIBITORS

[089] Corrosion inhibitors can be described as any materials (additives,
functionalized fluids, etc.) that form a protective film on a surface that prevents
corrosion agents from reacting or attacking that surface with a resulting loss of
surface material. Protective films may be absorbed on the surface or chemically
bonded to the surface. Protective films may be constituted from mono-
molecular species, oligomeric species, polymeric species, or mixtures thereof.
Protective films may derive from the intact corrosion inhibitors, from their
combination products, or their degradation products, or mixtures thereof.
Surfaces that may benefit from the action of corrosion inhibitors may include
metals and their alloys (both ferrous and non-ferrous types) and non-metals.
Corrosion inhibitors used to protect metals may also be called metal passivators
or metal deactivators. Corrosion inhibitors may include rust inhibitors, which

are particularly useful for the protection of ferrous metals and their alloys.
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Selected corrosion inhibitors may be particularly useful in protecting non-ferrous

metals, for example copper and its alloys.

[090] Corrosion inhibitors may include various oxygen-, nitrogen-, sulfur-, and
phosphorus-containing materials, and may include metal-containing compounds
(salts, organometallics, etc.) and nonmetal-containing or ashless materials.
Corrosion inhibitors may include, but are not limited to, additive types such as,
for example, hydrocarbyl-, aryl-, alkyl-, arylalkyl-, and alkylaryl-versions of
detergents (neutral, overbased), sulfonates, phenates, salicylates, alcoholates,
carboxylates, salixarates, phosphites, phosphates, thiophosphates, amihes, amine
salts, amine phosphoric acid salts, amine sulfonic acid salts, alkoxylated amines,
etheramines, polyetheramines, amides, imides, azoles, diazoles, triazoles,
benzotriazoles, benzothiazoles, mercaptobenzothiazoles, tolyltriazoles (TTZ-
type), heterocyclic amines, heterocyclic sulfides, thiazoles, thiadiazoles,
mercaptothiadiazoles, dimercaptothiadiazoles (DMTD-type), imidazoles,
benzimidazolés, dithiobenzimidazoles, imidazolines, oxazolines, Mannich
reactions products, saligenin derivatives, glycidyl ethers, anhydrides,
carbamates, thiocarbamates, dithiocarbamates, polyglycols, etc., or mixtures

thereof.

[091] Corrosion agents may derive from many sources, for example from one or
more components (additives and/or base stocks) within a finished lubricant
composition, from degradation products accumulated in a lubricant fluid during
lubricant service, from outside contaminants accumulated in a lubricant fluid
during lubricant service, and so forth. Corrosion agents may include, but are not
limited to, for example thiols, mercaptans, sulfides, di-, tri-, poly-sulfides,
mineral acids, hydrocarbon acids, carboxylic acids, nitrogen-derived acids,
sulfur-derived acids, phosphorus-derived acids, oxidized and/or nitrated
hydrocarbons, oxidized and/or nitrated lube products, fuel combustion products,

lubricating fluid contaminants, oxidized and/or nitrated soots, etc.



-2 +10 Exanple 3 [99] The exanpl e presents the discovery that the
addition of Esterex A51 to a GIL-4 base oil (KV @O00C of 3.6 mm2/s), as

taught i nwgSbush2pid, 779 teaches away fromthe present i pgenisc@sobszeause the
addition of the Esterex A51 (di-tridecyladipate, KV at 100C of 5 mR/s) to
the GIL-4 base oil results in a decreaég in the air rel ease rate whereas
the addition of the sane amount of Esféréx A51 to a GIL-6 base stock
results in an increase in the air release rate. See Table 3. WD
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[092] Corrosion inhibitors are used to reduce the degradation of metallic parts
that are in contact with the lubricating oil composition. Suitable corrosion
inhibitors include thiadiazoles. See, for example, U.S. Patents 2,179,125;
2,719,126; and 3,087,932. Aromatic triazoles, such as toly triazole, are suitable

corrosion inhibitors for non-ferrous metals, such as copper.

[093] Corrosion inhibitor additives may be used in an amount of about 0.001 to
5 wt%, preferably about 0.01 to 1.5 wt%, more preferably about 0.1 5 to 1.0
wt%, still more preferably about 0.2 to 0.6 wt%, even more preferably about 0.2
to 0.5 wt%, most preferably about 0.3 to 0.5 wt% active ingredient, relative to
the weight of the total lubricant composition. When the formulations in which
the corrosion inhibitor additives are used also contain corrosive anti-wear
additives or other corrosive additives, the corrosive additives and corrosion
inhibitors are present at a corrosive additive to corrosion inhibitor weight ratio of
about 45:1 to 1:1, preferably 30:1 to 1:1, more preferably 15:1 to 1:1, still more
preferably about 15:1 to 3:1, even more preferably about 15:2 to 3:1.

TYPICAL ADDITIVE AMOUNTS

[094] When lubricating oil compositions contain one or more of the additives
discussed above, the additive(s) are blended into the composition in an amount
sufficient for it to perform its intended function. Typical amounts of such

additives useful in the present invention are shown in Table 1 below.

[095] Note that many of the additives are shipped from the manufacturer and
used with a certain amount of base oil solvent in the formulation. Accordingly,
the weight amounts in the table below, as well as other amounts mentioned in
this specification, are directed to the amount of active ingredient (that is the non-
solvent portion of the ingredient). The wt% indicated below are based on tl}e

total weight of the lubricating oil composition.
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TABLE A
Typical Amounts of Various Lubricant Oil Components
Approximate Approximate
Compound wt% (Useful) wt% (Preferred)
Detergent 0.01-6 0.01-4
Dispersant 0.1-20 0.1-8
Friction Reducer 0.01-5 0.01-1.5 :
Viscosity Index Improver 0.0-40 0.01-30, more preferably 0.01-15
Antioxidant 0.1-5 0.1-1.5
Anti-wear Additive 0.01-6 0.01-4
Pour Point Depressant 0.0-5 0.01-1.5
Anti-foam Agent 0.001-3 0.001-0.15
Base stock or base oil Balance Balance

[096] In the present specification, kinematic viscosity (KV) refersto a’
measurement made by ASTM method D445; air release refers to a measurement

made by ASTM D 3427 test method at 50°C.

Example 1
[097] A GTL-6 base stock (KV @100°C of 6.05 mm2/s) was evaluated for air

release. The base stock air release rate was measured for the base stock itself

- and when addilized with 10 wt% and 50 wt% each of Esterex A32 (di-isooctyl
adipate) KV at 100°C of 2.73 mm?/s or alkylated naphthalene individually.
Reference to Table 1 shows that whereas the alkylated naphthalene increased the
air release time (i.e., decreased the air release rate) the use of the Esterex A32

decreased the air release time (i.e. increased the air release rate).

Table 1
Components
GTL 6 100.0 90.0 90.0 50.0 50.0
Alkylated Naphthalene 0 0 10.0 0 50.0
Esterex A32 0 10.0 0 50.0 0
Air Release @50°C
Time to 0.2% Air, mins 1.54 1.00 1.55 0.82 - 1.74
% change in air release
rate +35 - +47 -13




1.54 1.00 %increase in air release rate -30 +35 Exanple 4 [0100] This
exanpl e denonstrates the air-rel ease rate change obtai ned by using a

tri met hylwbprepamsoest er of m xed Cg-Cl0 acids (| MP Est ecTTS2@80038KY at
100C of 4.3 m2/s), a polyol ester, conpared with the air release rate
change obt ai ned using Esterex A32 in a GIL-6 base oil. As seen in Table 4,
while both esters increase the air rel'e‘3 se rate of the GIL-6 base oil, the
TMP Ester C8-Cl0 increases the air release rate to a significantly higher

degr ee. Tﬁbl e GIL 6 100
xample 2

[098] This example compares the air release rate for GTL-6 base stock versus
2 different Group III base stocks. Base stock Group IIIA is an isomerized stock
wax while base stock Group IIIB is a hydroprocessed mineral oil. Both meet
API Group III specifications. All base stocks have a kinematic viscosity of
about 6 mmz/s at 100°C. The air release rate of each stock was measured first
for each base stock per se, then redetermined for each base stock mixed with
Esterex A32. Reference to Table 2 shows that whereas for the GTL-6 base stock
the addition of the Esterex A32 increased the air release rate by 35%, the
addition of the Esterex A32 to the Group III (A) base stock actually reduced the
air release rate while the addition of the Esterex A32 to the Group III (B) base

stock improved the air release rate by only 10%.

Table 2

GTL GTL | GrlII (A) | Gr III(A) | Gr III (B) | Gr Il (B)
Base Stock 100 90 100 90 100 90
Kinematic
Viscosity at 6.05 6.05 6.59 6.51 6.50 6.50
100°C mm?%/s
Esterex A32 0 10 0 10 0 10
Time to 0.2% 1.54 1.00 1.59 1.62 1.90 170
Air, mins :
% change in +35 -2 +10
air release rate

Example 3
[099] The example presents the discovery that the addition of Esterex AS1 to

a GTL-4 base oil (KV @100°C of 3.6 mm?/s), as taught in USP 6,627,779
teaches away from the present invention because the addition of the Esterex A51
(di-tridecyladipate, KV at 100°C of 5 mm?/s) to the GTL-4 base oil results in a
decrease in the air release rate whereas the addition of the same amount of
Esterex AS51 to a GTL-6 base stock results in an increase in the air release rate.
See Table 3.
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Table 3
GTL 4 100 95.0 0 0
GTL 6 0 0 100 95.0
Esterex AS1 0 5.0 0 5.0
Time to 0.2% Air, Mins 0.42 0.54 1.54 1.00
% increase in air release rate -30 ~ +35
Example 4

[0100] This example demonstrates the air-release rate change obtained by
using a trimethylolpropane ester of mixed Cg-Clo acids (TMP Ester Cs-C oKV
at 100°C of 4.3 mm?/s), a polyol ester, compared with the air release rate change
obtained using Esterex A32 in a GTL-6 base oil. As seen in Table 4, while both
esters increase the air release rate of the GTL-6 base oil, the TMP Ester Cg-Cyg

increases the air release rate to a significantly higher degree.

Table 4
GTL 6 100 90.0 90.0
Esterex A32 0 10.0 0
TMP Ester Cg-Cyq 0 0 10.0
Time to 0.2% Air, mins 1.54 1.00 0.11
% increase in air release rate +35 +92.5

Example 5

[0101] This example demonstrates the air release rate change obtained by
using a monocarboxylic acid ester compared with the air release rate change
obtained using Esterex AS1 (di-tridecyl adipate, a di ester). The mono
carboxylic acid tested was ethyl hexyl stearate, available commercially from

Sea-Land Chemical under the name Stantex® EHS (KV @30°C of 13 mm?s).

[0102] Reference to Table 5 shows that while both esters increase the air
release rate of the GTL 6 base oil, the monocarboxylic acid ester increases the

air release rate to a significantly higher degree.



%increase in air release rate +35 +92.5 Exanple 5 [0101] This exanple
denonstrates the air rel ease rate change obtai ned by using a nonocarboxylic
acid estewocompiairmsd With the air rel ease rate change obtrarnsdoos®isgs Est er ex
A51 (di-tridecyl adipate, a di ester). The nono carboxylic acid tested was
et hyl hexyl stearate, avail able conmer cjhl%l y from Sea-Land Chem cal under
the nanme Stantex(r) ENS (KY @OC of 13-°mR/s). [0102] Reference to Table 5
shows that while both esters increase the air release rate of the GIL 6
base oil, the nonocarboxylic acid esi.egl i£creases the air release rate to a
significantly higher degree. - 3312 le 5 GIL 6 100 95.0 95.0

GTL 6 100 95.0 95.0
Esterex AS1 0 5.0 0
Stantex EHS 0 0 5.0
Time to 0.2% Air, mins 1.54 1.00 0.00
% increase in air release rate +35 +92.5




Esterex A51 0 5.0 O Stantex EHS 0 0 5.0 Tine to 0.2% Air, mns 1.54
1.00 0.00 %increase in air release rate

-34-

What is claimed is:

1. A method for improving the air release rate of lubricating oils comprising a
Gas-to-Liquids (GTL) base stock or base oil which GTL base stock or base oil has a
kinematic viscosity at 100° C. of at least 6 mm?/s 0.4 mm>/s by combining into the
lubricating oil a mono-, di- or tri ester or a polyol ester in an amount of at least 0.5 wt %,
wherein the air release rate of the lubricating oil comprising GTL base stock or base oil is
improved compared to the air release rate of a lubricating oil containing the GTL base

stock or base oil without the ester.

2. The method of claim 1 wherein he GTL base stock and/or base oil component of the

lubricating oil has a kinematic viscosity at 100° C. of at least 6 mm?/s £0.2 mm®/s.

3. The method of claim ! wherein the GTL base stock and/or base oil component of the

lubricating oil has a kinematic viscosity at 100° C. of at least 8 mm®/s £0.5 mm?/s.

4. The method of claim 1 wherein the GTL base stock and/or base oil is hydrodewaxed

or hydroisomerized/catalytic (and/or solvent) dewaxed waxy synthetic hydrocarbons.

5. The method of claim 4 wherein the waxy synthetic hydrocarbons are Fischer-Tropsch

hydrocarbons.

6. The method of claim 1, 2, 3, 4 or 5 wherein the ester is one or more mono-ester, or
polyol ester or mixtures thereof, wherein said polyol ester(s) is/are obtained by reacting
one or more neopentyl polyols with one or more linear and/or branched alkanoic acids

containing at least 4 carbon atoms.

7. The method of claim 6 wherein the ester is one or more mono-ester of a

mono-carboxylic acid reacted with a mono alcohol.

8. The method of claim 6 wherein the ester is one or more polyol esters obtained by
reacting one or more neopentyl alcohols selected from the group consisting of neopentyl

glycol, timethylolethane, trimethylol propane, 2-methyl-2 propyl-1,3 propane diol,



+35 +92.5 -34- What is=clainmed is: 1. A nethod for inproving the
air release rate of lubricating oils conprising a Gas-to-Liquids
(GTL) base stock or base oil which GIL base stock or base oil has a
ki nematic viscosity at 100 C. of at least 6 nmR/s 0.4 m®2/s by
conbining into the lubricating oil a no-, di- or tri ester or a

pol yol ester in an anount of at least 0.5 wt % wherein the air

rel ease rate of the lubricating oil conprising GIL base stock or base
oil is inproved coppared tQ the air. release rate of a Iubricating Oi
cont ai ni ngfasevtiasitpl, fipsatagpii ol snd przwresithersf gty ane op oz lkgnolic acidyhe
net hod of cpbRlifly foleloSIotaon@ldmPase stock and/or base oil conponent
of the lubricating oil has a kinematic viscosity at 100 C. of at

least 6 mm2/s 0.2 m®/s 3. The nethod of claim1 wherein the GIL
base stock Hrunghophakdaig) § whenepohe psterdfas g kinemabe Viseasitigt Hi0° Chadata
kinenatiqey'§@gﬁﬁfg at 100 C. of at least 8 mn2/s 0.5 mR/s. 4. The
met hod of claim 1l wherein the GIL base stock and/or base oil is

hydr odewaxed or hydroi sonerized/ catal ytic (and/or solvent) dewaxed
waxy synt HetThe rhsthiedefzl horiswherbin thhesterdhabinematid wkensidy whid0eiCnof dte
waxy sytheEi% q%@rocarbons are Fischer-Tropsch hydrocarbons. 6. The
met hod ofe%ﬁéiﬁ? /32,3, 4 or 5 wherein the ester is one or nore
nono-ester, or polyol ester or m xtures thereof, wherein said polyol
ester(s) iis/HreenahédofiddmB/wheatthdiestanes Okinsmbc viepRNhtyl00pal. yDits

wi th one or re Linear and/or branched al kanoi ¢ aci ds containing at

| east 4 c@?%gglﬁPdﬁs. 7. The method of claim6 wherein the ester is
one or nore nono-ester of a nono-carboxylic acid reacted with a nono

al cohol . 128.ThEhgeth®d Ruhif 6 whatihe W@ iSlelectddFrddd iR Igrdup RSs@g JTor €
pol yol esters obtained by reacting one or nore neopentyl alcohols

sel ect ed $irsnoctvhadigiteud-tadacy] adinaigy TOAP Ralgpenty angd gilodhexyl stearate.
trimethylol ethane, trimethylol propane, 2-nethyl-2 propyl-1,3 propane
di ol , 13. The method of claim 6 wherein the ester is ethylhexyl stearate, TMP Ester Cg-Cjpor

mixture thereof,

14. A method for improving the air release rate of Gas-to-Liquids (GTL) base stock
and/or base oil having a kinematic viscosity at 100° C. of 6 mm®/s 0.4 mm*/s by
combining into the GTL base stock and/or base oil at least 0.5 wt % of one or more
mono-, di- or tri ester, or polyol ester wherein the air release rate of the GTL base stock
and/or base oil is improved as compared to the air release rate of the GTL base stock

and/or base oil without the ester.

15. The method of claim 14 wherein the GTL base stock and/or base oil is
hydrodewaxed or hydroisomerized/catalytic (and/or solvent) dewaxed waxy synthetic

hydrocarbons.

16. The method of claim 15 wherein the waxy synthetic hydrocarbons are

Fischer-Tropsch hydrocarbons.

17. The method of claim 14, 15 or 16 wherein the GTL base stock and/or base oil has a

kinematic viscosity at 100° C. of at least 6 mm?/s 0.2 mm?/S.



- 35 - pentaerythritol, dipentaerythritol and m xtures thereof with

one or nore al kanolic acids containing from5 to 30 carbon atonms. 9.
The nmethod of claim6 wherein the ester has a kinenmatic viscosity at
100 C. of at least 1.5 m2/s. 10. The nmethod of claim7 wherein the
ester has a kinematic viscosity at 100 of at least 1.5 m®/s. 11.
The nethod of claim8 wherein the estér has a kinematic viscosity at
100 C. of at least 1.5 mmR/s. 12. The nethod of claim6 wherein the

ester is selected fromthe group. consistjng of di-isooctyl adipate,
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Ester Cs-C o or mxture thereof. . or inproving the air
rel ease raeis ngppaBhd pebyolsiwitl ele qr@TLy libess endlovrknchnd plkendiasadoi |

havi ng a(%&&&gg%%gﬂ%ﬁﬁgﬁ%gﬁxm t 100 C. of 6 m®/s 0.4 m®/s by

conbi ni ng ase stock and/or base oil at least 0.5 w %
of one or nore nono-, di- or tri ester, or polyol ester wherein the
air rel eake Thetrecthdd ofrdaifETl4, basel s tvbekinahdésdr ibaswerandre nenbepeoviad as

conpared to thebaii reheasgdra e of %QE L base stock and/or base
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base stock and/or base oil is hydrodewaxed or

hydr oi sonxy. iirdhahébdfldim (Sanhrein tiodsie i gnede wibkepbl el xytes yithiied by

hydr ocarbons, 16. The nethod§g% cl aim 15 wherein the waxy gynthetic
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18. The menkedtiitol lipentadthritdg apd migtuds drea¢ad witherne ot arord dkaneés asidsnor e

nono EStQ5hP%9%¥8%?Eﬁ% @c%ﬁmﬁ%ﬁ}s{e t hereof, wherein the polyol
ester(s) iS/are-obtalne y reacting one or nore neopentyl polyols

with one or nore |inear and/or branched al kanoi c acids containing at
| east 4 cHr Biow nadtloorbof claim 18 wherein the ester is selected from the group consisting of

di-isooctyl adipate, di-tridecyl adipate, ethylhexyl stearate, TMP Ester Cg-Cjgand

mixtures thereof.

22. The method of claim 21 wherein the ester is ethyl hexyl stearate, TMP Ester Cg-C)g

or mixture thereof.

23. The method of claim 1 wherein the air release rate is improved by at least about 35%

compared to the air release rate of the lubricating oil without the ester.

24. The method of claim 14 wherein the air release rate is improved by at least about
35% compared to the air release rate of the GTL base stock and/or base oil without the

ester.

25. A lubricating oil comprising a Gas-to-Liquids (GTL) base stock and/or base oil, said
GTL base stock and/or base oil having a kinematic viscosity at 100° C. of at least 6
mm*/s £0.4 mm’/s and a mono-, di- or tri-ester or polyol ester in an amount of at least 0.5

wt %, the lubricating oil having an air release rate at least 35% higher than a lubricating



19. The nmethod of claim 14, 15 or 16 wherein the ester is one or nore
nono-ester of a nono-carboxylic acid reacted wth a nonoal kanol. 20.
The nmethod of claim 18 wherein the ester is one or nore polyol ester
obt ai ned by reacting one or nore neopentyl al cohols selected fromthe
group consisting of neopentyl glycol, yninethylolpropane, trimet hyl ol
et hane, 2-nethyl-2-propyl-1,3 propanediol, pentaerythritol,

di pentaerythritol and mxtures thereof with one or nore al kanoic

acids containing. fr to 30 n,ato 21. . The nmethod of ¢l aim
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di =i sooctth¢reeldi pat e, d|-tr|decyl adi pat e, ethyl hexyl st ear at e, TNP
Ester C8-Cl10 or mxture thereof. 28. The GIL base stock and/or base
oil of claim26 wherein the GIL base stock and/or base oil is

hydr odewaxed or hydroi sonerized/ catal ytic (and/or solvent) dewaxed

Fi scher-Tropsch hydrocarbons and the ester is selected fromthe group
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stearate, TMP Ester C8-Cl0 or m xture thereof.






