- 1 - SYNTHETI C LUBRI CATI NG COMPCSI TI ONS FI ELD OF THE | NVENTI ON [ 001] The
present invention relates to lubricating conpositions that exhibit enhanced
oxi dat i orwetads/12736y. More particularly, the invention r@Catus30080043586
addi ti zed lubricating conposition conprising a blend of base oils and at

| east one antioxi dant additive which conposition is distinguished by

exhi biting an oxidation stability that is greater than that expected based
on the oxidation stability of each of the unbl ended base oils. BACKGROUND

OF THE | NVENTI ON [ 2],lUu. i pter tion engi nes
contain in addition to %g@dﬂ&@@éﬁﬁﬁm IMEL gﬂmadditives whi ch
enhance the performance of the oil. A variety of additives, such as

detergents, dispersants, friction reducers, viscosity index inprovers,
antioxi dants, corrosion inhibitors, antiwear additives, pour point

depr essangsr1 P8k FENTTON addi tives and antifoam agents, are used in
lubricatimg orts. [3] carrent trends in the design of autonotive engi nes
require lubricating oils that have ever nore enhanced performance. For
exanpl e, engines are now designed to operate hotter w th higher | oad and

i ncr eased [ put Thesprasentoinyentiomselpies teilgbri¢atingreonmpesitiensthat gxhibiier el and
oxidative stability. of |ubricatj conpositiagns. To formulate oils that

resi st oxFRBANCSH Qﬁ%}("’sﬁé”l‘l%'nmno?? BWEP%MX’HB? I%Yﬂﬂt'é\?er%%{?a?% oper ati on
life is b . Al cal . G - ]

obj ecti veg(tcl) tl? ﬁ%%@% %@P%QPQ{%@%W arslec(é{si a%{éio %é]r:r%gsi tions

t hat haveogé hafiegidahhaddTEle 3Vl cR¥bApositRorsisalistinguished VKRNIt diiE

| NVENTI ON 1005] Accordingly, the present invention conprises |ubricating oil
oxidation stability that is greater than that expected based on the oxidation

)

stability of each of the unblended base oils.

BACKGROUND OF THE INVENTION

[002] Lubricating oils for internal combustion engines contain in addition to
at least one base lubricating oil, additives which enhance the performance of the
oil. A variety of additives, such as detergents, dispersants, friction reducers,
viscosity index improvers, antioxidants, corrosion inhibitors, antiwear additives,
pour point depressants, seal compatibility additives and antifoam agents, are

used in lubricating oils.

[003] Current trends in the design of automotive engines require lubricating
oils that have ever more enhanced performance. For example, engines are now
designed to operate hotter with higher load and increased output. Such
conditions put significant stress on the thermal and oxidative stability of
lubricating compositions. To formulate oils that resist oxidation under such
conditions and that achieve adequate operation life is both a technical and an

economic challenge.



conpositions that have an unexpected and surprising oxidative stability

evi denced by a neasure of high tenperature deposits. The conpositions
conpri se:wo(d)s/7568j or anmount of a blend of (a) a G oupPCriuskedsod4sa¢ i ng oi |
derived froma synthesis gas, and (b) a Goup IV oil; and (2) an effective
amount of at |east one antioxidant, wherein the ratio of Goup IIl to Goup
IV oil is such that the conposition exhibits an oxidative stability

determ ned by a neasure of high tenperature deposits that is less than half

th th I t h dat t abi |. d unbl ended
Group 111 TEHA" CrAdR S0t (Rt Bl el el Bgtlibinm o [6] The
| ubri Cat'@angsét%ﬁbtﬁama% ehhﬁl @@hhglaﬁd)mrdhﬁeé fbifyyor amount of a base

oil blend cohsisting essentia and a Goup IV oil.

[7] In the present application, the term base stock is ususally referred to
a single oil secured froma single crude source and subjected to a single
pr ocessi NUMNR Ya6Md £ IMMEN WA cul ar specification. The term base
oils refers to oils prepared fromat |east one base stock. - 3 - oils are
defined as having the follow ng characteristics: 0.03%or |ess sulfur, 90%

or nore Sﬁggﬂate . [ j [ . Qf . hese oils are
typically i ve/gc%ﬂgl ’ttﬁ(lé é§e%‘1(t)(5:r&%%’fwﬁ co%f;ﬁ‘ ists I%E%tﬁ% ?Jl-s[ed in the
present i wﬁpbslﬁanat&tpfaeeahadle&peabasaﬁahagpﬁslﬁgaxsdmheaﬁabmty he

Fi scher-Tropsch (F-T) synthesis process (FT Goup IIl oil) [9] Inan F-T
synt hesi seyideneskby a measunesf bighatsmpengnrsdeppsitsnibiiecampésitionand CO i s
catal ytically .converted into hydrocarbons, usually waxy hydrocarbons
(referred®BPHSEF-T wax) that are general I y converted to | ower boiling

mat eri al [ ' dewaxi ng.
These. pr ods? SRR PURR SR bl e s TR P hibARaRRG ofPAq R itk

[10] The pnfike@ss o8, amabhed Grd gantangase oil froman F-T wax may include
prelim nary trea?mant (s Treatnent to remove any sul fur and nitrogen

conpounds(2)sam effeutwcrairiogann of deltattomrmumdi dxidantpwasrdin viee m’dwof Gaowp anount s
of sulfur_or njtroge However, FE-T waxes. may benefit fro
pr ehydr ot HEER fEQwp ?‘M QIEIﬁﬁ@héia%@ﬁ&pgﬁoomq%fxfphﬂﬁ .aaﬂxaﬁiatyver HoBiliLy) e

fesor: boddfthitbirEd ubg mhSare of wl ToRbBANGH, hallss W 4§ esSBHPRAE g7 ©
6, 103, Og%aﬁle%%lc%Iﬁuma@Idth@ 0kl @atBRCstabilitZ bf ﬁteﬁd%ﬁﬁﬁe&hﬁﬁl'éﬁd@@@oﬁ III

beneficial kinematic viscosity advantage over conventional G oup and
G oup || | aith&eowp b¥kailsand base oils. Such F-T base stocks and base oil s can
have significantly higher kinematic viscosities, up to

DETAILED DESCRIPTION OF THE INVENTION

[006] The lubricating composition of the invention comprises a major amount

of a base oil blend consisting essentially of a Group III oil and a Group IV oil.

[007] In the present application, the term base stock is ususally referred to a
single oil secured from a single crude source and subjected to a single processing
scheme and meeting a particular specification. The term base oils refers to oils

prepared from at least one base stock.

[008] The Group III and Group IV oils are specified in the American
Petroleum Institute (API) Base Oil Interchangeability Guidelines. The Group III



about 20-50 mm2/s at 100C, whereas by conparison commercial Goup Il base
oils can have kinematic viscosities, up to about 15 mm2/s at 100C, and

comer ci aWOG@up736bl base oils can have ki nemati c vi SCOPCTIUS20080M35€© about
10 - 4 - m2/s at 100C. The higher kinematic viscosity range of F-T base
stocks and base oils, conpared to the mpre limted kinematic viscosity

range of Goup Il and Goup Il base stocks and base oils, in conbination
with the instant invention can provide additional beneficial advantages in

f | ati | ubr,i it . The .E=T 11 il di
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component 5o9nd: Alcte LALHAEE aflANARKRI ARE-5F B bPardiel THIbAL 8% | evel s,
OW-t 0- nl Su ur, OW 1 O-nl nitrogen, OW-1t 0- ni aromati cs, and are

essent i al kypivaltyederitéd froning@krslrstodkye thyy GtQup HY ofls Tisbd #ie tiy presérve | ess
than 0.1 W% aromati c hydrocarbons, |ess than 20 wpgm ni trogen cont ai ni ng

conpounds invantiohege prépane @ drommynthdsisugascachaisrinlge EtneherrddepschHE-EX oi | s

nore often have a nom oi li oint of 370Ct [14] The preferred F-T
base oi | sSY/& ESIFHr?q?ésgﬁtséﬁﬂ“piﬁE%ﬁ}-i on have a pour point of |ess than

-18C, preferably less than -30C. They also typically have a conbi nati on of
dynam c viscosity (DV), as neasured by CCS at -40C, and kinematic viscosity

(KV), as ur eh A FIO9{nthesis pr6eys h § Bmprisii¢ 4 alixtA8 Of H2900
(KV @100C) - 7000. [1 tA prg‘ierrg’éb %ltoib]ﬁslhg one (glglr:rﬁpé? i,silﬁg paraffinic

hydr ocar bapd COYROORAkSichlly Wohobrtéd i hiyardca?boly, a8l draxgshyteecdibeds by t he
percent age of nethyl "hydrogens (Bl), and the proximty of branching, as

measur ed freferned meascENt wga) diatrace genérally menmgitedito tawdrdrailingincdtesinkby our or
nore carbons renoved from an,end group or brancﬁ (CH2 > 4)., are such that:
(a) BI - 0. Brarespcempyisngshydrqisomsrisafien apdapiippally dewexing, I hasg Pieess over

base ot oot Felltubih By 5830 5P SFlinth) Sl B AERHT, 2 "kt re of FT base
stock(s). - 5 - The Bl is usually > 25.4. (CH2 > 4) is nost often <22.5.

On average the FT oil
[010] The process of making a lubricant base oil from an F-T wax may

include preliminary treatment(s). Treatment to remove any sulfur and nitrogen
compounds is not normally needed because F-T waxes have only trace amounts
of sulfur or nitrogen. However, F-T waxes may benefit from prehydrotreatment

to remove oxygenates.

[011] Particularly favorable processes that can be used for the production of
the FT Group III oil are described in U.S. Pat. Nos. 4,594,172; 4,943,672;
6,046,940; 6,475,960; 6,103,099; 6,332,974; and 6,375,830.

[012] F-T base stocks have a beneficial kinematic viscosity advantage over
conventional Group II and Group III base stocks and base oils. Such F-T base

stocks and base oils can have significantly higher kinematic viscosities, up to
about 20-50 mm2/s at 100°C, whereas by comparison commercial Group II base

oils can have kinematic viscosities, up to about 15 mm?2/s at 100°C, and

commercial Group III base oils can have kinematic viscosities, up to about 10



has fewer than 10 hexyl or |onger branches per 100 carbon atons and on
average have nore than 16 nethyl branches per 100 carbon atons. [16] The
pref erredwbRo@sonpiskses a m xture of branched paraffins ebarsetwsndsse in
that the lubricant base oil contains at |east 90% of a m xture of branched
paraffins, wherein said branched paraffgns are paraffins having a carbon
chain length of about C20 to about C413, a nol ecul ar wei ght of about 280 to
about 562, a boiling range of about 650F to about 1050F, and wherein said

branched paraffi ns cont ai n,gﬁetq four, al kyl branches_and wherein the free
car bon i ndR“6atdH0dCodhgdrigherddpameatiayiscosdy rargssef Bnbbhasesstocksignd | n t he

sbove e S 20 A58 R s CINGRL RGPS Secafrofll o
359.88 Miand Gionp v bate SR sSRROBSUBiLsS P S fibfififiofyfin B liRfard 0 Miz AWK

spectronmeter usihg 10% solutions 1n s the internal chem cal
shift ref giention GB@rdvide adlitiogalvenecficke allvimagéeih firmlathg Ribricapect r a
are obtained under quantitative conditions using 90 degree pulse (10.9
vis), a pabgpogdiony. tinme of 30 s, which is at least five tinmes the |ongest
hydrogen spin-lattice relaxation tine (T1l), and 120 scans to ensure good
signal -to-noise ratios. [19] H atomtypes are defined according to the

fol | ow i ons. 9. . handseietl 3
nycr ogens (SEo) ofhe, <P CtopplRrbly it ifidhie 50 Rchfioh i Shatdetesel POTL
the a- posg hevingpradembidrly harasfinié chbnipcheRBYArPArRI furthef chatabRk2EA Qs

hydr ogens; ) - .
having high saturates levels, low-to-nil sulfur, low-to-nil nitrogen, low-to-nil
aromatics, and are essentially water-white in color. The preferred F-T base oils
have less than 0.1 wt% aromatic hydrocarbons, less than 20 wppm nitrogen

containing compounds, and less than 20 wppm sulfur containing compounds,

The FT oils more often have a nominal boiling point of 370°C™.

[614] The preferred F-T base oils used in the present invention have a pour
point of less than -18°C, preferabiy less than -30°C. They also typically have a
combination of dynamic viscosity (DV), as measured by CCS at -40°C, and
kinematic viscosity (KV), as measured at 100°C represented by the formula: DV
(at -40°C) <2900 (KV @ 100°C) - 7000.

[015] A preferred FT oil is one comprising paraffinic hydrocarbon
components in which the extent of branching, as measured by the percentage of
methyl hydrogens (BI), and the proximity of branching, as measured by the
percentage of recurring methylene carbons which are four or more carbons

removed from an end group or branch (CHp > 4), are such that: (a) BI-0.5(CH»
> 4)>15; and (b) BI+0.85(CH» > 4) <45 as measured over said FT oil as a

whole (please check with the technical expert: base oil or base stock. I guess that

does not matter as base oil are mixture of FT base stock(s).



1.4-1.05 ppm paraffinic CH2 nethyl ene hydrogens; 1.05-0.5 ppm paraffinic
CH3 nethyl hydrogens. [20] The branching index (Bl) is calculated as the
rati o i n weree27sP nonbenzylic methyl hydrogens in thePCaU$e008/004356 to
1.05 ppm to the total nonbenzylic aliphatic hydrogens in the range of 0.5
to 2.1 ppm Branching Proximty (CH2 >4) [21] A 90.5 MHiz3CWR single pul se
and 135 Distortionless Enhancenent by Pol arization Transfer (DEPT) NWVR
spectra are obtained on a Brucker 360 MHzAMX spectroneter using 10%
solutions_in 3. IMB s, t internal cheym ca i{t referenc 3

sol vent oTVEBTAS wribe 154l T H st it 2 220 Orvev Spge it o

single pu|se.spectra.are obtajned under quantjftative conditi,ons using 45
Gegree puhselle thand hex’ Dor Lok bagpcheponi 0} Satbon gt and G aYRaE? 1 ve
tinmes the r i 1N= | r 06\3%?. | (T1), to ensure

conpl ete P%la é;%g)?% (t:)}?\ﬁo#@hezp%l;br%ﬁ&el?és%g% l?canssi)rgggp%%se good signal -to-noi se
rati os, and WALTZ- 16 proton decoupling. 10221 The C atom types CH3, CH2,
and CH are identified fromthe 135 DEPT 13C NMR exgeri ment. A maj or CH2

r esonance[016] al | THmrefnred fdotamprises'2mmiguppaf beanghed paraffios val ent

;?EEULF%%“ Liggﬁiga{agggélﬂ“p‘;}q‘;gﬁggf%& spastinged g S0 S?ﬁirﬁ%g‘m%é‘@ﬁgd |
heor ancheReh e e Ao NIhERln S i A SR P oo FRERS BeRlpe 47 T °

branch.  carbon chhi¥PRBhgfti €ai&tit {08t (@4, a- méRRuiFwdighESPABAR B0 N

units of carbons, and is a neasufe of the nunber of carbons in an

i sopar af f jgadiisear & bofiedd Ahedlofl et 650 TPVt IBOPR, 4RI WheaAlin §aidoon and
4 carbons way froma side chain. Counting the term nal nethyl or branch

car bon asbranckéd pamaffins bomtain up tdfourCGlkypl branbked arfd Wherein tieafree cagbdmons
fromeither a straight chain termnal nethyl or froma branch nethane
carbon. THEsX of saiskbrangherh paraftingiseat 1oast abgptd.and 29. 6 ppmin the carbon- 13
spectrum They are neasured as foll ows:

[017]  In the above the Branching Index (BI), Branching Proximity (CH» > 4),

and Free Carbon Index (FCI) are determined as follows:

Branching Index
[018] A 359.88 MHz 1 H solution NMR spectrum is obtained on a Bruker
360 MHz AMX spectrometer using 10% solutions in CDCI3. TMS is the

internal chemical shift reference. CDCI3 solvent gives a peak located at 7.28. All

spectra are obtained under quantitative conditions using 90 degree pulse (10.9
us), a pulse delay time of 30 s, which is at least five times the longest hydrogen

spin-lattice relaxation time (T1), and 120 scans to ensure good signal-to-noise

ratios.
[019] H atom types are defined according to the following regions:

9.2-6.2 ppm hydrogens on aromatic rings;

6.2-4.0 ppm hydrogens on olefinic carbon atoms;



a. calculate the average carbon nunber of the nolecules in the sanple which
is acconplished with sufficient accuracy for lubricating oil materials by
si nply diwpadoesgiztdse nol ecul ar wei ght of the sanple oil pgTAS2¢0Be4350r nul a

wei ght of CH2); b. divide the total carbon-13 integral area (chart
di visions or area counts) by the averagge carbon nunber fromstep a. to

obtain the integral area per carbon in the sanple; c. neasure the
area between 29.9 ppmand 29.6 ppmin the sanple; and d. divide by

t he int I bon,.f t t btain FCl. [.024] B hi
measur ements chi-ba RN GRS DERIREeRn gt A A-PaR ioPdReromAliREIRES pect r oot er
Preferably, th .lq?_qslggﬁgapé@#q%ﬁfpﬁ{&ﬁhgqg}d?é d}g: @ spectroneter having a

magnet of 7.0T or qr cases, eT vérification by Mss

Spectronetry, YM-pI05gpniigRraifinyeCH aietigylen@hydrogenpons were absent, the
spectral width was limted to the saturated carbon regi on, about 0-80 ppm
vs. TMS (tetram@shyssipgmparaffinid CHOmet9fl hdrggenger cent by wei ght in

chl oroformdl were excited by 45 degrees pul ses followed by a 0.8 sec
acquisition time. In order to mnimze non-uniformintensity data, the
proton decoupler was gated off during a 10 sec delay prior to the

exci t ati of020)! sélhenbranchidig-index (BI) isgakudatied ias ithhratiotneperespterfinmamt ti nes

ranged from 11-80 m nutes. The PT and APJ s ences re carried out

accor di ngb?szyl}‘ictIEP%‘b’EH}ﬁH@é‘F il%ﬁfwgmq@-grmiﬁ) Rt BFOBLSEPT bed i n the
Varian or r At i I 5 PT Al y stortionless
Enhancerretr)ﬁ[z%l% é@?flgg@?goré%gﬁéﬁ%@l{%é#ﬁggszﬁg show quat ernari es. The

DEPT 45 sequence gives a signal for all carbons bonded to protons. DEPT 90
shows CH carbons only. DEPT 135 shows CH and CH3 up and CH2 180 degrees out
of phase Bomehing PRKimity {EHgred) Proton Test. It allows all carbons to be
seen, but if CH and CH3 are up, then quaternaries and CH2 are down. The
sequences[@1¢ UseHols MHITGMIR Riple PuREGRdBISDistortionlchs Bitandement _
corresponding CH And the nethyls are clearly identified by chem cal shift
and phaseby Potarizationimagsfer GPEP)NMR spentta arembitainad endeBeuakien8d0by C- 13
NVR usi ng. t he assunption in the cal cul ati on_sn(L:hat the entire, sarrpLe i's

i sopar af f MieAMES spectremater asmen K Vorsodations InCRS L fIMS 18 the ipdergshr af f i ns,
which may be present in the oil _sanples in varying anobunts,_ The

cycl opar a‘thm\@aE@Hﬁéﬁf“P@“?réﬁ%@LéoﬁE%‘?fﬁgglﬁ?Se‘F Hlll’léﬁlof&ﬁdcﬁ{ NedL PR 1 0scopy
(FI M) . [261] The Group IV oils are defined as pol yal phaol efin (PAO oils.
The PAO ofhes %wmrAﬂmglemmnﬁawhabtaﬁ@ed underap@antitativeo about 30

carbon atons, .and i.n preferred e di gent, from ahout 10 to abouyt 28
carbon at eﬁﬂéltlmsdwngg&fieaﬁ%%pulsw Hlc? pubsedstvetinngraf\ads.rVRighde ekne,

fr om aboulehs EC USRS lofilet {itBon sb-atiEs Folpitog T B 5B, sR870 oV o
roup. 1 v I081eS; FIRGIESTShe s, A scaif o EhAE A8 B0, of Cen

from 60: 4ftioe, 44 ROABTYE.-P6 prétorietonpRg.

[022] The C atom types CH3, CHp, and CH are identified from the 135

DEPT 13C NMR experiment. A major CHJ> resonance in all 13C NMR spectra

at "29.8 ppm is due to equivalent recurring methylene carbons which are four or

more removed from an end group or branch (CH2 > 4). The types of branches

are determined based primarily on the 13C chemical shifts for the methyl carbon
at the end of the branch or the methylene carbon one removed from the methyl

on the branch.



- 9 - [28] The lubricating conpositions of the invention are additized,
i.e., they include an effective anmount of at |east one |ubricating oi

ant i oxi dawo 2e@di2tieve and nore typically an additive packagasecasiaidné ng at

| east one antioxidant additive and one or nore additives, such as

di spersants, detergents, antiwear agents, VI inprovers, pour point
depressants, defoamants, seal swell control agents, friction nodifiers,
rust inhibitors and others being optional depending upon the intended use
of the oil. Such additive packages often contain a carrier fluid and
suitabl e solubilizers. [29] Exanples of suitable antioxidants include

am ni ¢ angageyg d ! NirL e i AHN i dant s
el ude aliTat o oo e R B e pre i R b DL bR
group confisa fcaperenof the tnuaibelb fearbmts iatapnisoparafiie that phe towated aritasid dant s
i ncl ude derivatives of dih¥droxy aryl conmpounds in which the hydroxyl

groups ar eatbens o -a terminal sarhion; and 4 cadesh veyhpmam sidgtahein. doumting al ky!
bstit ts. M f ph i d i ni i oxi.dant |

coed.  Sucheirrmual dasthyLonBEnoR abhdt i e dhe SRiboss i B.FCB B teBRa of
d f 9 . O . | Loht  of

the Pompodf s itodt frol thet SRAUBhE T ARTRA ARl Tor (i AN, O

of noni onifetistlcyntboh KVheRecapbdnOApeal betviiine? %9 e ead 29py@Xixahky! ene

phenol s, and am nic al kyl sulfonic acids may be used. [31] Corrosion

i nhi bi t or satbloat 1 rspediminusEhey ansl mdasused aaifa@lows: |imited to benzotriazol es,
tolyltriazoles and their derivatives. [32] Suitable dispersants include
succi nim de di spersants, ester dispersants, ester-an de dispersants, and

the Iike. Preferably,f, e%é%&rﬁ?ﬁégﬂb@g}ﬁn@?&j int%qﬁoleé%lt%gci)rli tl?f%]zper sant,

especially a polybutenyl succr ni ecular "werg

pol ybut enydAmBIeowRichels acaoplish@Mwaiposiffigidat hecurhop forduBfctingdile and
preferably from about 1300 to about 2500. The di spersant may be head capped
or bor at ethateridle bly.sithpBBilivictiangthe snalt culae fvgightaifahg samplaoid byhket &hkal i and
al kaline earth netal salicylates, alkylsalicylates, penates and sul fonates.
[34] A cogﬁfﬂi—n?"ﬁé@a‘% &E9)of antiwear additives is zinc

di al kyl di t hi ophgsphates in which the alkyl groups typically have from3 to
about 18 car bon Pat oG4V the @telocazﬁ%algua gt aZ@qudmm pPEArea | 35]

Sui t abl e ' ddi {1 Krncl idico i)s . P9l ysi | Lls
usual l'y ugé%%%u%eg hé?%%@ﬁl’ﬁ’qﬁg%lﬂ{)@ sgglt@ h%qé@tpt?\?éﬁ‘eﬁg%igdgg%ﬁﬁ Pour
poi nt depegbdanhthéfmpR:! known lubricant additives. Typical exanples are
di al kyl fumar ates, pol yal kyl met hacryl ates, and the |like. [36] The nunber
and types of friccti arcasort theerea betsvoenl 259 ppusand 29 gepymndh the kaypleycl ude
netal salts_ of fatty acids, glycerol esters and al koxylated fatty amnes to
mention a2fdw,

d. divide by the integral area per carbon from step b. to obtain FCI.

[024] Branching measurements can be performed using any Fourier
Transform NMR spectrometer. Preferably, the measurements are performed
using a spectrometer having a magnet of 7.0T or greater. In all cases, after |
verification by Mass Spectrometry, UV or an NMR survey that aromatic carbons
were absent, the spectral width was limited to the saturated carbon region, about
0-80 ppm vs. TMS (tetramethylsilane). Solutions of 15-25 percent by weight in
chloroform-d1 were excited by 45 degrees pulses followed by a 0.8 sec
acquisition time. In order to minimize non-uniform intensity data, the proton

decoupler was gated off during a 10 sec delay prior to the excitation pulse and



[37] Another additive often used in crankcase lubricants is a VI inprover
such as linear or radial styrene-isoprene VI inprovers, olefin copolyners,
pol ynmet hawoybeiesievand the |ike. [38] In general, on arCaaiseaos/0D43gé edi ent
basis, the various lubricant additives will conprise fromabout 0.5 WMt%to
about 25 wt% and preferably from about. . w%to about 10 wt % based on the
total weight of the conposition. WO 2008/ 127569PCT/ US2008/ 004356 [39] In
the additized lubricating oil conposition of the invention, the weight

by cot i A dubings G%Pﬁ’%hoaxﬂm Pép?mnsfﬁ s fandid b ft-%ﬂé%ﬁﬁli?stnﬁ%y ;
ET}E;\Z;'SI'II\J/Ir %78?#?% ? I's I %@rtfcﬁg ?ﬁ&{&"&?} ﬁﬂﬁggtl ca%_g%meo X atl ve

stabilitywdgi ﬁﬁﬁ@ﬂlﬂﬁblé@@nﬁ@@@rlbédﬁﬂﬂﬂu@vaﬂan lor Braker &p@rdting Yharidads.
i ndi vidually when additized with the sane additive at the sane treat rate.
[40] The additized lubricating corrp05| tion may, of course, be fornmulated to

wth v i S er SRR Rt Ge ks Erangiurds P oleratom resstor JoBRTL y or ade
i ncl udi ng gééggf%h%\(%agn Wl&nq‘h%%%a& ence{ é’rUes a%% f f6Phgdi ment of

the i nven 1 on I'ng conpositi on or anount of

about equairbeRs Bohdedes ptctofé. PBERPTOMPsHIWs @H cz%bhy@dl)f DEPEN3GShod a
Goup IV oil. In this enbodi nent, the antioxidant-containing additive

package i €Hard 6iH3 up aad GHoulr&0 d@rc@;guttdfqahascrﬁdswn) dkhPhas Attaghed
tenperature deposits in the range of about 5 to about 20 when neasured by
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[026] The Group IV oils are defined as polyalphaolefin (PAO) oils. The PAO
oils may be derived from monomers having from about 4 to about 30 carbon
atoms, and in a preferred embodiment, from about 10 to about 28 carbon atoms.
Examples of useful PAOs include those derived from octene, decene, mixtures

thereof and the like. These PAOs may have a viscosity of from about 2 to about
15 ¢St at 1000C and preferably from 3 to 12 ¢St at 100°C.

[027] In the present invention, the weight ratio of Group III to Group IV base
oil may be in the range of from about 80:20 to 20:80, often from 60:40 to 40:60
and preferably 50:50.



[43] Follow ng the general procedure outlined above, nine fornulated oils

were prepared using Adpak A, and each were subjected to the TECST test. The
anount ofweadpecik7isssed and TECST results are given in TalpCe/us2008AB38 1 TECST
Test Results Adpack A Treat Rate, W. % 10.2 7.65 5.1 Basestock Deposit,

ng Deposit, ng Deposit, ny -9.

[028] The lubricating compositions of the invention are additized, i.e., they
include an effective amount of at least one lubricating oil antioxidant additive
and more typically an additive package containing at least one antioxidant
additive and one or more additives, such as dispersants, detergents, antiwear
agents, VI improvers, pour point depressants, defoamants, seal swell control
agents, friction modifiers, rust inhibitors and others being optional depending
upon the intended use of the oil. Such additive packages often contain a carrier

fluid and suitable solubilizers.

[029] Examples of suitable antioxidants include aminic antioxidants and
phenolic antioxidants. Typical aminic antioxidants include alkylated aromatic
amines, especially those in which the alkyl group contains no more than 14
carbon atoms. Typical phenolic antioxidants include derivatives of dihydroxy
aryl compounds in which the hydroxyl groups are in the o- or p- position to each
other and which contain alkyl substituents. Mixtures of phenolic and aminic
antioxidants also may be used. Such antioxidant(s)may be used in an amount of
about 0.02 to 5 wt%, and preferably about 0.1 wt% to about 2 wt% based on the

total weight of the composition.

[030] Rust inhibitors selected from the group consisting of nonionic
polyoxyalkylene polyols and esters thereof, polyoxyalkylene phenols, and

aminic alkyl sulfonic acids may be used.

[031] Corrosion inhibitors that may be used include but are not limited to

benzotriazoles, tolyltriazoles and their derivatives.

[032] Suitable dispersants include succinimide dispersants, ester dispersants,

ester-amide dispersants, and the like. Preferably, the dispersant is a succinimide



100% PAO 4.5 18.0 41.3 100% F-T 2.1 18.0 32.9 1:1 PAOF-T 3.2 6.8 19.5
[44] The results show that at the three treat |levels tested, those using a
bl end of WoQ@o@nd7369T oi |l s had TEOST deposits | ess than ralrfuseévs/oo43s6
mat hemati cal average of 100% PAO or 100% F-T at the same treat |evel. The
effect is nore pronounced at the |owerpreat rates enployed. This inplies
significant savings when using the base stock of the invention.
dispersant, especially a polybutenyl succinimide. The molecular weight of the
polybutenyl group may range from about 800 to about 4000 or more and
preferably from about 1300 to about 2500. The dispersant may be head capped

or borated or both.

[033] Examples of useful detergents are the alkali and alkaline earth metal

salicylates, alkylsalicylates, penates and sulfonates.

[034] A commonly used class of antiwear additives is zinc
dialkyldithiophosphates in which the alkyl groups typically have from 3 to about

18 carbon atoms with 3 to 10 carbon atoms being preferred.

[035] Suitable antifoam additives include silicone oils or polysiloxane oils
usually used in amounts of from 0.0001 to 0.01 wt% active ingredient. Pour
point depressants are well known lubricant additives. Typical examples are

dialkylfumarates, polyalkylmethacrylates, and the like.

[036] The number and types of friction modifiers are voluminous. In general,
they include metal salts of fatty acids, glycerol esters and alkoxylated fatty

amines to mention a few.

[037] Another additive often used in crankcase lubricants is a VI improver
such as linear or radial styrene-isoprene VI improvers, olefin copolymers,

polymethacrylates, and the like.

[038] In general, on an active ingredient basis, the various lubricant additives
will comprise from about 0.5 wt% to about 25 wt% and preferably from about 2
wt% to about 10 wt% based on the total weight of the composition.



WD 2008/ 127569PCT/ US2008/ 004356 - 13 - Exanple 2 [045] The procedure of
Exanple 1 was foll owed, but Adpack B was used. The anount of adpack used
and t he twetoosermebds are given in Table 2. TABLE 2 TEOSPCTAmsRoOBO8435¢ S

Adpack B Treat Rate, W. % 10.2 7.65 5.1 Basestock
-11 -

[039] In the additized lubricating oil composition of the invention, the weight
ratio of the FT Group III oil to the Group IV oil is such that the lubricating
composition exhibits an oxidative stability determined by a measure of high
temperature deposits when measured by TEOST Test MH T-4 (ASTM D7097)
that is less than half of the mathematical sum of oxidative stability determined
for each of the Group III and Group IV oils individually when additized with the

same additive at the same treat rate.

[040] The additized lubricating composition may, of course, be formulated to
have a single viscosity grade such as SAE 30 and preferably be formulated with
VI improvers that provide the composition with a multi-viscosity grade

including grades 0W20, 5SW30 and 10W30 grades.

[041] In one embodiment of the invention, the lubricating compositions
comprise a major amount of about equal weight amounts of a Group III oil
derived from syngas and a Group IV oil. In this embodiment, the antioxidant-
containing additive package is present in an amount whereby the composition
has high temperature deposits in the range of about 5 to about 20 when measured
by TEOST Test MH T-4 (ASTM D7097).

EXAMPLES

[042] In the following examples, fully formulated lubricating oil
compositions were prepared by adding various amounts by weight of one of
three adpacks, Adpack A, B or C, to a base oil consisting of 100% of a Group IV
oil (a PAO oil), 100% of a Group III oil derived from a F-T process (an F-T oil)
and a blend in equal parts by weight of the Group III and Group IV oils (1:1
PAO/F-T oil). Adpack A, B and C all contained effective amounts of
antioxidants as well as other lubricant additives including detergents, a ZDDP

antiwear additive, a VI improver, a pour point depressant and an antifoam agent.
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Each of the formulations prepared were tested for oxidation stability by
measuring the amount of high temperature deposits formed in the known
Thermo-oxidation Engine Oil Simulation Test MH T-4 (TEOST) (ASTM Test
Method D7097).

Example 1
[043] Following the general procedure outlined above, nine formulated oils

were prepared using Adpak A, and each were subjected to the TEOST test. The

amount of adpack used and TEOST results are given in Table 1.

TABLE 1
TEOST Test Results
Adpack A Treat Rate, Wt. %

10.2 7.65 5.1
Basestock Deposit, mg Deposit, mg Deposit, fng
100% PAO . 4.5 18.0 41.3
100% F-T 2.1 18.0 32.9
1:1 PAO/F-T 3.2 6.8 19.5

[044] The results show that at the three treat levels tested, those using a blend
of PAO and F-T oils had TEOST deposits less than half the mathematical
average of 100% PAO or 100% F-T at the same treat level. The effect is more
pronounced at the lower treat rates employed. This implies significant savings

when using the base stock of the invention.



35.1 [46] As can be seen, the benefits achieved by the invention are
substantial at all three treat rates. Exanple 3 [47] The procedure of
Exanpl e Iwoeasosiaricowed, but Adpack C was used. The anoumCTafS2@dpedsks used
and best results achieved are given in Table 3. WO

2008/ 127569PCT/ US2008/ 004356 - 14 - TABLE 3 TEOST Test Results Adpack C
Treat Rate, W. % 10.2

Example 2
[045] The procedure of Example 1 was followed, but Adpack B was used.

The amount of adpack used and the test results are given in Table 2.

TABLE 2
TEOST Test Results
Adpack B Treat Rate, Wt. %
10.2 7.65 5.1
Basestock Deposit, mg Deposit, mg Deposit, mg
100% PAO 15.7 31.2 58.4
100% F-T 12.4 29.0 30.9
1:1 PAO/F-T 42 20.3 35.1

[046] As can be seen, the benefits achieved by the invention are substantial at

all three treat rates.

Example 3

[047] The procedure of Example 1 was followed, but Adpack C was used.

The amount of adpack used and best results achieved are given in Table 3.




7.65 5.1 Basestock Deposit, ng Deposit, ng Deposit, ng 100% PAO 9.7 7.8*
44.0 100% F-T 10.9 15.6* 15.4

WO 2008/127569

PCT/US2008/004356
-14 -
TABLE 3
TEOST Test Results
Adpack C Treat Rate, Wt. %
10.2 7.65 5.1

Basestock : Deposit, mg Deposit, mg Deposit, mg
100% PAO 9.7 7.8% 44.0
100% F-T 10.9 15.6* 15.4
1:1 PAO/F-T 4.6 4.6* 30.7

*Average of three tests

[048] As can be seen, two of the three treat levels produced significant results
using a 1:1 PAO/F-T blended base oil.
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2. A method for improving the oxidative stability of a lubricating
composition comprising a blend of a Group III oil derived from synthesis gas and a PAO
oil, said blend containing at least one antioxidant selected from phenolic and aminic
antioxidants, the method comprising blending base oils consisting of Group III and PAQ
oils wherein (i) said Group 11l oil is derived from a Fischer-Tropsch process and contains
at least 90% of a mixture of branched paraffins having a chain length of about Cyto Cyg,
a molecular weight of about 280 to about 562 and a pour point of less than "18°C., and
(11) said PAO has a Kv of from about 2 to about 15 ¢St at 100°C., wherein said oils are
blended in a ratio such that the lubricating composition exhibits an oxidative stability
determined by a measure of high temperature deposits formed in TEOST Test MH T-4
(ASTM D7097) that is less than half the mathematical sum of the oxidative stability



- 16 - determned for each ‘of unblended Goup Il and PAO oils
contai ning the sanme antioxidant in the sane anount as in the bl end,
and wherein said antioxidant is present in an anount in said
conposition such that the conposition has high tenperature deposits
of about 5 to 20 when neasured by sai-dgFCEST Test. 3. The

i nprovenent of claim 1l wherein the antioxidant is present in the
range of about 0.02 to 5 wt % based on the total weight of the
conposi tion. 4. The inprovenment of claim 3 wherein the
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3. The improvement of claim 1 wherein the antioxidant is present in the

range of about 0.02 to 5 wt % based on the total weight of the composition.

4. The improvement of claim 3 wherein the antioxidant is selected from

phenolic antioxidants, aminic antioxidants and mixtures thereof.

5. The improvement of claim 4 including in said composition one or more
additives selected from dispersants, detergents, antiwear agents, VI improvers, pour point

depressants, defoamants, seal swell control agents, friction modifiers and rust inhibitors.





