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Corporation: Polyalphaclefin base oils are expensive and have less desired elastomer

compatibility than other base oils, Diester base oif provides improved elastomer
compatibility and additive solubility, but Is also very expensive and available in

hmited quantities,

25
European Patent Application No. 157003542 teaches that functional fluids may be
made using base oils having low CCS viscosity, wherein the functional fluids also
have fow Brookfield viscosity. Nothing is taught re garding selection of base oils
having more a desired molecular composition or low traction coefficients,

30

Commonly assigned U.S. Patent Publication 20050133407 diseloses that gear
hibricants may be made having a low Brookfield viseosity from a Fischer-Tropsch

derived lubricating base oil having a desived molecular compasition.
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di scovered a gear |ubricant, conprising:

A pear lubricant is desired having a higher kingmatic viscosity at 100°C.and fower
25  Brookficld Ratio than the gear lobricants previously made, Preferably the gear
lubricant will have a kinematic viscosity greater than 10 ¢St at 100°C, and will alse
have a tow Brookiield viscosity relative to kinematic viscosity; and a process fo make
it is also desired. Preferably the gear hubricant will alse not require high amounts of
viscosity index umprover.
30
A lubricant base oil having a very low traction coefficient, and finished lubricants

ncluding gear lubricants made from the base oil, are also highly desired.
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b. tess than 22 wi% based on the total gear lubricant of a second base oil
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i. a sequential number of carbon atoms,

i, less than 40 wi% lotal molecules with cycloparaffinic
functionality,

jil.  aratio of molecules with monocycloparatfinic functionality to

25 molecules with multicycloparaffinic fimctionality less than 123
c. a pour point depressant;
i an EP gear lubricant additive; and

30
@, lesa than 10 -wi% based on the total gear lubricant of a viscosity index

improver; wherein the gear fubricant has:

i a kinematic viscosity at 100°C greater than 10 ¢St, and

i
o
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W have al so di scovered a gear |ubricant, conprising;.
a. greater than 10 wt % based on the total scar

wo erriicsans of a first base coil, made from a,PET/DS100%066095
i x, feed, having less than 0.06 Wt % aromatics and a 1
viscosity, index greater than an anount defined by the

equation: VI :: 28 x Ln(Kinematic Viscosity at 100C) -
105 b. less than 22 wt % based on the total gear
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1@qual s -40 30 V\,hen the gear lubricant i a SAE 75W XX,
equal s -26when the gear |ubricant is a SAE 80W XX,
andWedagt dse digovietn sehlsbieak conpiswant is a SAE
85W XX. WD 2007/118165 PCT/ US2007/ 066095 5 We have
al so di scovered r geaw | ubricant having a Brookfield
Rat 2.0 | essrdahathaahl w23 bascdion us., tdtefgume!db;bymt dfe ﬂm hase oil,
egﬁgt :NI? gr éﬁ?&{'ﬁig?fgrlle)glrgt »\B‘:ﬁg teeﬁd‘aa‘v mﬁtlwh %ﬁ Rﬁé xxéé;a}rronmncs and a
14 ubri cant vigoeaR RRE AW XX ardur@Amed SintBbydne Bptakiengear
| ubricant is an SAE ?20W XX, and P equals -12 when the
gear | ubridam?® ¥ lsuKmenaEe Veswixe 1088mt I%ing: 10 a
between 10 and 95 wl% of a hv%lroi soncriwed distillate
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20 viscosity index lessthan an amount defined by the equation:

V=28 x Ln{Kinematic Viscosity at 100°C) + 105

e a pour point-depressant; and
25 4 an BP gear lubricant additive; wherein the gear lubricant has:
i & gear lubricant Kinematic viscosity at 100°C greater than 10 ¢St
and

i, a Brookfield Ratio less than an amount defined by the equation;
Brookfield Ratio =613 x e(-0.07 x 3) and wherein § equals -40
30 when the gear lubricant 132 SAE 78W-XX, §§ equals -26 when
the gear lubricant is a SAE 80W-XX, and § equals -12 when
the gear lubricant is a:SAE 85W-XX.
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100G carbon atoms; and

between 2.5 to 30 wi% of an EP gear Jubricant additive.
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25 We have also discovered a process for making a gear lubricant, comprising:

a. selecting a base oil, made from a waxy feed, haying:
. léss than 0.06 wi% aromatics,

il.  greater than 20 wi% total molecules with cvcloparatfinic
30 functionality, and
il aralio of molecules with monocycloparaffinic functionality to
molecules with multicycloparaffinie functionality greater than

12; and
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-12 when the gear lubricant it an SA W have al so

di scovered a process for making a gear itubricant,
conprising: 20 a. selecting ai base oil, nmade froma
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bear |ubricant has a kinematic viscosity at 100C

greater than o &sthunpyvashiaercgiiopasst eolke feplgear lubricant, of a
viscosity U-I ¢ ;P U 1 » whdle
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Che o6 b 2007/ 1181850 BETPUGIOY T GHBRY I lagrty 1 ¢F. measared

lubricant is a SAg (géy&;xzfm d ih O@qtua;l@m@@amg,@mw%t ORAL {ess
lubricant is a "117 SO¥ XX, and (? equals -12 when the

gear |ubricant i Hagasamgn dgiged xxthewgudiggeBapldold Ratio = 613
di scovered a net hg 14 at 1,0, .
of a gear Iubr| Cant%{é?é kgigm whar?cillgewlaxaﬁjghv?Scc%a. tobricant
18t 1 00' C -'treat & ahlvan 1Qv-GSE 8 e@@f@%&iiﬂglzr,aﬁﬁhiﬂ@mdmlsan
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We have also discovered a process for nuaking a gear lubricant, comprising:

20
i selecting 4 base oil, made from a waxy feed, having a viscosity index
greater than an amount defined by the equation:
V=28 x Ln{Kinematic Viscosity at 1000C) + 105;
25 b blending the base oil with:
i, an BP gear lubricant additive,
H.  apour point depressant, and
i, lessthan 10 wib, based on the total gear tubricant, of a viscosity
index improver to produce # gear lubricant;
30 wherein the gear lubricant has a kinematic viscosity at 100°C

greater than 10.¢St, and 4 ratio of Brookfield viscosity in ¢P,
measured ai temperature B in °C, to the kinematic viscosity at
106°C less than an anmount defined by the equation: Brookfield
Ratio = 613 x e(-0.07 x ) and wherein B equals -40 when the
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isomeri:ted distillate fraction also present in the
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20
DETAILED RESCRIPTION OF THE INVENTION
SAE J306 defines the different viscosity grades of automotive pear lubricants. A
multigrade automotive gear labricant refers to an automotive gear lubricant that has
25 viscosity/lemperature chavacteristics which fall within the limits of two different SAE

numbers in SAE J306, June 19985, For example an SAE 75W-80 awtomotive gear
lubricant has a maximum temperature of -40°C for a viscosity of 130,000 ¢P and a
kinematic viscosity at 106°C between 13.5 and less than 24.0 ¢St The second SAE
viscosity grade, XX, for a multigrade atomaotive gear lubricant is always a higher

30 number than the proceeding “W” SAR viscosity grads; thus you may have an 80W-90
muttigrade automotive gear lubricant but not an 80W-80 multigrade automotive gear

labricant.
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| ubricant and differential fluids. 10 lheoM a,
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INAZI- DA ONO L O N al . a1 +..Ja N
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| ubBPcant of this lnvention-is | ess thahlan ar

cal gyl ated biased on the Tenperature 13, theifo <135
|OWllg equations; 61y t—0: 07 x ;2 here-03equals
- 40%hen the gear |l ubrjcant—is an SAE 7BWXX. | | <24.0

equgks - 26 when the gear lubricant is A SAE 801<¥\{ 0
- X §, and- ¢ 8-equats =12 when the—=<ear-tubricantis

act{2590 SAE, 85Wey' 4XX._Thus, for an.SAS ' 5IN 2' - XX
asttome-live L' Car lubricant invention, the Brookfield

: 0
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lubricants and differential fluids.

10 The Magimum Temperature for Viscostty of 130,000 ¢P (°C) is measured by scanning
Brookiield Viscosity by ASTM D 2983-04. Gear lubricants having a low Brookficld
viscosity, especially those with a low Brookfield Ratio are especially desived, A low
Brookfield Ratio Is associated with improved low temperature properies of the gear
jubricant,

15

The Brookfield Ratio is calenlated by the tollowing equation;

Brookfied Ration = Brookfied Viscosity in cP, measured ut Tempertaure § un degree
C, dvided by the Kinematic Viscoisty at 100°C in ¢8t.
20 Temperatre B equals ~40°C when the gear lubricant is an SAE 75W-XX,
Temperature fi-equals -26°C when the gear lubricant is an SAE §0W-XX, and

Temperature § equals ~12°C when the pear lubricant is an SAE 85 W-XX.
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SAE SOW XX aut onotive gear |ubricant, the Brookfield

Ratio is less ili ui 37433, Preferably |less than
WO 2@0/118l for an SAE 85 |- XX autonotive gear PCT/US2007/066095
| ubricant, the Brookfield Ratio i~ le" inn 1419 :09.

Note that X in this, invention refers to the SAE 15 sx
3s:y grades of 80, 85,90 140, or 2X for :u a,tnon
otive gear lubricant wll iiill ? ac: a higher nailer
than the S v'':~Cositl  grade; thus you may Lave an
SOM 90 gear lubricant but not a 4C '"eta gea lubricant.

Not eud Babklidergealt ik deaQuiGland df llQi in§Bit®n i ILMQR an@foun
are at., i !"r tf &Ji75|t tHtl'i SGrillc titl 20

thet«@%@tcdﬂ@@&%ﬂﬂéhﬂ Tomperatyre Bay URodplloving agxsbien: an SAT' 1
90 oil "awth- al ,c |Cﬁf~eb@ﬂmeISCOSIty at the
maxi mum of 150, 000 eP divid>d h-~’c typical kinematic

Vi seashByeqgadls -4l ,1\1:1%1&111(: Geotubtdan S anvioul T Wave, frequals -26 when
Brookfield Rati o of E0714, \hich would not be as d
si r the@esdubriant fmry ‘Mﬁ‘v‘é “obtaaf § envilent? oan Weepar Aulriseirs an

1(5r 0Q KAL'S% dx%aﬂ&% fﬁz ‘ﬂ?@ 79@6{;\ QH\QE ﬁsan&f:?lr m:vmag

i nvention ki neni atic: V|stos ty I %OC
t hamvemstohghe Bmlnkmrid Hﬂltltalb \hm/;baﬁ @1 Ipreferabivl lcnwl%iam r8800; for an

oy SR R SRl v AT redubi e D ot 7633

gr egle@fatiniad (0 1688 and Rireh SRRISHLKY sutdnhAME p@ar lubricant, the
klnenatlc vi ?sits at 10I10'C. less than or e:iual to 4

1. 0Beeskiiclf Ratigwéesaivpn i o Nate, that e/ inHiaw énvapianiehttp ¢he SAE
15' ' 39@&!3&% %ﬁ&cs ol %pgg S0 eal 8} 2'% kﬁah‘?\‘lrigl 41%{1&%0{1\ éaggir tdBricant

20 anot c.rn i aaaent, ave a Kinemat |

vi smjgmtwvsét:‘ aiﬂ@t@ungre&weﬁletphmrfkd'inﬂ VL RAE vistaity grade; thas
ts r|c ts of

g G e R A b e £ A P P S

preferably greater than 15 ts>t% nust . ret hrahly

greater than 25 wt% of a base oil havin

200pE 1 8% cpeTrusEsoTl b oesionsug a prgfege uéwf |Uélh<>% meeting

2@””@1@8:&‘?{ g@@gr‘goi'ﬂu gqrﬁﬂ cl(implé e&ﬁ%f\i fﬁk 40] Q@uﬁrﬁ@u%ﬁﬁld

, ater ecul es w t
c y c Ivuscpbbm a ta%ﬁo‘ mmueum tof |50 @i o@‘n?ahdktd ty a zﬂn@h; it\m; matiaabdosity at

£5q wth, lnono )
G t%}‘*}%%ﬁ%%g SRRy o bR epid e
c f gnetd gnad iubycagik @888 invdnhan wiiR o Ther Brddiribig Ralvh Scher -
f ro}_-:c.hdc,,r Ke:lI" ,,z "FT do r t ed"neans that

the pr' odoct;
25 The gear lubricants of this invention have a higher kineratic viscosity at 100°C than

other oils made from a waxy feed having low Brookfield viscosities, The pear
{ubricants of this invention have a kinematic viscosity at 100°C greater than 10 c8t.
Freferably they have a kinematic viscosity at 100°C less than orvequal to 41.0 ¢St In
one embodiment, they have a kinematic viscosity at 100°C greater than 13 oSt; and in

30 another embodiment, they have a Kinematic viscosity at 100°C greater than 20 ¢St

In preferred embodiments, the gear Tubricants of this invention comprise greater than
12 wi%, more preferably greater than 15 wt9%, most preferably greater than 25 wi% of

a base oil having:



fraction, or feed originates fiomcar is pioduced at
sone stage by a Fischer-'I'r'ol,,~ d: process. The

WO ewds1816s k for the Fischer-1i'opsch process negr/usm7/066095
fro: r a wde variety 15 of hynrocar' bonaceous
resources, including natural gas, coal, shale oil,
petrolei rn, nunicipal waste, derivatives of these,
and conbi nations thereof. "Waxy feed" is a feed or

stream conp i icing hydrocarbon nolecules with a
carbon i'm nbct of a boiling point iycra}!tf I hove
b_r ;r t3< 1 i<<~aQ@quedtiah@umROof datbodantds, 4 ~"r~

L.~~.1rl rr. t':e. T)r+- r cLCSCS di scl osed herein rrtay
be sN rtl~ rrk »%sshpyQ0¢ sPipemaieks, | sLICh a Fisc
het | opsch \jjaxyydhocas oDl Aol Bk Ren daténsedad om
rraatural sc r-~r es, Aceordht, 1y, the waxy feeds
to the pro: e.es@e@mwﬂy\Emdwrm$@mﬁﬂguh@nwﬁﬁmmfs h der’
\s{tegckm;(ﬁcr’]o:gl Sm wﬁﬁ&ul?paré‘fﬁ? W?Jn%ts r{m@ﬁi) n}%)lhtcui%s w%?
1poi nt p.ol 'al phz&ﬁine} didparaftidio Qs @kig graaeF mah al pha
olefin waxes, slack 25 'waxes devil ed waxes, and
.lc.rocr vstall:tnr :waxes, and m xtures thhercof.
Pr efl B¢ (AR “Pisehdr h%;ﬁ@ﬂ(arf\@@dlz “rfr denived” @ﬁﬁmqhat ke Nofxl
ti-om 1" 1scher |:ropsch waxy t "i: 1 . Shack wax can
be Sixttimb nedednsgnaier from oy rsrptrtmbzmrd a%ﬁonpc ﬂatgﬂis'wrfmschml ropsch
"frocraekin. by

I YA Y ST
91 Gcg@% énéleedglm I\qt)r Ph !glsi.l etr éch%sTh row&s nim ch)mg 1m 1 a Wide variety
15 ?55H1}Idkduh1 bbmad ek raﬁslm,assmaaﬂxng aktomegRboh), cittisdl, penrtlcum,

de,. -w',ing feedstock rcpar,;,d . br-}t r c 're.
pr oE‘é‘B§B’§‘§‘VaSE‘P fraiege! ﬁ?‘?&’ ?‘Ei cqahEATgPs prstodr r ed
because hydroer .c.|.i ; wll also r. du c the

flltf"[ "t Gat toalog vai cl c- WLh slavk
wax Wery i‘;a@(aj igp éqfﬁi oxdieam Ct}mplrisiﬂ'w bdugabp g;u]acde«a\mth i pgarbon

maymhg?clfl%ﬂj?(f ngzsri%awhff Qw%kmﬂ 190}5][ TLQQR bqqngb ultfﬂ"{) 1lz‘if)“’tj The

20he waky fcadyanciand tfﬁ-lﬂru‘mcﬂ&csﬁﬁﬁii@:ﬂﬁ huﬁln a&k hSa‘Xz&lsa,up mes@ d@ocks,
Veré%? E 10..WO 2007/118165 PCT/ USZgO /066095 5
i nd }ay Bthéd |§ ﬁuxc ﬁ"dtxh Vi.}l%&ﬁi ongfor pay be derive gglgtndhuug@mmcs

to 200rddepandi-ng f&‘&ib‘iﬂ%& Qiulu,s%@%z%n%n@HQ m&%ﬁm&h RGrived
mtea a:al from which the slack wax was pr epar ed

Themetwoieeds, pesiokol waxax s adistibteaiiorkbush fipgastotle lubricant ofl
pl‘ eQ(%{,k%t 138 mQIr pgﬁgs(;% d%]lh%».ahﬁy I {Eygt%%l V%Gylthﬂ g;ga. (‘Jkﬁg 9\4‘?’1\;@’ stack

Eﬁr eﬁxﬁxcabcﬁcjozlhmwnessd infvaser Btat ippraxto tal mcmm,thadut Pmtembly,

the waxy feedstocks are derived from Fischer Tropsch waxy feeds.

Slack wax can be obtained from conventional petroleunt derived feedstocks by either
hydroeracking or by solvent refining of the lube oil fraction. Typically, slack wax i3
30 recovered from solvent dewaxing feedstocks prepared by one of these processes,
Hydrocracking is usually preferred because hydrocracking will also reduce the
nitrogen content to a low value, With slack wax derived from solvent refined oils,
deoiling may be used to reduce the nitrogen content, Hydrotreating of the slack wax

can be used to lower the nitrogen and sulfur content. Slack waxes possess a very high
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rirt geu and ' iflr Nitrogen is neasured by nelting e
prior to oxidative a Onbtastiura s d chc

WOo ploanmiipescence detection by AS fM U 4620- 96. PATIES10803066095
metho is farther I _ sciihctl i s 1.1.S Patent 6-50
3956, incorporatedherein. Sulfur is ineasuir-ed by
nmelting the wax feed prior to ultraviolet fluor scence
by AS 1 N1 D 5453-0 . The, 15 test nethod is further
described in tr.h. Patent 650 1930, incorporated
herein.. Waxy feeds useful 11", this nvcntion are
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| oo Ot A EaR g R SRR b il vy ity S Bl
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invention. Fischer 1'ropseh wax is nornally solid at

25 pdwrhct erpacdtuy & Brent 68¢3%8 antaueysttpd gy p‘wéiysmmasuwd
Pt. 4y L &LOPR! 85wtk e BP AR fi53-00. The
. PP OPR S BEAR s ABTY P 0. e

‘S@| testOdethdd is fthBeralesdribst tnd €8 RatmopEOH @ ércoyedidddgeini | s
having excellent It wfez iperotnarr pro erties nmay be

prepared. "t. general description of t nabl' hiip

SOoMgkaxy FdeSubeful ﬂQMﬁKivB@nﬁms&c\@&@eg 108y pReihibaiade syl &ist
Patent tbhs. 5135638 an MAN [IS, Pat ent Pu
x| i %ﬁmié%iwﬁ in gy ‘ti?ﬁ'tf‘-‘m’?‘* ‘?Eé"B&‘B@? al e fﬁ‘éB‘riﬂdr}%*’éb inghepis PEPCRSSES Cotne
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v4co T catalyst In an t=1 "rTatron zon
2Undesxt®2 5 LdbeClolif igugl, d@dﬂdﬁﬂbbﬁhMﬂﬁh&aHydndiﬁbMBHOpwh

PERL L L Lo S S e T N

por gf $h Rhifh ey RnSHEY Sand@lak B @rotekik ifY 85098 0AtdoBlingly,
conponent, and a. refractory oxide smrocrt. The shape
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5 Sﬁﬁpuugﬁm 2“‘ j,l(? puéﬂtn 1%[8%« N qoﬁqw ﬁ@l Qﬁ%?(‘ él Qruyatmn 0%'[2’& way,

Fischer-Tropsch derived base oils having excellent low temperature properties may be
prepared. A general description of suitable hydroisomertzation dewaxing processes
may be found in U.S. Patent Nos. 5133638 and 5282958; and U.S. Patent Publication

30 20030133409, incorporated herefn.

The hydroisomerization is achieved by contacting the waxy feed with a
hydroisomerization catalyst in an isomerization zone under hydroisomerizing

conditions. The hydroisomerization catalyst preferably comprises a shape selective

1t
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3""Iti S is snd.cd, tl, desired 15 yield, and the
desu' ed prop .itics o Ithe base oil. Preferred 1r
dioisoni..riring conditions wuseful in the cur era
i nvention include tenperatures of 260" C to about 113"C
& OOinteonaligupord size SbEJylaraidvotaalebpmess hydophald: doop8600. and a
pr | %Gaigﬁoxld? Blﬁ%mg D]?&? 5 %3::5' gﬁzﬁvg flﬁ%ﬁe%ﬁtg&%& S17E énogecugr Sieve is
) . @Eferably QL,IM&@ Eaérb biu,g,r{@fc@mlﬂfnﬁﬁ}e s,apdjyz If sQrDaD O&M@L%) SM-

,boit 8 NISLF/ hyd % W rir<at.a

f r ot ﬁé~pr‘6’€l’h§f %Mdi@é &35 4%\1‘ 3& “tSJ theffiaisnirie a% and

er n. g otRhL-anad A p.11 habase; ei 1y %IM b )am@'t.mﬁgngﬁ}’ml #etkof

ciis~smeriratic>ry de VvV a: ‘ing inay be  hydrofnished
1ﬂhe@xhy@xmtmmwbﬁwhgﬂﬁw@Wn@@cuwm dum@mnmnwwmaﬁsnégg*ﬁmum

E& dlnlriﬂ ) indE L8 er ﬁctlonatlng of the base oil
AT R SR e R et hydr of i ni shind i s 25
||~">|uud to Inprove t he oxi dation stability Uuv
tdal --ii appearance cif the tcl na by

i E: Elr@c}vﬁwgma%ﬁﬁaﬂ:%@ﬂmm ppidongt 11?‘*1«&\%0%%11 thg: gl |
sol N\%M\ﬁﬁﬂé&@ﬁﬂ %{.@5 z«,{Q@cdt b h@:iﬁu-@r RotQfe tﬂy“‘#s&@n s@i‘h@&? 'tik desmd
ni:d © brai Se Pat ent Nos.
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20msfrﬂfprﬂ@fprta1ultwnﬂ eﬁlscicmfanh@smmfawn m 2007/ 118165
PCT/ US2007/ 066095 5 The base oil is fractionated into
tiiflr'i nt viscosity grads of base oil. F Vi r
i _+Dphieally, ofs Hakdd 8t pibaﬁﬂ}l‘cb&wﬂ)ﬂu @ifefie@nticwhSgosit e
grades of base oil" is defined as two or nore hase
oi | Bydpefigshed T pe budrgfuing dpayi e QRSN sepsaaitier hyfore or

Oi Ny e facRhReE oPhe Bhisel BASH ng 9{ xﬁé& fractﬁﬂn@ eﬂﬁtn'}@nmm\hmg is
vi scosi t Yy LS neasur ed usi ng A

2% r awtandalde imgrol @h@@ﬁw@gm@haf Wa@ﬁﬁm ;cﬁné tipmaramfmi the
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description of hydrofinishing may be found in U.S. Patent Nos. 3852207 and
4673487, incorporated herein. The hydrofinishing step may be needed to reduce the
weight percent olefins in the base oil to less than 10, preferably less than 3, more
30 preferably less than 1, and most preferably less than 0.5, The Tydrofinishing step may
also be needed to reduce the weight percent aromaties to less than 0.1, preferably less

than 8,06, more preferably less than 0.02, and most preferably less than 0.01.
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E%f Kmemimvgmﬂtm!mma\ﬂe whckipeeociviant Reaspwsweiss pelhepnd and 50
S MQ‘ t 0
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have ir-~tc.tion . L. oeft|C|errt S n 0.017,
eveHeFg¥E T HARS Y 05 Towrarg BE8 i To i‘ﬂb N Number

Measyys8sh 199041 The gear lubricants made using the preferred base ofl having a low

30 traction coeffivient will save energy and operate cooler.

In more preferred gmbodiments, the base oil fractions having a low traction
coefiicient also have large film thicknesses. That is they have an EHD film thickness

greater than 175 nanometers when measured ata kinematic viscosity of 15 eS8t The

- T4 -



10 at 15 eSt and at. slide torod roic' t ?2° ,10'%

The base oil fractions having h tracticr_ _,ave uni que
wda2dramsied i ng properties by NVR including a bPCT/U8£2007/066095
hind  ztclYL: | ~, tl-iui or ¢ {UOL to 23.4,

abrarching proxinut y greater than or equal to 22.0,
and a Free C axbon 1t dek between 9 and 30. The base
oil fractions having the 1-oxwest traction
coefficients have uni que branching properties by N MR
i ncluding a branching 15 index less than or equal to,
23. wretndd hash pEneiihin GrvprtioxitaTe Yrghisktesies gbovs gigafme ar thicker
21 OueIREL P Rob dny hRK PUBLiBNERLY pRBYe o7 eat o

I'c car nore preferably
greater than 5w’ (, raphthenk C. si bori i.4

anal ASTNI fractions .

P I E R GRS s R g e e o ep By ypton

hav geai 0 less R MH17, BS&h fb@é"théx5&9/@b3m§lé£>ﬂhm§m ogl, WhRyeasured
have a ratio of pour point, in degrees C, to 20 d w

1@ i o I SroSpandent ¢ plids i iollyraty of lfjg‘jjq_{l he ppsgofl it aq:t@-ns hayang %m lowest
- guRL e gecfff‘& 1{9%\% [ ti&q%g;ﬁ@ gi(ﬁt@@w g} %gg gcn_ml%g brafliing

1lc ;r!ﬁas ebsahm cu fr.mﬂid:td Bk a Ibam}ngg d;rheini'kywtuﬂmawt ¢pnl to 2") 0,

coeffjcients hav I Vi sco '

P oL T PG B e BOand Sy et e balife fhe s
basg@ich cbdrRGhiOhale imiB@Strhnching bbpkfiRE Y ANIR, including a branching
coefficient less than 0.015 have a 50 wi A b0|I|ng
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The ubricant base il fractions useful in this invention, unlike polyalphaolefins

30 (PAOs)and many other synthetic tubricating base oils, contain hydrocarbon molecules
having consecutive numbers of carbon atoms. This 18 readily determined by gas
chromatography, where the lubricant base oil fractions boll over & troad beiling range

and do not have sharp peaks separated by more than 1 carbon number. In other words,



greater than 10 hours, preferably greater than 12
hours; in preferred enbodi nents, 10 where the olefin
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30
OLOA is & acronym for Oronite Lubricating Ol Additive®, which is a registered

trademark of Chevron Oronite,
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of the Iubrlcatlng ba.sc~ oils of the inventioin
1h e geastivitarp e ing peeAtsrE eSS uerls hagietirdgs>Bpid-lpss agditipesg
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iticatroris i she bri cant
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aracteristi
| bR PR ottt Rueid S By AR e o 0 o
ar ea@, hrofrbs-tefMeo @ Muiersane. i b@idd@tﬁ(iﬁﬁt htypﬁhe RiiMGrovide
with |ove! 30 toupee ti i -c. ' ng
2@| ainfermiaion getfecygemepnty of feis dldp’«éﬁh{a% Ui ﬂm%@ldatw porddiiye
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gener at in, h dr aa..al.i stens s #lulds to
ook e RS R TR SHiahl b St ety may be
WO 2004l 8186nPGELERZ0AT P 8RARBheDluboARPEr i i tvr to
rise in a hydiaulic systemand shear nia y hung about
2Ecrnlanent viscosity loss in Iubrlcat|ng oi ls;
Geney:; AV ; ” sol ubl e organic
pol %ﬁ%blﬁJ¥k§I%ﬁB%“%fw§§gg} oL hoi no- or c:o- pol)-hers
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og{g im nrgx e f?'jgihl %. tili(? Q‘ig‘)mmetric characteristios of lubricants by reducing the rate
of thinping with inereasing temperature aud the rate of thickening with low
30 temperatures. VI improvers thereby provide enhanced performance at low and high
temperatures, VIimprovers are typically subjected to mechanical degradation due to
shearing of the molecules in high stress areas, High pressures generated in hydraulic

systems subject fiuids to shear rates up to 108%™, Hydraulic shear causes fluid

g
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Cer KPS Pt Pﬁ@é Rikert uph ez PFoesRT
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4geary f Ubr L ¢ant; VED: GONEAL, il TRRONE v 30 o0
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butyl” rubber, "I's WO 2007/118165 PCT/US2007/ 066095 5
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| i némeiivakiittes vicheo giatiyd akcihD@@: gbupsabout 150 L. St to
about 1[i.t7(~~1 (:St, In one einbodinent, the gear

| ubricant of the invention has less than 2 w %
t hi ¢ekenar wbrid: BasenEntibd nasdiss tiah l aGkRANV Himprover, preferably less
25 than 5 wi% VIimprover. Incertain embodiments, the gear lubricant may contain very
low levels of VI improver, such as less than 2 wi%s or fess than 0.5 wi¥s, preferably

less than 0.4 wi%, more preferably less than 0.2 wi%e of V1 improver. The gear

fubricant may even contain no VIimprover.
30  Thickeners:

Thickeners, in the contexi of this disclosure are oil soluble or il miscible
hydrocarbons with a kinematic viscosity at 100°C greater than 100 ¢St. Examples of

thickeners are polyisobutylene, high molecular weight complex ester, butyl rubber,
£ R & faac o
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28op i yias:is Tapwi lﬁﬁhi&u@ﬂmﬁ%ﬂla TR AL AR B,
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30

Pour Point Depressant

The gear lubricants of the present inivention further comprise at least one pour point

depressant. They contain from about 0.1 1o 12 wi% based upon the total lubricant
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9°C and the powr point of the lubricant blend in the absence of pour point depressant
is greater than -9°C, an amount of the pour point depressing base oil blending
component of the invention will be blended with the lubricant blend in sufficient

proportion to lower the pour point of the blend {o the target value,

The isomerized Fischer-Tropsch derived bottoms product used to lower the powr point
of the lubricant blend 1s usnally recovered as the bottoms from the vacuun column of
a Fischer-Tropsch operation, The average molecular weight of the pour point

depressing base oil blending component usually will fall within the range of from

Z 20 -
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1,100 ¢St at 46°C, Bright stock derived from Daging crude has been found to be

especially suitable for use as the pour point depressing base oil blending component of

the present invention. The bright stock should be hydroisomerized and miay optionally
30 besolvent dewaxed. Bright stock prepared solely by solvent dewaxing has been found

1o be much less effective as a pour point depressing base oil blending component,
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dispersions are particularly desirable, The degree of formation of & homogenous

30 dispersion can be correlated to the turbidity of the oil after addition of the hydrated
alkali metal borate with higher turbidity correlating io less homogenous dispersions.
fn order-to facilitate formation of such a homogenous dispersion, it is conventonal to
include a dispersant in such compositions. Examples of dispersants include lipophilic

surface-active agents such as alkenyl succinimides or other nitrogen contdining
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phosphite component, at feast 90 wi% of which has the formuta (RO) P, where R is
alkyl of 4 to 24 carbon atoms and af Ieast one dihydrocarby! dithiephosphate
derivative. The prefarred alkali metal borate compositions where the ratio of

30 polysulfides is carefully controlled are described in U8, Patent Application
117122 461, filed on May 4, 2005. These preferred EP gear lubricant additives with
the combination described above have superior load carrving propertics and improved

storage stabiliry.
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achieve an average degree of branching in the molecule between about 5 and about 9
alkyl-branches per 106 carbon atorns. Following hydroisomerization the pour point

depressing base oil blending component should have a pour point between about -
30 20°C and about 20°C, usually between about -10°C and about 20°C. The molecular
weight and degree of branching in the molecules are particulasly critical to the proper

practice of the invention.
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30 separated during solvent dewaxing from the bottoms has beert found te-display
improved pour point depressing properties provided the branching properties remain
within the fimits of the invention. The oily product recovered after the solvent
dewaxing operation while displaying some pour point depressing properties is less

effective than the waxy product.
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base oil blending compenent should be above about 950°F (510°C). The 10% boiling
point should be greater than about T050°F (365°C) with a 1% point 1n excess of
LES0°F (620°C) being preferred. The average degree of branching in the molecules of
25 the petroleum derived pour poiut depressing base oil biending compuonent preferably
wilf fall within the range of from about $ (o about 9 alkyl-branches per 100 carbon

atoms, more preferably from about 6 to aboul § alkyl-branches per 100 carbon atoms.
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7 or R4 P ERC VPGP 3. The tot al integral i nlensity

(-_-Sumof all integral intensities) 4. The integral
intensity per sanple hydrogen (total integral/nunber
1®f ’&?l&éféi«%ﬁp#ﬁf*br nul a) 2 WO 2007/ 118165

PCT/ US2007/ 066095 5 5. The nunber of olefin layclri _
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20 a minimum signal digitization dynamic range of 65,000, Preferably the

dynamic rapge will be 260,000 or more,

e Measure the integral intensities betwesn;
6.0-4.5 ppm (olelm)
25 2.2-1.9 ppm (allylie)
1.9-0.5 ppm (saturate)
B. Using the molecular weight of the test substance determined by ASTM D
2503, calculate:
30 L Theaverage molecular formula of the saturated hydrocarbons

2. The average molecular fenmula of the olefins
3. Thetotal integral inlensity {~suny of all integral intensitiss)
4. The integral intensity per sample hydrogen (=total

integral/mumber of hydrogens in formula)
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Series (uaternary Gradient High Performance Liquid Chromatography (HPLC)

systenn coupled witha HP 1050 Diode-Aveay UV-Vis detector interfaced o an HY
Chem-station. [dentification of the individaal aromatic classes in the highly saturated
30 Baseoils was made on the basis of their UV spectral pattern and their elution fime.
The amino colmnn used for this analysis differentiates aromatic molecules largely on
the basis of their ring- number (ov more correctly, double-bond number). Thus, the
single ring aromatic containing molecules glute fivst, followed by the polveyelic

aromatics 1h order of increasing double bond number per molecule. For aromatics
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HFLC-UY Calibration:

HPLC-UV is ysed tor identifying these classes of aromatic compeunds even at very

low levels. Multi-ring aromaties typically absorb 10 to 200 times more strongly than
30 single-ring aromatics. Alkyl-substitution also affected absorption by about 20%

Therefore, it is impottant to use HPLC to separate and identify the various species of

aromaties and know how efha.cnti they absorb,
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Calibrating directly with these aromatics eliminated the assumptions and uncertaintics
associated with the model compounds. As expected, the isolated aromatic sample had
a lower response factor than the model compound because i was more highly
substituted.
30
Mare specifically, to accurately calibrate the HPLC-UV method, the substituted
benzene aromatics were separated from the bulk of the lubricant base oil using a
Waters semi-preparative HPLC unit. 10 grams of sample was diluted 11 in n-hexane

and injected onto an anuno-bonded silica column, & Sent x 22:4mm 1D guard,
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More specifically, to aceurately measure low levels of all molectles with at least one
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l-unsaturations. The total of the 1-unsatitrations.
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5-upsaturatio 6- un aturattoes fro the I N5
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PCT/ US2007/ 066095 5 percent arornatic.s by IIPLC uw
1% s Evie %@ﬁ‘awlm’u@mﬂrp@mém sofd eple, pelraddy by plicing a small
Cyclmqn?ﬂli fafbg&tréi lt &flhj*o ﬁkﬂg%gt‘y (13 Ihslc%aﬂq 1\1%@&1;}2}51%{:{%})(? 39
COﬂt@ﬂﬂ&ymhﬁwnﬂﬂaﬂéasbﬂﬁﬁaidﬁmwmmGQSQUMEE&B@uhenk&$Smd'*
Ilan, 0, i uded | e. ul at on
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gr osfpe mm,y)uﬁéh ppticanakibyedsitibs t ot wukk chawivt tlghlq:ietcenta’r as rcﬂBfeam ned
subgtltuents rresentati vc exanples ntj]ticl but
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25
The lubricant base oils of this invention were characierized by FIMS into alkanes and
molecules with different nambers of unssturations. The melecules with different
numbers of unsanuations may be comprised of cycloparaffins, olefins, and aromatics.
i aromatics were present in significant amounts in the lubricant base vil they would

30 beidentified in the FIMS analysis as 4~unsaturations. When olefing weie presentin
significant amounts in the lubrivant base oil they would be identified in the FIMS

nalysig as l-unsaturations. The total of the T-unsaturations, 2-unsaturations, 3-

unsaturations, 4-unsaturations, S-unsaturations, and 6-unsaturations from the FIMS

analysis, minus the weight percent oletins by proton NMR, and minus the weight

=
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W@lkdoydesiesl - (pent adecan-C-, | )ruiplitlhal ene, BEIUSI07/066095
i ke, Molecules with nonocy:cloparaf#. nic |'t3rl<t _, I
ity r"an any nolecule that is a 20 nonocyclie
saturat d,l 1) drocarbon group of three to ;e erg ring
carbons or any idle :nk that is substnut.ed with a
si ngl enonocyclic saturated hydrocarbon group of three
to seven ring c rboa4. The c clopariftiilit roulatrt
@ pt paeeat #trymsuu:bé& HPLECEY iambe tote dm‘eiz@r pﬂnmmcbfmlmimdw m't'i
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it hﬂwwﬂﬁiefy gpan fritotplave IR SEEEh AL mpieeyﬂ%%éh any
I oLeeibrifidindi®ndid 15 d nmitle LhClalu it d 17
' ~I'i" carbon ring group of ssu or nore fused rings aln
%ol ecul e theft is SubStIttItedVMAth one or nore fused
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car B6HS, ThepElgnsgt e group mgy br: 0;}110@}]]& “Rli"ﬂ‘r‘m‘tﬁ“’ulﬁx?‘ﬁdﬁ more
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1@pt mhréekmy cglirs ety gxcédmwltdyd@h@ndrdenﬂwd@um Halewent s,

epr Ut etive exa, I a clude,. but. are oot . .
DR 81t 65 DB S, B BBt
dec&@thﬁwt@mhﬁ&h&abeJnﬁmﬂmunnamﬂekjmal? . tt ~ls ' o,
i.1,12 G :rigelEIl e; Il~nt c uca 4

decahvdrea- 1- (pel ttadecai-6,-yi) na piitl.~, lene, and

t he\«io‘lé‘@lee xﬁt%oﬁi&?&@]@dré}ﬁn16%}9%1{(1 lﬁsme-a%om:r Pl%leblr 1BRehing
Opertl es of the base oils of pr esent i nvention

2Wasmanesydicorsaiprntad Hygrocarborsgpiy @]r@e@@ sovyn rug,wﬁ@om O any
egl%%?%g L-hgilib)sxﬁiq {6&@%%8} adslu{]*get rtmgnatL Eﬁw c:QtL Pv}dhngz a%ﬁfg%n gpup of

t'he escr|p
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2% cplohpanpagd thek®. Bc ndal

Molecules with multicycloparaffinic functionality mean any molecule that is a fused
ndticyclic saturated hydrocarbon ring group of two or more fused rings, any
molecule that is substituted with one or more fused multicyclic saturated hydrocarbon

30 ring gronps of two or more fused rings, orany molscule that is substituted with more
than one monocyclic saturated hydrocarbon group of three to seven ring carbouns, The
fused multicyclic saturated hydrocarbon ring group preferably is of two fused rings.
The cycloparaffinic group may be optionally substituted with one or more

substituents. Represeniative examples include, but are not linited to,
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Journal .of Magnetic Resonance 1952, * ;1' off .). 20
2) Verify' the absence of carbons initiating nmultiplo
wheooaiiesises (qudrernary ec"3- {, the 1~.1 >' E PAKUS2007/066095
Se~lt1t:r3CG . iLlilt L. J, N Shocilei'y, Journa

i‘~r15) using e, ~~. of Magnetic Resonance 19S 21, 46,
5 a5lt:). the various branch carbon resonances tip
spcc : iic branch positions 25 and | engths using

tabul ated and 1-val ues (Lindeman, L. P., Journal of
ual tatf L A -ialyticai Cer, isirti 4 , 1971 1245ft,
N eti@@h3, r\}DA;whtm eral nejahydropdnial@@, 3.8 10- By @Tfiexy lpentyildeane,
PCT/,US2007/ 066095 | es: Branch
% G oy g§1nﬁx|d-ixan (3 di) aplit. % e ﬁl};lll':fﬁ(c-zgp 3-Methyl 193
or 1 L4 1- nletthyl 14:3 10 44-methyl 19.8 Intenial
ethyl 101,8 Internal propyl 14,5 or 20.5 Adjacent
met I§B¥@§”$5P@?”E§%lnate rel ati ve branching deris;
itt> at dilkru'tnt ctrrbon p z ations by conparing
the integrated intensity of the specific c -hcn of
18 _h&haeenwdinetrrgrerties ofghobge bids ¢ihke prateprinvyntion vasdaighened by

carbo

of eapisiire 5Bt waffeRion Aot RMe 1B e PR GHine en
uni e pro6as Reirerehe:24 nahhydmkmaan chiicwhree thotde deligls of the
termnal and_lie branch nethyl 20 occur, at the sane

r esBIPATE 8 posP | g1 2 "’c‘%‘”f%‘iﬂ%@ Y9 s dnidglvregaglagom & je
befggﬁwﬁstlnatlng the brrancWhin IrsrrsitS . If the

4- et hyl branch fl action is calculated and
tpabul ated. its contri'but urtt to the 4-+nethyls nust.

g:l éﬁlug: reaﬁtng (flv thg gler \é‘gl{u ggnr u?!d“le%lglﬂg Bragcrlht%rmmgﬁm gpomts using
car bon nunheni HH}‘{z]b@sequcnca (Doddrell, D.T.; 3. T. Pegg; M.R. Bendall,
2

3E).

Journal of Magnetic Resonance 1982, 48, 3

20 2) Verify the absence of carbons initiating multiple branches {quaternary
carbons) using the APT pulse sequence (Patt, S.L.0 J. N Shoolery, Jouwmnal

of Magnetic Resonance 1982, 46, S35t}

3) Assign the various branch carbon resonances to specific branch positions
25 and lengths using tabunlated and calculated values (Lindeman, L. P., Journal
of Qualitative Analytical Chemistry 43, 1971 12458 Netzel, DA, etal,,
Fuel, 60, 1981, 307{f).

Lo
A
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determine d ~i itl1 trl: i rtt ac racy for lubricant ,n

icf ials by dividing the r diecttlar weight of t e
weawphesiy 14 (thee fornmula t~ ° to ui 13 1. BOT/UR07/066095

nunber of branches per nolecule Is the sum O the

broone' ies fbrand in 30 step4. 7) The nunb :r of

al kyl branches per 100 carbon o tons is cal cul ated

fromthe Z wu,i-: cr of brenches pernolr crtle (step
6) time 100 average 'cirhonn ixtliil'i' Cr. WO
2007/ 118165 PCT/ US2007/066095 5 8) '~tir3kal r
Fribyammes= iri~i; : (131) The Bl is estimated b y 11

MR Anal ysi s resented as 988 Set hyl
At RS Eahicf% % ol

hydrrogen (chem cal shift range anong
total hydrogém@silesti mated bg2ZNVMR in the liquid
I|ytIro~t|bQ nposi ti on. Etlrmte Br anchi ng
unity { Pj. YT'B]b? 131' is st %ré“ g ~ C -\l ~
and present adndst. pur ecr rtages & recur r i ng rncthyl cne
carbons vv'hilii ar. i; or or nole carbons away
Hw i the erﬁdmgthhiup or a brah®h (represer,led by a N
MR signal N pm arnopg.total carbons as
estimated by rﬁﬁ\/ﬁﬁ ot he Ii qui g@hydr ocarbon Cvllipc
siticrta. 15h#8&pal (ﬁaip@m at d4she2&8ee Carbon Index (M.
The P'Cl is gx rwesseg _nits %,“car bons. Counting the
te: m nal met B PB¥anch. cafBon as "one" the
"-ii-bons;,in theFCl are the fifth or gr- -ater
carbons fromeither .i straight chain to mliual
hethvi  orfstippiemlyive benetnni@shi # i Bapbenbon gostiegeby
carbon apRsa. RioRH A% ferisi febiielchfbol BERE BV alky
r-13 spect ruh1H %hee;}n@g&{cL e%ng{‘fgr edg‘gs? 1Igtti('ltyl S)rﬁ %‘;“:’ a 5 alkyl
cal cul at e grhe ua&heri:ﬁgexmair'bmme rurhdwhioh it dygaltolegul es
in the, d ot al on-
3"\ nt egr an By BATREREY e TP Rel BHSSF iPel RN FS) Ryt
tl c aver age «fafeRofBUKRAEL WM BHeRe Rrmindl :&E&i@d Rakdh@nethyl
integral area per ci 'i oa In the sanple, ¢, rr
Si ue t WECUT AL THC FETETESPIACE POSIEPTp RIS 1R /a5 divisishbY Hvo
the sazr: HRIoBs e eslfhting the branching density. if the d-methyl branchi fraction is
calculated and tabulated, its contribution to the 4+methyls must be

subtracted to aveid double counting,

25 5 Caleulate the average carbon number. The average carbon number may be
determined with sufficient accuracy for lubricant materials by dividing the
molecular weight of the sample by 14 (the formula weight of CH;3).

ay The number of branches permotecule 1s the sum of the branches found in

30 step 4,

(8 The number of alkyl branches per 100 carbon atoms i3 calealated from the

number of branches per rolccule (step 8) times 100/average carbon

numiber,



30 d. divide by the integral area per carbon from step

b. to obtain FCI (PP1062306A1). 3 Y. WD 2007/118165
wWeAN/WEeD7/ 066095 5 ,leastrrenments can be p'PCT/USINEEH6095

rasing any Fourier Transform NNI ~ pe-c~rorneter.

Prefer ty, the neasurenents are perfornmed rasing a

spectroneter having ; magnet of /.0 T or greater. In

all cases, after verifica ion h,d Mass Spectronietr'"

U or an N R sur re'that aromatic carbons mere

absent, the spectral width for the '.'C NWR s

5 A8 r Estipaiefaanchise fiex GHll- The Bl i Lpﬁlm@a‘# porl N&gﬁ 6ﬁa ysis and

abOUt 5 &0 0 ‘sgﬁ?Fé:Vx%aﬁe-%{ Ll’l]V h'»ldr%ﬁ Hﬁlﬁﬁl LG %Fﬂ %Le 8.6+ 13%‘\ ppm)

l,, d6o rs o percent 00ro C
-dl wergong ksl hedr bm:b as e§ti@atad bUII\MR i the Hquxvi/élgidmyaranﬂs
sec acquisition ti . nr>ur omnimze

non- un|8%W?%”qr|tensrtr data, the broadband prow ii

"'n verso-gated was used duringa 6 second del ay,
@rlor to the ex0|tat|on,fulse and _on dur |n%®qggp

anpl e Eshrg Brajching ey <igpiph B g BPrivesyrosdinr (MR #1d

. YC R I“LJR,EEICG axsbulcbqggﬁ: of r&ﬁrrﬁ,rlﬂ) n%’_%iﬁ"ié'ng NS Wur@four or more
relaxatlon agent to ensure ;I:?21'l inters .rhea are

obser, s&ﬂmnﬁb&aumnekpehhﬁagntaﬁkneh@rwtwgedbvﬁﬁ@ﬂﬁ4vh®at
8 hour& The 111 )

out 11 P el PR BTG SRSl N o epercon
7.0 T eomgbgader. Free |ndu "t:c)u decay of 64
CDuveraged trard' :- nts were acquired, tlr plw,rug a

190 excitation puts -'., 1 relaxation decay of 4
secondsiai@ialde BREORESH 120k aﬂ@? BEPL AR @@E&@ﬁ%ﬁo GESibons.
were carried out accordlng toliterature
uns  vitfdustizg thqattrimﬂpl mjethyl or bmmthwxbpn d:@j tng ~l‘hL mrhegt@ m nhe FCT
: hgr Vgtral}*atatﬂe ?ﬁ!& er T(z{tér c[n lmm fronljﬁeeﬂ}ér 1) Qtrgxg‘g i L{l(,!ln thE,mfiJIw:t vl or

1t r~l risaea bmffhﬁndﬂlﬁﬁg uaé&ns eolat Earﬂ@mnpﬂ,ailﬂxlwetﬁsﬂz@ 4 ko
ﬁéi c.d bndls bonded. to protons. DEPT 90 s,ro i"..(

ar bong?Srp v pecerbpn-14 geecoBms R are S RAACPHOWE:| P
and Cl -1 1%$0" out of "liaise ,dn,I :r ?. APT is

Attached Proton i (~1t. It .aII ivs ad c'irhons to h:
scarf, ha daleblal' iy svicragd cafbongiundel o eheupgletiiesemthe sample as in
quaternar| s and 1< ' - '--11 The sequences :r'
sC' 3 T2 i, C11 )} bi-ane | 117 i tV' 1 Houl
hav a corresponding CB. And the rneilbr',l group
gt e |i"-r f. identified by id >>ic;a:l Shlf| and
divide the total carbon-173 tntegral area (chart divisions or area cowits) by

the average carbon number from step a. to obtain the integral area per

carbon in the sample,

c. measure the area between 29.9 ppm and 29.6 ppm in the sample, and

. divide by the integral area per carbon from step b, to obtain FO{

(EP1062306A1),
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phase. Both are described in tl, r 1:: 13ccs 64c,", 30
The branclring properties of each sanple were
waledoenrsed by "C N zR rising th( }_trr ptinn PET/URM®07/066095

calculations that the entire sat;'p!."’ S
csty-l~araflini . "Cir cisrli melt:.:i,".1 r-I le
| -or 1ll-paraff ,as or naphthR nes, v I-,... Way have

been present i:1 rl'ie oil WD 2007/118165

PCT/ US2007/ 066095 5 Sanples in vaaiyir:g anmounts. The
i i apl ht henes content may be neasured using Field |ost
3z, Mehsuremants cb,@é:speﬁpenqdrt@gxg@py F Qlﬁwsy‘l‘dﬁﬂk@l NMfreengomaeter.
lt Iong : ;@1%; A @m mmmmnen?s l: Permr% 5 \93? abs%gcl{o%geic% % vmtt 8 magmt of
nonoval @nteakty.dn. @Cﬁfcsb@ﬁlﬁta’r azdmﬁ:cahmoﬁv &ﬂg@ﬁgtﬁ@td&@nuv or an NMR
at ons. 10 Pr; rerahly, the nl

met RSy that &m%&%ﬁmarm abw%ﬁ%%@guf %r%‘a Bn ﬂbutc 1&.1\@\ studies

not whi mn;t&pt@th% satibaled caGRR r@%hab@lt 8- Biﬁ ¥ikm «@H‘W‘t -prop
1% t; i sopropyl, rr-butyl, i'sol 1, s uf. 't utvL. t
u

yt’tmmqih\belme\ﬂgoi@ngh oRe-35 mg:u}ﬂbvmﬁ:g_lE@ thgsmpﬁg 1 were
fol lex% CE] %y g@gtpngcsehs)l G «:deTWMA)ggsw au{?m%tﬂ)rntt dnes,r mctl ggr I)%mtul'{*ﬁze

i nVen are not to

t at h@f-tuﬁmﬁﬂ ihiheits dnpehaafroddband m&z@@tnverab«gat%ua%mzplmL was used
hyl dr ot r eat ed cobalt based Fi scher - Trg h wax had

t he Y51 5Rnich g Fﬁs!db BIRYT; t%;rshe e*F‘db‘ithn puibe and op during acquisition.

Tt Sz‘tm 'i:; »\LE;’E 9!@855;»(,& mth 0703 10 005 M Cr(acat ]y TS (Mt& Lt@zgﬁﬁbto B
Or -Till <6 n par's t GE.

’lge glxogﬁmaim)bmti@mtmn ggtnvtog,mmggg‘xlmlw@uqicsm, C..thﬁrhtq T otal
Cl r %s%{cg%remct% 25 ?2918 or? Q%g Q d!):urg‘c‘irﬂ\gln 2| ﬁi\%‘@ 'ﬁ%‘!«l‘lg\&[&re alsb )éamed

ror sol ner
t ’?l bt usimb lampemhl%t&}mﬁ i}nglaaﬁa g of aﬁﬂd)rtgjr\ﬁmﬁil thep mdumzstieqa\ ot
tar+get. The base oil had tyq‘p operties as. shoyn
Tabf4 ugpfcr'med transients were acquired, emp mf ng a 907 exeitation puise, a rclaxat;un
decay of 4 seconds, and acquisition time of 1.2 seconds.
20
The DEPT and APT sequences were carried out according to fiterature deseriptions
with miner deviations deseribed in the Varian or Bruker operating manuals. DEPT is
Distortionless Enhancement by Polarization Transfer. The DEPT 45 sequence gives a
signal all carbons bonded to protons. DEPT 90 shows CH carbons only. DEPT 135
25  shows CH and CHj up and CH, 180° out of phase (down). APT is Attached Proton
Test. it allows all carbong 1o be seen, but if CH and CHy are up, then guaternaries and
CH; are down. Thie sequences ave useful in that every branch methyl should have a
corresponding CH. And the melhyl group are clearly idemified by chemical shift and
phase. Both are described in the references cited.
30
The branching properties of each sample wers determined by 3¢ NMR using the
assumption in the caleulations that the entire sample was iso-paratfinic. Covrections

were nol made for n-paraffing or naphthenes, which niay have been present in the oil

Y -



39 WD 2007/118165 PCT/ US2007/ 066095 5 Table 11 ---
Sanple Ptopend s FT-7.3 r i ;:;osliy, at 1000C, eS

W@ 2338165 osity Index 165 ~ 7.1 '~P Pour 1 ciPCIZUZ®07/066095
AST %M D 635 SI 11 1ST wo%. "li 742 5 777/958 10/ 30
906 50 950/995 70/90 1011 95 1- ding 0.42312 2-Ring
4.00446 3-Ring 0.00028 01.00001 Total W %" i
n_aiics 0.002819 't% A inis 445 "''". FJ.M5 W%
, Mkanes 72.8 I-Unsatui itious 27.2 2- to 6- Uns
tiima ons 0,0 ott 1 104,4 'Dotal LSt ~io 1 ole ales w
Bi t kamples in varying amounts. The naphthenes content may be measured using Field

Tomization Mass Spectroscopy (FIMS).

“Alkyl” means a linear saturated monovalent hydrocarben radical of one to six carben
atoms or a branched saturated monovalent hydrocarbon radical of 3 1o 8 carbon atoms,
10 Preferably, the alkyl branches are methyl. Examples of alkyl branches inclnde, but are
not limited to, groups such a8 methyl, ethyl, n-propvl, isopropyl, n-butyl, isobutyl, sec-

butyl, t-butyl, n-pentyl, and the like.

EXAMPLES

15
The following examples are included to further clarify the invention bul are not to be
construed as limitations on the scope of the invention.
Example }:
20
A hydrotreated cobalt based Fischer-Tropsch wax had the following properties:
Table 1
| Properties
| Nitrogen, ppi 02
Sulfur, ppm <6
n-paraffin by GC, wi% 76.01

25  Abaseoil, FT-7.3, was made from the hydrotreated cebalt based Fischer-Tropsch wax
by hydroisomerization dewaxing, hydrofinishing, fractionating, and blending to a

viscosity target, The base oil had the properties as shown in Table H.
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--------------------- Ratio of Itlc.~v. Ic, I,
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--------------- - 13 WD 2007/ 118165

PCT/ US2007/ 066095 ------------- Sam |le Properties 1

T-7. ---------- Xin the e uvaatio is Vi 28 x 1 tl ?

Lii (I ST OO +X ----- ------ Tracti on Coefficient

al 15 LSt <0 ,021 a Exanple 2: Three blends of gear

$ubricant usi ng the FT-7.3 -\bledi e bl ended: with gear

| ubricant EPR addirtiveypackaggss-Thegear
lubri,! I ° <_tdd el lsmb rﬂk Sonpr | S6d sul fur| 10
phosphorus (S| Pyi@asgyat SIOa@cﬁStdl spersiongaF
itydraated alkali--met-al-borate -EPladditives; ..—conbi ned
with (c)Ter addi t i PERSITHESaddi t sycs usetPSin GEARA and
GEARB wer e _Sang, ap thoge used|{is conmmgrei at
. O
producti on cI t hevroﬁ”,l] of Geat Lubricants_The
nddl ti vcs used.ASTM D 3EARIMIMYTe t he sane as those used
in conmercini proda %tgc n of Chevron Delo t, Trans
Fluid ESI(r), Delo (¥ dn d ESITO aare * jstered
15 trademar ks of Che "goozr C: orparati gyagsdhe
formul ati ong of these three gear flubrica lt N ends,
CC rL sammarized in TabPe 111. 'tlable 1916 --- -~ 1t
ars?c rrc.ng, 1st 1 Gygk'\ (xI A I 3 i okpfysr
Borate [P Additive | 6.50 6 50 4. ﬁ
| 701 40 611
95
I-Ring 0.02312
2<Ring 0.00446
3-Ring 0.00028
4-Ring 0.00032
6-Ring 0.00001
Total Wt % Aromatics 0.02819
Wi Oleting 4.43
FIMS, Wite -
Alkaves 72.8
{-Uinsatarations 27.2
< to 6- Unsaturaiions 6.0
Total {000
Total wi% Molecules with 212
Cycloparaffinic Fanctionality
Ratio of Monocyeloparatfins to 1430
Multicyeloparaffing
Oxidator BN, hours 2408
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weionttiddepr essant 0.40 0.30 0.80 - - -- - - -PET/US2007/066095
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arat' 13 ter ent t .00 0.24 0.00 Axatao\ld"Int 0,00
0,00 05 CQu 1-1.111 -41 WO 2007/118165

PCT/ US2007/ 066095 -------- ~ Conponent, W'Wt" Cs. ~RA
GEARS 'G EA LT Jduhric.sant haV|sn,

49.75 11.611{40, 35§cumﬁziﬂ6ptal‘%a c aro atlicfs73>. 20 W %
total r:olo ;\m ti‘e E’qlh“lmmyvl§ H%*(”u me-Tpgctional

it Ny,
and a ratiojo f oS
ocvuloparafl|tS|cLﬁmn$Hmmmail fo nol ecules wiith

mul ti ,rf | ¢paraflinic ursctioualitv--~—12_..5.C tgo
Bri ght St ock Iregon %O%‘I‘ﬁ%%tlab\%% deri ved@Eroup |
bright stock produced by 5ol vent dowaxing.—The
properties of these three oiiil .rent -1:ar

| ul Bxdngar2t Mends ,:ss shown in Table. IV 10

O

Three blends of gear lubricant using the FT-7.3 were blended with gear {gbricant £P
antiwear additive packages. The gear tubricant additive packages comprised sulfur
10 phosphorus (S/P) and a stable dispersion of hydrated alkali metal borate EP additives,
combined. with other additives. The additives used in GEARA and GEARB were the
sarne as those used in commercial production of Cheveon Delo® Gear Lubricants
ESI®. The additives used in GEARC were the same as those used in commercial

. Delo®

production of Chevron Delo® Trans Fluid ESI® ® and ESI® are registered

15 trademarks of Chevron Corporation. The formulations of these three gear lubricant

blends are summarized in Table OIL

Table 11l

Component, Wit GEARA GEARB | GEARC
US/P & Borate EP Additive 6.50 650 | 480
FT-7.3 49.7 1161 40.35
Citgo Bright Stock 150 13.25 81.20 5329
PMA Pour Point Deprossant 0.40 0.30 .80
Corvosion Inhibitor .08 0.04 (.60

- Antifoam Agent 002 0.02 0.01
Dispersant/Detergent 0.00 0.24 0.60
Arntioxidant 0.00 (.00 0.15
Total 100.00 160.00 100,00
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| to molecules with multicycloparaifinic

HntlmncntL}-\?%q%Sedl lent 110 2{ OGEABY | -GSt\BJBa c GEARC

\ AL ad Py at a¥al o' el ] - CQad; Kt
2. e . \'/ C»JT =N at oo} P | e IICI]}, =
S0 Y28 8 Wbt7) 18185 poh USobo7) pacoss 1f | 033
} 4,00 S0 GlmbiRatus, J G whRlordCl 12 -26  Brookf | eI d t
c 21 act 1408 2498 C britPp - ..-- 613 Nx

malequiesgyith %’8‘8{"’%‘““‘@ AR A ahd CEARB bare excel |l en
aﬁul&twﬂﬁlh@ anh g rafng of o legﬁ.-gs -Autonot i ve and

with monocyeloparaffinic functionatity

functionality > 12.

Citgo Rright Stoek 158 is a petroleum derived Group I bright stock produaced by

solvent dewaxing.

The properties of these three different gear lubricant blends are shown in Table 1V,

Table IV
Properties ) GEARA | GEARB | GEARC
SAE Viseosity Geade a BOW-90 | §5W-140 | 8OW-90
Viscosity at 100°C. ¢St 14.44 25.32 14.51
Brooklield Viscosity, ¢P, @-26°C o370 36250
Brookfield Viscosity, ¢P, {@-12°C | 33650
Foam |
Seql| 0/ 00 0/0
Seqli | 0/0 0/0 10/0
Seq il 0/0 oo 01
Cu Strip Corrosion@100°C for 3 Hours
24 2 1B
Storage Stability Rating after 20 Weeks at Room '
Temperature, Lig/Sediment L2 2/0 2/0
“Storage Stahility after 20 Weeks at 66°C, |
Liguid/Sediment A2 210 211

T
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oat, i nde used nd of ti (tjlk .
UC }ier'gml \T 5 Iorrgﬁ,p{'? Y@%@i H}damél (I& A(I;{%C B‘O}tdﬁ'ﬂlfv\ﬁm‘:‘l (or }Cé”% Fllllt}
| 00ndnua ttanimissiBRsGEARE, mbas ﬂ@ﬁlﬂmﬁhﬁ foﬂemghst 7502800kl
thetot‘al gear |ubrigant, havin - ,f7;?t" Scire
17 ‘q:);_iﬁftl zéxpan,aptx@f\ g mré}mqm@mnp uu&sr tf O 06 v t%
armmatics, b) greatei than 20 t~Yo total r tok ules
{di Li ctnpar:atf nic 1-uniction ality, 1'1]1C] c.ili
6 LIFEARAGRARBmE GRARE azwict(mnmrmq-‘@e@triahi\famxwéthia mverntion
unct.i ona ecul.es nm .
19 it SRk ol e REH T R R GRAG i 1t e of
PCThSROQ A HKI68GRA Rfin Thes ef BxaRifd! @S’i%@ﬂk dt havec hiadded by the

even better prop ert(g{ es if they had been bl ended with a
baganidtic hwrsrsg 4 188 tigpa Hhap or @%“9* i 9 BRat debineg y Uy qapyation:

L bl RERCKsEAN T SH ISR IS Bl lies RAPALink EHUENDInG hat
| endi ng conmponent. Exanple 3), ed conparati ve

i oI téndsmwmeé siphifichel ersdung déhge mgbia:lm@r Blipnd g0 hameity index

OOI g= nnpm\ 2 N4 dit[l()llu ly afl three of these oils showed good storage stability, low
foaming, and good copper strip corrosion results. Surprisingly, no viscosity index

improver was used in any of these examples.

GEARA and GEARC both had more than 12 wi% of the bass 0il, based on the weight
25  of the total gear lubricant, having the more desired properlies of? &) Jess than 0,06 wi%

aromatics, b} greater than 20 wi?6 total molecules with cycloparaifinic functionality,

and ¢} a ratio of moleculas with monocycloparaffinic functionality to molecules with

mutticycloparaffinic functionalily greater than 12,




salfle gent' lulbricamt i:l.itit e, packages as the

Lit i;d d sscribcd in P.xai 7pk ?. "I he fornulations
w@Roorheses Conpari son bl ends are sumaf..s d PCT/UsdDB066095

V. 15 fable V Conmponent, \Vt% Conp. Conp. C tip.

C FARD G EARE ~Y fte' S, FI~ Gade 80t'--90 85W1, 40

80\V--90 SIP & Borate PP Additive 6.50 6.50 4.80

1,17 emi7 I'li OF:\. - ---c-mmmmaaao- Il 1S 16.74

7..~ 1 Gtgo Bright Stock 1SO 1m8' 76.16 17.93 PN A

ID 0.40 0.30 0.80 C of )sinn Inhibitor 0.08 0.04 0.60

E. . These examples would hyetfisgven tagerto@r@g i{0hg2hag bean blended witha

___________ no je U t / e i ? t Q w TOIR,
Ant tl)%g(o%%aﬁtl 106 <68318 Os‘ia»'» xilsﬁ-gs L i R a 1911 %)stockz!%d’u QEQQ & pour
Tot @lint18Hciae hﬂ:ﬁrﬁﬁ@&mﬂ;ﬁ@m@ﬂ t Ot aI WNcei.~lit

percent of gear lubricant 0 0 O ha-ving: ,~, .06 w%

aromatis:s - 2°01 t%total nolecules Wth
cyctﬂ,ﬂfi%*atllmc t 1F1C liou |t a[nC| i3"tio of
"'+ tiles E 41h I1MI1ill.J)CdC "clati ;C
1Q11tnC—t|ofI ,Iily to nolecules wth

m i ’!"hrwc%?lpgr%ﬂ@g S%JJQ Qslzfe xmfuk LElfme ulmw.mgon?i d} oup LY e mt’% u%mw the

samne gear lubricant additive packages as the blends described in Example 2. The

r7t)

formulations ef these comparison blends are sunumarized in Table V.

15 Table V
Component, Wi% Comp. Comp. Lomp.
GEARD GEARE | GEARF
SAE Grade 20W-90 | §3W.140 | BOW-90
S/P & Borate EP Additive 6.50 6.50 1.80
Cheveon 600R 7818 1674 | 7571
Citgo Bright Stock {50 14.82 76.16 17.93
[PMA FPD 0.40 030 1 0.80
Corrosion Inhibitor 0.08 (.04 0.60
Antifoam Agent 3.02 .02 0.01
Dispersant/Detergent - 0.00 0.24 0.00
Antioxidant ' 0.00 0.00 0,15
Total - 100.00 100.00 | 100.00
| Total Weight percent of gear lubricant 0 {3 0
having: <006 wi%e aroinatics, > 20 wite
total melecules with cyeloparaffinic
functionality, and a ratio of molecules
with monovycloparaffinic functionality
1o molecules with multicycloparaffinic
functionaiity > 12.
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WD 2007/ 118165 PCT/ US2007/ 066095 5 Note that G tgo
Bri ht Stock 150 is a Croup | hale: nil ha ing greater
W@ b@n1P8sw1% aromatics and a VI | ess than 100PCT/UB1087/066095
properties of thi e three ditf ;rent conparative gear

bl end: are Shown 111 10 Table VI. '.fable Vi
Properties Conp. Conp. Coraap. CEARD ti E P CGEARF' .
SAE Grade 80WM90 1~'YV_ SOW¥90 14 0 Viscosity at
100C. Cst 14.23 2492 14. 1 15t wukii i Viscos tl,, ip,
5tul 00 13,t<<ii Fie]l]d'1is osit *, iP;7."s 0 (Z,-
L 1't3~;2"i4 Secl t 010 0/0 0/0 Set? 11 t0/0 0/0
35/ Q0 11 S8l et dnt 8c101 Y102 Oy Thaser i iy T wiciter T 58 i
25/ Ll iy BP0 o e Bl B i
St orageics ughd 0 lbss tRyalithz7 after "0 1, eeks at Room er
i." i ~1r~, | tll,~tdzaiaenz. 2/6 2/0 2/0 St talal t
a, e 20 Weks at 66C, | iquid/Sedinent 21/2 4/i

The properties of these three different comparative pear lubricant blends are shown in

10 Table VL

Table VI
| Properties B Conp. Comp. .C-om;ﬁ.
GEARD | GEARE | GEARF
SAE Grade TROW-90 | 85W- | SOW-90
140
Viscosity at 100°C, ¢St 1425 24.92 14.53
rookfield Viscosity, ¢P, 65100 | 7700
@-26°C
Brookfield Viscosity, ¢, - - 35500
@-12°C
Foam
Seq 1 00 810 0/0
Seqil{ 00 /0 3510
Seq 11 0/0 00 | 0O
' Cu Strip Corrosion@100°C for 3 Hours
1B 20 I8
Storage Stability Rating after 20 Weeks at Room
Temperature, Lig/Sediment 2/0 20 24
Storage Stability after 20 Weeks at 66°C, '
Liguid/Sediment 201 22 471
B, °C ' o 26 12 226
' Brookfield Ratio ' 4575 1425 5334
613 x.¢ (U =B 37833 | 14199 | 37833
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1wurhr&mewrab1&ymgmeﬁﬁ@noFMaﬁ\rﬁ‘ i%Tkman®h3umﬂnﬁmvenuﬁﬂc

base oi | E.1-7, o and, -l 6/ 4

wor R Ol P S PSR iy Bl pna i o

Thenpreegess@scBpsafiiaicTake: ah’hﬁ} bﬁiﬁ@ QbdiBoFrmMefuis 20iha

droi soneri ?;ttion dewax ri pflnlsh|n

f r aBeNesHEPPFYTIng Aepchrehiitn fw‘%bl“a“’“ﬁ‘rF‘élﬁbé‘,‘rl?@“tiéi“@et

||1ﬁm&§nﬁﬁw 3 Macuymi stillation bottons product 11,x
i itnisi}it3 was doiie to a grezw r extent Wi th these

1Phase oils such that the oletiil® were effectively i
|n1F|nate . .., th base oil, F 1'-24, was made
fronﬁ% V?I-otrcaled Co--based FT wax |k ina Iess
than O ."i par nitrogen, Iess Iha|| b ppn1 01, iIftir
It i atal%of nl-paraftrt of 76.01,'1"|1c

FT- Bre Bas @11oif - T - Hégbﬁlﬁ{}ﬂ?ﬂwlu%“F“TFﬁfﬁmniwféﬂ“‘

cl epqxi,Q Qucm@i' iR tlé‘ﬂr%lﬂm t ht.a p’rme@@l 110931 fo thiieNe BBLoils were
sel ection of. )t m pralllL. 1 havwng: 3

20 hvdrozbomcn?at:{m duwﬁmnﬁ hydrofi mbhmg Ilaouomimgy and blendingtoa
viscosity target. FT-16 was a vacuum distillation bottoms product. Hydrofinishing was
done to a greater extent with these base oils, such that the olefing were effectively
eliminated. A sixth base oil, F1-24, was made from a hydrotrested Co~based FT wax
having less than 0.2 ppm aitrogen, less than 6 ppm sulfur and a wi%4 of n-paraffin by

25  GC of 76.01. The FT-24 base oil was made by hydroisomerization dewaxing,
hydrofinishing, fractionating, and selection of a heavy bottoms product having a
kinematic viscosity at 100°C greater than 20 St and a T10 boiling point greater than

1000°F. The six different base oils had the properties as shown in Table VIL
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19. ohayc e mtm cw\nm!w@l@‘Ewﬁh mtmi?czc ﬁ@r@fﬂynu fgrioolio i @muﬂm “@t‘l

100 thv?@p@xlm‘t\% flunégho% ht:g gl%[ﬁ@r than 12. FT-16 and FT-24 are also pour
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20

30

point depressing base o1l blending components prepared from an isomerized Fischer-
Tropsch derived bettoms product, FT-4.1, FT-4.3 and T'T-7.9 had pour pomts such
that the ratio of pour point, in degrees C, to the Rinematic viscosity at 100°C, in ¢Sy,
was greater than a Base Ol Pour Factor, where the Base Dil Pour Factor is defined by
the equation: Base Oil Pour Factor = 7.35 x Ln{Kinematic Viscosity at 100°Cy ~18.
All of these hase oil fractions also had traction coeflicients less than 0,023 when
measured at 15 ¢St and at a siide 1o roll ratio of 40 percent, Surprisingly, the FT-7.9,

FT-16 angd FT-24 base oils had traction coefficients less than 0.017. FT-24 had an

‘egpecially low iraction coefficient of less than 0.011. The lubricant base oils having a

traction coetficient less than 0.021 are examples of base oils that would be especially
useful in gear lubricants to save cnergy. Examples of gear Inbricants where significant

energy savings would be achieved are heavy duty gear lubricants, P gear lubricants,

and wormgear lubricants.
Example 5:
Six blends of SAETSW-20 gear lubricant were blended with difterent combinations of

the base oils described in Example 4. The formulations of these six gear lubricants are

surnmarized 10 Table VIIL



"8 1.8 40 .8 .3S.) 31.5 ?; ,0 lubricant havinev:

<D.06s"toa E k rt%total 3 N nolecules witli I r '
wQetoopsies fi nic, functionality, af]d a rati o oPCT/US2007/066095

nol ecul es 4?it' iuiono -) clc parafni S 1LI1,t

i.ionalit to to Oonality > 12. | -51 WD 2007/118165

PCT/ US2007/ 066095 5 The properties of these six

diilercnt 1 ihric..Ent blends are shop an in Tali!'-

Vul!l. Table V tIl | Property fr EARG A ARJI G- J

d~;r~F (EARL GFr ,RM 75W90 75W090 75r1- 0 is Quide

F5W 90 75VV90 75W-90 \ as{T#@& Yy at 14.97 14.88 14

St e b e O CEAEY GEARI R aBT | SFARK [ GPARE | GEAR
T3 ookt el 11 "W(1{3 11 2 20 113000 103000 117-00 | M
Vi|

128000 -vi-seosit-y--al--40"-C.— 0-—Pour--Point 47.4- 44
25| SAE Gy _ a4 - [ 13W=90_ | 75W-90_{ 75W-00_| 75W-90 ] RSt e
Gear Lubriant 500|500 500 50.0 0.0 | 500

| Additive Package

with S/ EF Gear

Additive

BT 60 Too 0.0 350 315 1300
FTas 48 363 1378 00 100 0.0
FT-7.9 0. 0.0 0.0 15.0 18.5 20.0

[FT8 153 23 193 0.0 0.0 50
FT-16 ) 0.0 15 3.0 0.0 0.0 0.0
Total 100.0 | 1000 1000 {1000 | 100.0 | 1000
Total W% of gear | 34.8 | 378 408 1350 315 30.0

labricant having:
<06 wideo
aromatics, >20
Wit total
molecules with
cycloparafinic
functionality, and a
' ratio of moletules
with
monocycloparatting
¢ functionality to

| molecules with

mudticycloparaffinic

functionality > 12.

'
iy
i

5
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613 .
1
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c{-s -40 -40 -40 -40 -40 -40 Brookfield Ratio 7t
O 75 7615 "213 8025 8637 --

[} 1 100 1 f 21008BCT/US2007/066095

4,1 1,

Tt

greater than 20
}ffirat+c’

t’ll

Note that the 61 that had the
Is |l ess da.si4c.c)
Gl ARM sl so~ 1vid the | owest

r t'h"an

t ot al
firnctionality,

andE)prepertigs pbthet: sprbifaed|zearduinictt bingheoe thwrg ip laple vV It

itt;1]lc functionality to nolecules with f ncii nri
t4, r t r it nnl -L The blends additionally com-ti
ila~a p alr point 15 d Lq?hbh§ﬁﬁ base oil blc;id flri
conrpoanent-prr—oared jrn”‘°“ Eroff-trHeg-htsehRet i
| opoRe | 710 | OFARG | GEARH | gty L TEARE DGHARY | @ARM
1. Rehanghde ) TR s WiE0 Y w6 ARl Iog> < 7YRLGN [Gis8y.9)
not..contain an -52 WD 2007/ 118165 PCT/ US2007/.066095
5 BXappiteasi . 714§D Lorwilr atli b484~; bIGIB i s| 0f.68 SAL 14.82
75V\{(%Qﬁ,q:%r ubiic t ijs were jattenptied to bé made t} in

11 Sa, e ils as usediin Exanple 5. The |
forwmhﬁtvﬁns\of tfdhese {gempar atiisge gerss [ abgtrant | 157
bends are.surni_aH zed-in.Tahle | 10.-fable X S
CopPonkitld \Wog COE0T 101 &R, | LIBRAF NBERR | J17800_ | 128000
- - th%gx@d 7 5 W9 75W9(1 |~.ir It] ricant Additijve
Package wth 50 0 50,0 SiP RP Gear Lubricant Additiive
- -1 4070, P

Pour Point, °C. | -47 -44 45 47 -45 -44

B, °C 40 -40 40 -4 -4 40

Brookfield Ratio { 7680 7542 7615 7213 8025 8637

613 xe MBI 10081 10081 | 10081 10081 10081 10081

10

o

Note that the oil that had the highest Brookfield Ratio (which is less desived) was

GEARM, Of these samples, GEARM also had the

oil having:

with cycloparaffinic functionality, and ©) a ratio of melecules with

monoccyvetoparatfinic functionality to molecules with multicycloparaffinic

lowest total weight percent of base

a) less than 0.06 wi% aromatics, b) greater than 20 wi% total molecules

tfunctionality greater than 12, The blends additionally comprising a pour print

depressing base ol blending component prepared from an isomerized Fischer-Tropsch

derived bottoms product (GEARH and GEARJ)Y had lower Brookfield Ratios thay

GEARG which did not contain any,
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of These .~,.4corz~parnt.ahe ~ ~, ..It:l rJ,.art

bl ends an, s,zE.,wa in Table X. Tathie X Properties
J cE¥pple 6ET/ kf "IN con-1p. CGEARP - ------- At iai

SAE Grd e 80W90 80W90 v iscasits ;t" luo V ~ St 1
>.61) Viscos;tv Index 156 B ot ticl'd Visccrsit4 at

- 401@) copfiparaliSe Pk of SABAADOS0 Ysolubticanlsdvdvk siogitadyto &t made
E:Z Smshiézzf;ﬁsa%lc bgs}c D-;Ilg- *952195@5 i:n_z%\'-_ax_jggt_S_.v'_I’ﬁé formulations 0?8‘%'[& cga(%llpglfmive

C: i @aRabii@nGléhdd aré 38nBurized in Table IX,
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‘Table IX
Compenent, Wide Comp. Comp.
GEARN GEARP
SAE Grade " FSwoo  [swen
| Gear Lubricant Additive Package with 50,0 50.0 B
S/P EP Gear Lubricant Additive
FT-4.3 26.7 18.7
FT-8 ' 23.3 34.6
Total . 1000 100.0
| Total W% of gear lubricant having: | 267 187

<106 wit%es aromatics, > 20 wi¥ total
motecules with eycloparatinic
functionality, and a ratio of molecules
with movocycloparaffinic functipnality

o molecules with multicyeloparattinic

tunctionality > 12




"1\ e (JOG/ x B) 7 8 . 3783.3) Because neith:r of
these blend acl-iUcY.' 'cd :r nia; ztaauun of 150 000 eP
WO 260748065 they did 10 not. n ee.t the spit .ar¢DUBI007/066095
for 75" 90 g :air iubricLantus. |;~steaid, they were
80WO90 oc d iaricanta.Althoug'i-r both tit coinpar

tve geil't!:>t~at7ts in Table X were rt;.ade ar dnt

the. saint bas oils as the blends n F~;." ple 5, and

had simlar Nola vkc-osi,,,,, indext5, tiie_ydid not
hase the excellent | ow Brookfield Ratio of the

Hr cflerraorsionetihese bive Fompacadive gear fubriFaft Alegdy sy gwpingn Table X.
Note that both of these- conparative bier s

c.ontaineda 15 hi-her - rnotrrit of base oil (greater
:Bran 22 ,1 . , :A 1-7-8) hawiieg- {a et :,antial
nupber— ef—ear—bgn-ato f-ts;—tass-than--Ott w--X%tot al
o] BEPBS with c |opariili ni cC‘f‘%(’Ff\E%*AIQOP\'}? and a
ratio of n :olectale.s v thinioraot clo Qj@{@in]c 1' M
i op_al?i ' _to. molecules with natalti ct' alal._ - i ;cC
li amtuztii‘&G\E(BIaﬁé it ? | ess t harbO¥25¢F1" - 88&}./ e I 603 , er
VI han he—ot-her '"‘" ot-s—ta o y ——thi s
U ORTERe. '@8% 55‘ VO 2007/ 118768 PCT/ US2 367’76066095 5
Exatpl&i/mhcbase coil vas pricgs. i ed by Hudw

\ operiiationduvax 150.1-ni x_of lem 160
petB@kkW(thafS@ﬂdf*“ﬁf c@nd NDGTe% Minger o8 Fe- pased
e P Ty L i S el BRRy P ot

"and fracti onatied by vacuum é%{ﬁl |l ation.

a

hydr

10} dodiPsini, Fat e fracti on was| -gel ect ed having the

pr nm_floc desecri-bed--i-n—21-abl.e- Xl Tabl.e,—X
S S .- -- San pIe}Fr%ﬁ)ertles FT-7 6

" FBigokfad Rafio © C 0 0 - '81'84 IscoSijtysat 100y C

csi_ /. X97 VI scosHv Index 162 t ..... ) - - -

f 1 psirs okt ”“t” C-1, ToPzll MEIE jrc \pEsxssties
0. 0168 — —

=00

Becanse nether of these blends achieved amaxrimum of 150,000 ¢P gt ~40°C, they did
10 not meet the speeifications for 75W-90 gear lubricants. Tustead, they were 80W-920
gear lubricants, Although both the comparative gear lubricants in Table X were made
using the same base oils as the blends in Example 5, and had similar high viscosity
indexes, they did not have the éxeellent low Brookfield Ratio of the preferred gear
lubricants of this invention. Note that botl: of these comparative blends contained a

15 higher amount of base oil (greater than 22 wi¥e of FT-8) having: a sequeniial munber
of carbon atoms, less than 40 wi%s twial molecules with eycloparaflinic functionality,
and a ratic of molecules with monocyeloparaffinic funciionality to molecules with
multicycloparaffinic fonetionality less than 12, FT-8 had a fower Vi than some of the

other base oils nzefirl in this-invention.



w,"", Qeilll. 0.0 FINIS} WhoAl kanes 58. 3
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Do Traction Ci ent at 1 f, cSt
:0.021 -55 WD 2007/118165 PCT/ US2007/ 066095 5 FT-7,6
§s BramglMle 7rizplc O a base oil nmade tironi a waxy teed
lmving a VI greater than an anount defined by the
equation: VI 28 1 Ln(Kinematic Viscosity,- at 100
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Table XI

gyade aut onot i ve gear
¥0 Fnesgit 7 wax.dédeai | ed

l(étbg hét?ggllrdégulltdtwn

G

Saniple Prbpeﬁies FT7.6
| Viscosity at 100°C, ¢St 7597
Viscosity Index 182 i
Pour Point, °C SE
Total Wt % Aromatics co168
W% Olefing ) 0.0
FIMS, W%
Alkanes 583
i-Unsaturations 34.4
2= to 6~ Unsaturations 73
Total 106.0
Total wi% Molecules with 41.7
Cycloparaffinic Functionality
Ratio of Monoeycloparaffins to | 4,7
Multievcloparaffing
Dxidator BN Jhows 45.42
X in the equation: V1= 28 x Ln(VIS100) | 1052
X
Traction Cosfficient a1 15 ¢St <0.021 i

L



R L - SAE Grade 75W 90
75W90 75W90 (,ear Lubricant ':96 -7,96 Add i ;| e

wao.2oeisges with Na-13or ite E Additive . W. ... PCT/US2007/066095
--------------- - - PAO6 c.St s 61.7 G(~ P10
1100 eSt '3 21()6 0 ---- -.. .-- [} t} . Ctgo Bright
So 10 150 PT--7.6 0 6. 9x8 39.99 'T' otal 100.0
100.0 15 ail-"Dfilmtlri I,n was obtained with an
;O 11TIH. UItra Thi n Fi ber Measurer .crit S~stei
ttorrl.P(:' tiuirrents, LTD. l\/basuel u.n is wore

Fadii4ie uigng@np{gtu,t b Pese 01}_\1:&!5 Impj}oi WS t«.&ddxgq_lgw ATh! greater than an
di a [ b AEA; 841 7g, s SO 1 108
r ot gﬁlﬁlg{%@& hk @%a(ﬁqlg& v tgr aﬂns{,}ﬁg"rc {leng(!\}ém[J ﬁ@%&ﬁ D°C)+ 105. It
spalmelmfsaxbm\he»rﬁ{um{zdomrwmhl ck] and sem--re lective
LhT( ,mumla ..er. | ii : luau on th,f " xt' [|..lJsi
Nvas 20t' resulti ng in an estinmated aver age 20 ¢
nnt Tiske iﬂtﬁbl‘cﬂﬁﬁuﬁi oﬂnéﬁﬁﬁmd@%@ﬁﬂ’e AR XN GRAL A& ded with
stress of 0. 50~0 CPa, The gl ass el i'sk was rotated at '3
**Qnat dthey %ETatﬁ L&t%lpﬂii gexuprier o wilefA Q. O tomdntives eldthess three
e stee ha Pfmthi ckness i eisor neats e e
|-VI , cd'" on uItrathl n film |rmterfcrorretr % tusirm=
Waite light . "fh .. opti ca* A J( t hi ckness val ares
zwere. converted to real fi14"tlaicl val.ues f'rutn
t he refhypbine;wisd ndi ce&gg{ t he| oi k3:qa5: measurgdalpy a
conventional A He rne Iractorret er at 120 C.j 10 Tabl e

TMTH: - - - aao- . .GEARQ
SAE Grade 75W-90 75W-90 TSW-90
Gear Lubricant 756 7.96 786
Additive Package

with Na-Rorate EP

Crear Additive

PAO - 6cSt 61.74 o 0
PAD- 100 ¢St 30,30 24.06 0
Citgo Bright Stock 0 0 52.08
150

FT-7.6 | 0 - 6798 39.99
Total 1000|1000 106.0

15 EHD film thickness data was obtained with an EHL Ultra Thin Filmr Measurernent
System from PCS Instruments, LTD. Measurements were made at 120°C, utiizing a
polished 19 mm diameter ball (SAE AISI 52100 steel) freely rotating on-a flat glass
disk coated with transparent silica spacer layer [=500mm thick] and semi-reflective
chromium layer. The load on the ball/disk was 20N resulting in an estimated average

20 contact siress 0f 0.333 GPa and a maximum contact stress of 0,500 GPa. The plass

disk was rofated at 3 meters/sec at a slide to oll ratio of zerp percent with respect to

LA
)



Gear Lubricant Conmp ail,,,")- lit GE RR GEART Popert
es Viscosity at 100T, 14.26 14.27 14.24 <cSt El sity

WO pees1816yY 160 1 "'? h Al) Film 123,6 127:9 1PQL/US2007/066095
11l Mows", , "111-1 1,,e 12QCud-; 1111S- -
.............. Note that the addition of the FT-7,6
base oil inproved the iilrr: of the autonotive gear
| ubricants conpared to the blend having only .PA D, 15
Exanple Three base oils that had | ow tracti;
coefficients in:irle accordiiig to the teachln s in
applhestptbsll Bl thickpesparamenapls Vet boorborar Eatbin in

pool TR D Gon iR SR8 ARG (P g Efodyerea o

, ?teR DN LIgBIRA QRS fromBfle bhaaty d irtfided of thd Gilavermeeasured by a

| d: | ase ~=:c .tlni-1 | 1, 6,

£l ebPvisica Wﬁﬁgd%ﬁ‘s‘m‘q;ﬁ? ‘. WD 2007/ 118165

PCT/ US2007/ 066095 5 1 iih [V - S irnIIIe Properties
7"T'-7-95 FT- 14 FF 16 -- - - - - - --------o-o-- - -

------ - - Visco, it; atbem‘@Ic c.St 7,95 1' .99

bGPl B, GEART BT M ARR T T GEART
Propetties }
Viscosity at 100°C, 14.26 | 1427 14.24
¢St v
Viscosity Index 1587 {60 | 122
EHD Film | 1236 127.9 148.2
Thickness, nm @
120°C.and 3m/s.

Note that the addition of the FT-7.6 base il improved the film thickness of the

automotive gear lubricants compared to the blend having only PAQ,

15

Example ¥

Three base oils that had low traction coefficients made according to the teachings in
applicants” earlier patent applications are shown in Table XTIV, FT-7.95 was disclosed

20 in U.S. Patent Publication 20050133408 and U.8, Patent Publication 20050241990,
FT-14 and FT-16 were disclosed in U.S. Patent Application 11/296,636, filed
December 7, 2005,



A I"'MD®63 52 :S NN1?T'T (w,/0), '"F 5 919 1045 1072
Total I+t "." | :ti t oinaties 0-0058 0,0414 ------
WO 2007/118165 - - - - - - - ;yla''zA etin <0-5 3.17 0. 1?7PCT/p9200B066095
W% 1 11n ~t?1c” _fi?T?S >10 40.2 38;1 2- to 6-
U -tsatura tions ! <2. 0.8 0.L =------------ --------
- ---38. 4 io M-I cults with [ }rdoprtral linic >10
3 1.83 Functionality ------- - ---- Ratio of
Monocyci oparattins to >5 463 95 is cl ?parahn

1G

Oxtdat or BN, Hours Not tested 18.89

L R I I R
----------------- X in thg.eayation' V1 = 28 X.
LndVIS 1l,s) + X 106.9 $ 70-5 - ----- - Alkvl-bianchss_
pen | cﬁmhmnPeréM&sS b \ MR | 1FB.7¥3 9,41 TFi-14 f FT-16
!’TitCon |-}--<at 1 G- S0 0 A U101 .
_________ ’_ls_comty_at_‘i A0°CoeSt. __ 417983 0T 1589 16.48
----------- Vizcoswy dady VIR Br anch| ng gkl 1t |? |, fisfnde 143
22.0.21.018 21. 72 Proximty 2,49 24 01 19.07 ;' Oe
that m tbuPa®TPaip,96 , FT- 14, ndr FF2 6 had t*8 ¢ -i6
o< 30 Tropspf—atracti-onCociitriCrty
Iessﬂg{%b&gé !’T%Wﬁy 13 t o Boiling poif iit AS
"ivl D 6"353 0 greater than 582" o€9(10|of one of 1072
the enbodi nents of this iiiv' ontjion.
Total Wit % Aromatics 0.0058 0.0414
Wi% Olefins <05 317 0.12
FIMS, W%
1-Unsaturations >10 46.2 381
2~ to 6- Unsaturations <2 0.8 .4
Total Muolecules with Cycloparaffinic >10 37.83 384
Functionality
B Ratio of Mnnocyclopaﬁﬁ‘ﬁns”te »5 456.3 9%
Multicyeloparafting
~ Oxidator BN, Hours Not tested 18.89 42.9
X in the equation: VI=28x Ln(V ISIDD) +X 106.9 83 70.5
Aiky‘lvbiﬁnches per 100 carbon atoms, by NMR 7.91 838 9.41
Traction Coefficient at 15 ¢St 0.017 0.0135 <0.021
TTC13NMR Branching
Branching Index 22.68 21.08 2172
Branching Proximity 23.49 24.01 19.07

Note that neither F1-7.95 ; FT-14, nor FT-16 had the preferred combination of a
traction coefficient less than 0.011 and a 50 wi%6 boiling point by ASTM D 6353

greater than 582°C (1080°F) of one of the erobodiments of this invention.
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58 WO 2007/118165 PCT/ US2007/ 066095 5 Al of the i
ublication.s, patents and patent n ,piicaa ons cited
WO p0o7bis65 appl i cati on are herein incorpurXxitedP®@I/US2007/066095
reference in tlrmr ent cL to the sane C & nt as if
the. disclosure nr each individual puiblication,
patt:nt application or patent was specifically and
irdivic'Lia?l " { ndicated to be incorporated by
reference inits entirety, 10 Many nodifications of
t he exenpl ary enbodi nrents of the invention disclosed
abowd of fielrkbleateis| yriobcud prentrhpsetiskiciipdid thinapfieatgmtare
;A‘ﬁg ezle i ugcogﬁ( lmtnglau} +f¥r%mr%tth 1h%ﬂ'(§: étCE\ gu qﬁ‘%gfét}?‘3t|&f ﬂ.\hﬁt ﬁhibcr%osm\.
t hOHS@Lh mplmfudt hilicadppeadedhppliaiio®or ;ﬁ&nV@aQ@%ﬁ&iﬁLﬁ5
PCT[ QO?]O 609 5 WHAT IS CL DIS. |I. A gear
IubFﬁ‘%ﬁFﬂ’ﬂ wgﬂﬁgmnh<“g?gawg fPHaWiﬁﬁnmﬁﬁbbased on
the total it Iubrlcant of a first base it having: 10
,éi { a sequential i unber of carbon atoms, (iii lr ~zs
{apy godiiicgions ¢f thagyicawlarngrelydanenisd the. 12@11110@(113“@%@(1 above

tOt ak ng& ﬁ%%&%m\}é% Ezﬁ e § é@s}@f@ﬁsm{ha& i YnNEkEgnald 4.

n ocHistriitlias prebiiag il Isirgunec huthetthod-tina lfal bwitkio thekBope of the
nnlecule th multicycloparaffinic unctionanityr
greﬂ?%?“?ﬁg%n“lz h. 1 than 22 (% based oni he total
gear lubricant ofa second base oil having: (i) e
segl uenti al nunber of carbon atonms, 20 (1i) leis that
O wt% total rhole.ulu v},itl cycloparaifinc
functionalit;, (111) a ratio of nioleculcs with
nonocycl oparaffinic functionality to nolecules tt'is~
mul ticycioparaffinic functionality less than 12, 25
C, a pour point depressant’



d. an EP gear lubricant additive; and e. |Ics than 10
Lyk' o based on the total gear It bric mof a osco:Siiy
WO pes18180 i nprover; wherein the gear | ubri caneCHES2001/066095

it a.kinematic viscosity at 100t ?C greater tha:in 10

USt. and ti: i a Brookfield Ratio | ess than an anount
defined by the Brookfield Ratio =- 613 x e(-0,07 x
ard wherein J3 i.ai:, -40 when the gear lubricant is,

an SAE 75W X, 3 equals - 2 b' -when -60 WO

2007/ 118165 PCT/ US2007/ 066095 5 the ;par lubricant is
%n - g8 GLAIMED I$ad F~ equal s - 12 when the gear
l[iibrt :t r. is an SAE 85WSEX. ''. The Sear |ubricant
of bl aigmilubrrakierogipnisinke gear |1tllric,;:1t. conprises
nore than 30 -eight percent,, based on the total gear

| ubricant, of the first base oil. 10 . The gear
| ubri ganteatt ihalh &b Mk basshen Gicnotheaf lubsdan EsgiQibhsd &} having:
made froma waxy f ex ., 4. The gear |ubricant of

%1 ai m i o- ei ntif het syuntialepumber qheaboRpaBH.- Tr opseh de. t
is ed. 15 5 1 ThesGan ¢ dﬁu&p i&@ﬁgtlc‘%f claim 2.
conpri sing greater than % of the first base oil. 6.
f he gear | ubtl cyaﬁttucﬁfdnclﬁaﬂ?ﬁtmt’ﬁ mglnpﬁ@ras»mﬁgc}iu@ssgiftmat)
18 of tl e secon{zt‘iml?}melm | . ". he gear i 7rieant
of claim1; wherefn the ' st base oi | additionallyhaa
a VI 2.0 gredteradiihoffioldtdids varouiioc d@dgangthic ﬁhﬁc*ﬁsh@xlmm
e(luat.iomi; VI - ’i‘ st <t 100,) . -1.95, The
Year Iubricant oP°ER mvﬂzthWe%m&r@ﬁ@wrﬁv?@wnﬁa%éﬂéﬁur than
addi tioaal l'y hasja traction coefh4.i et I't less than
0021 when neasured at a kinematic 1L;r' of 15 ¢St and
at 2,5 a slide toroll ratio of 40 percent. 9. 1 he
gelalr " Bw { mptf‘ Jlg] bgf»cdl?nnmé.a#% ue%h'éu?mtegg% a%ecunii bf&u%.llmww:
Ere ater tham lafdep@Stial nd@bdiht cdiben geag, 1 tuf rig =an.

0l claim1, the g ga}glubr canLIea an EI'l]l) film

24 hi ckne~; s gFBat'EF WRAN M IEORARBER @t‘é‘?%"‘\‘i\ﬁéﬁ“%@éﬁsur ed
at 12E7° . . rEgBLegties; 11. 1'lie, teal |
ubricart of ciaiml, addltl onal | y cotrtpra5|tr t.il a

to 15 ~Xo based qmtm of niolecules with monocycloparaffinic functionality ta

miolecules with multicycloparatfinic funetionality less than 12

|
1621
t"'\

& pour-polnt depressant;

d. an EP gear lubricant additive; and

less than 10 wi%s based on the total gear lubricant of a viscosily index

e

ki improver; wherein the gear lubricant has:
{1} akinematic viscosity at 1000C greater than 10 ¢St, and
(i1} a Brookfield Ratio less than an amount defined by the equation:
Brookfield Ratio = 613 x o(-0.07 x B} ; and wherein B equals -4
when the gear Inbricant ixan SAE 75W-XX, f equals <26 when

&

- &6 -



the total gear lubricant of a pour point depressing b
Ise oil blending conmponent WO 2007/ 118165

weEa/UEeD 7/ 066095 5 that is an i soneri zed PCT/US2007/066095

Fi scher-"1"rnpsch derived, or petrol eum derived,
bottons product: 1 A fear lubricant, conprising: a:
greaten than 10 wt % based on the total gear |ubricant
of a f:sL base oil.. made 10 trorn a first waxy,
feed, having less than 0.06 wt".r% aromatics and a Sri
~Cc ity index real t than an ~araTount defined by t e

&g anon: | = 2 thke keaf iblipant istanSAEROW-XX, aMil § cpsilt 3y 2 athen the

100"C) + 107; b. less.than 22 '.t%pbased on th - :n4,;
‘u guar Iubricaﬁ?d%"r?%‘ﬁf?gAﬁéa%R%g“fron1a second
,,vaxy feed, havin |less than OA wt % aronmatics and a
visgogity i ndex | ess than an anmount defined by tlLe
eq~t atl Ppipar \pricanbxyg clagm |1 gwvhgpip thedyepr Iyprecam\gogpgagsiyorg than 30
1000) P-‘:&i%@ﬁj@@&ﬂ@bé{%@%&ﬂ {Re 'LC{HI a@,@ﬁ%b?i%?uad\f ﬂ_&l firg st‘, &h 20 d.

frri :IT 1T czar | ubracan ~C,.. .t 4r Ticr~ ift t

1® heir lubric n has: (1) a gear lubricant kinematic

viscosity at LOOC greater. than 1.0 eSt,. and (iitl a, .
e Sont el PR R e it ke PRk Py kB feea
equation: 25 Brookfield Ratio ~ 13 x e~"v and wherein
"3 equals -40 when the gear lubricant ? "~f KX .
equal $he geaclupricapt ofglai 8. Whaapin thy wegy feed is Fisches Trppapiiglodped.
equals -1 .115 url Z3bn aa, ?a~? hc~5vV d' -XX. 30 1 he
geai'l~_,btlcnmt & claim12, v,-herein the first and

157: ~Rodbk geaxibbricapadslaim £; confprising glveics (hifn dDwWPS ©f the first base oil.

derived. gear l|ubricant of claim'1l2, wherein the
first waxy feed is Fischer-ropsch 14. The 62 WO
2004/ THB846bREhAUS2 0 /| 08BOP8ing less than 18 wi% of the second base oil.,

. The gear lubricant of claini 1, wherein the first base oil additionally has a VI

s

20 greater than an amount defined by the equation: Vi =28 x La(Kinematic

el

o

Viscosity al 100°Cy + 98,

8. The gear lubricant of claim 1, wherein the first base oil additionally has a traction
coefficient less than 0.021 when measured at a kKinematic viscosity of 15 ¢St and at

a shde to roll ratio of 40 percent.

9. The gear lubricant of ¢laim 1, wherein the gear tubricant has a kinematic viscosity

at 100°C greater than 13 oSt

30 10, The gear lubricant of claim 1, wherein the gear lubricant has an BHD film

thickness greater than 123 nanometers when measured at 120°C and 3 meters/sec.

1. The gear tubwicant of claim 1, additionally comprising 0.05 1o 15 wi(% based on

the total gear lubricant of @ pour point depressing base oil blending component

-51 -



5 15. The ;cai lubricant oi. ;aini 12 , wherein the
gear lubricant kinematic viscosity at 100C is
w@e@attesishan 13 cSt. i O T n T,ur,t |16. The gREK/US2007/066095
| ubricant cf clarr~ 1~1, ~~rlai:r'~it the wear
| ubricant kinematic viscosity at 110" Cis greater
than 20 cSt. 10 1 7. "1'he dear |ilbricaxrt at clan g
12 additionally L~rrtprising 0.05 to 15 wt % pour poi nt
depressing ba c oil blending conponent that is an
i sulnerized Fischer- Trop.sch derived, or petroleum
Sder i vibul,is postrorrgedFiodhaet Topsd degvedrpi uglsam derivelp potioas
of claim 12, ' hcrci:n the gear lubricant has an F141)
filn1mPﬁ%Ckness greater than 125 naxnoneters when
.measured at 120( and neters/sec. 19 , , gar
Iubrlcant having Z t3rooklield 1<atiu | ss than .in

S&FFf‘HEWWﬁéﬂn%V“P%e equation: [ atio = 613 x

g XXl than B d{%‘@ﬁﬁ@bx‘ﬂib@%’btﬁ%@@'I@ermWB it 8as® @il fuade
1 Chrlculll is all SAE ual s -26 sshcn tiw

0scar | uliomot first, waxp deedrhaSink lessr KRE »ﬂaﬁscmscﬁe@; p viscogny

\Qgte\r) t gzndgegteaathz Pr &3 rﬁ%)hts(fc%nerﬁﬁghg Qd;il agn:;xnégngzg X I‘%(%\mmm atic
dlstlIlaﬁﬁoﬁnsmhﬂfcﬂ¥em50 a 25 [ -lse G| characterize
1ti 1lakm, i# >icti t sits bctsseen 2,5 and 8 t
CSl i 100CC; (ii) at least about 10 r-}L." ¢, of [°
mol ecyl gs maa{afngzv 9%& o B A kil b QubthhiGlri: QR b oﬁnﬁiad»
(iii) 1 ratio of -ei percent nol ecul es with rnonac;

15 a cmi fioh hgpand vayn gft»ﬁd\ﬂalﬂi«ﬁv* thayy 006 bé‘?’ﬂc‘éﬁlﬁqt'éﬁ‘ and a viscosity
?Blnif Iljloﬁndl% f\ﬁ% htnnm n?tfuﬂl *#* \lxe%bv tgb:,%aﬁr gxf f\é Jljg \ 1 n{Kinematic
>0, t' WﬁdﬁoﬁnpmuﬂwppfmﬁzdepreSS|ng bast . 0|I bIendlng
conponent prepared lion anisorm | _,J hnttoins
pmloci having an avertage d ' ree of branching inthe

ol ecul §$0RE1:38 08 ess@ny ahd_Mut s and about 9 al kyl
hranLhes 'per 100 carbon atomns; and 6-

20
d. an EP gear lubricant additive; wherein the gear lubricant has:
(i) a gear lubricant kinematic viscosity at 100°C greater than 10
o8t and
(i) a Brookfield Ratio less than an amount defined by the equation:
25 Rrookfield Ratio = 613 x "7 and wherein £ equals 40

when the gear lubricant is a SAE 75W-XX, i equals -26 when
the gear lubricant is a SAE BOW-XX, and |} cquals -12 when

the gear fubricant is a SAE §5W-XX.

30 13, The gear lubricant of claim 12, wherein the first and second waxy feeds are

Fischer-Tropsch derived.

14. The gear Tubricant of claim 12, wherein the {irst waxy feed is Fischer-Tropsch

derived.



WD 2007/ 118165 PCT/ US2007/ 066095 5 c. between 2.5 to

30 Wt % of an EP gear laubric,-i additive. 20, The near
WO 2mbnis1ent ofclaidri 9; "'herein the pour poiPET/US2007/066095

depressilig | asp. oil blending conmponent has not

nore than 10 wt % boi |l i ng bel ow about 9¢c_ 0'T, 10 21.

Th gear l|ubricant of claim 19, wherein the geu

| ubri cant has a kinematic viseosily at | 00' C greater

than 10 eSt. 22. The ear hihriee cat of claim

21, wherein the dear lubricant has a ki i i,tat ¢ \ts
6c51p vTHetge!arimhfrEamt@f clnlrail, vhBreaShe gdblubri@nd kinamaticgésosity at

Iubriﬁ@g};{ of cmak 9@, wherei n the base oil. has at

| east "HBoliEBFT W86 dF th nol ecul es hayi ng

ycI opar:-affiiiic ["itnctioilatit:tr 24. The gear |

hi'icant .at clainn 1.9, r here the base oil has a

r atlPol wrzcoidivy hﬁl"p?éﬂé@hi“‘ sohorefthe £330 ARy Kpgmase vigeopity at

perce 5 ul, t11.J11~d, 1t * {'| )t?6t1'T

i gk”ﬂ@é“%?* %?Lwlll’?l CCJtt'.' Fhan 12. . The

wr ’?ew | ubri cant of cI a| m 19; V hCr ean the gear

| ub ﬁﬁaé*ﬁfr a%pcgrln Ui? @1 i%,‘ &%é%%%qg tép(\ém}]%%%gj (ngt%ggt\ﬁ‘&spam point
pr oce{ﬁi%“tfs;’elﬁ(’ PRk NG @lige@mpbhint that @'sh GEmBHZedGQIPELTLRGH

; selecting a base oil., nade froma waxy feed,
havi niprived, pr peeEupHlsRve bgmsprgduet aror atlcs, 3D
(ii) Brea;cr tl?an 20 t''_ lard nolecules with

cyelopa-raffin r functionality, and (ill) a ratio of
15mol iésri‘lteL;Desr lVlblﬁdﬂWi offi olixiro g,%‘ n',}’;girl th@ gaur afoficait bayf ftni H !ﬁ} film

tic: R 0l,e¢ thige w
I C. fﬁi’?}ﬁ]ﬁbbi“’ LalFrl_th n] ng;x&on&wg? V\\%‘eiilﬁfaﬁu“*iit g o dam 411%&5
2007/ 118165 PCT/ U82007/ 066095 5 b. blendirid”. the

base oil wth
19, A gear lubricant having a Brookfield Ratio less than an amount detined by the

G878 and wherein B equals ~40 when the

equation: Breokfield Ratio =613 x ¢
20 cear lubricant is.an SAE 75W-XX, Bequals ~26 when the gear lubricant is an SAE
ROW-XX, and B equals -12 when the gear lubricant 18 an SAE §5W-XX,

comprising:

a. between 10 and 95 wi% of a hydroisomerized distillate Fischer-Tropsch
25 derived hase oil characterized by (D) a kincmatic viscosity between 2,5 and 8

oSt at 100°C, (i) at least about 10 wiYo of the molecules having
cveloparatfinie functionality, and (il) a ratic of weight percent molecules with
manocycioparaliinic functionality to weight percent of molecudes with
multicycloparafiinic fonctionality greater thay 3

b, 0.05t0 15 wie of a pour point depressing base oil blending component
prepared from an isomerized botloms product having an average degree of
branching in the molecules between abont § and about 9 alkyl-branches per

100 carbon atoms; and

1

o)

[7%]
)



(I an E13 gear lubricant additive. (ii) a pnilr ~
?t1t or csc lilt, and (iii' 'less than 10 xNi" -."),

whamedisiss t he total gear " Iti of a Viscosity PEIES2007/066095

5

10

15

20

25

30

iniprov i-i to produce a itearlubricant; 4vh reed the
gear 10 hibric ant a ~h eenlatie 'hscoti.ty at 1UCoC
greater than 10, cSt., and a ratio of 13 of ~ k Held
v'i;cotiit in cp, reaswd at terripCrature f3 in o(l
to the taiiciliatic viscosity at 1000C | ess than an
amount letiil by tli equation: 3te>1|.r.:1 | Ratio= 6
1 ti © 3beatiReoviee éf Wil cdgubl seard@rigenddities. gear

| ubricant is an SAE 15 75W XX, 13 equal s -26 when the
gear lubricant is an SAE SO¥ XX, and 13 equals -12
whéin theegeatridanbyd cipant 9.iveheadn G pEurISIM dopeRifg hldheil
process of claim?26, additionally includin blending
Phe BROETBETMGEH 13 BGTor 56" Sbi P liehPckPhg: Bade
oi | bl endi ng conmponent nmade froman isorexiis d
bottons product. 28. The pi'ni;ess of ciairi 26, cone
i Pt Thejgoqr dipicans g ¢l Warderepithe geaplBbricapihes atkismatic
based; oty he1 ot BleaGPud lg gher icant, L.:2 Lt

vi scosity i ndex inprover, g9, The process of cf
eenprising Vending the base oil ~. vitl2 less than 0.5

w % -.Based.on tl..e tqgtal car lubricant, of a .
Vi é%-&é%s‘ﬁ‘ b Phifiavar hefiie fig Pacebs okt
' 26, visebsld «l100°C grehier @t i xcs0f nol ecules with inonoc,
clop.ii' ini 30 functionality to nolecules with i
3:L.it; ; lopata'tfiiai ttineticnalit r is greater s

habt 12 Q'eaz' Gt }0: 8P Qz{nlil),s 103.RGl ]DLPJI§.2(91 pg{b@@@@? §b ‘ u% 2-:?)? 1\"&% of
The procCess cal c i tilt 6, ~. ‘herein tlae };.$ ,ie

ni | Wasnelewils haviad twldpaddinigivedteedity.han al | anount
defined by the equation: VI = 23 ;, Ln(Kinemati ;

Vi scosity atl00C) + 95,

24, The gear lubricant of claim 19, where the base oil has a ratio of weight percent
molecules with monocycloparaffinic functionality to weight percent of molecules

with multicycloparaflinic functionality greater than 12

25, The gear lubricant of claim 19, wherein the gear lubricant has an BHL film

thickness greater than 125 vanvmeters when measured at 120°C and 3 micters/sec.
26. A process for making a gear lubricant, comprising:

& selecting a base oil, made from a waxy feed, having:
(i} lessthan 0.06 wi% aromatics,
(i) greater than 20 wi% total molecules with cycloparaffinic
functionality, and
(1) ‘aratio of molecules with monocycloparaffinic functionality to
molecules with multicycloparaffinic functionality greater than

¥2; and



?2. The process of claim26. wherein the bl ending
i ncorporates greater than | O'%t o, 10 based on the
W@ 2aoaftidiehri cant, of the base oil into the geaPCT/US2007/066095
lc:ibric aJt. 33. "I "he process of cic in 26,
additionally conprising incorporating loss tlt -:-=
Xvi. u, based on the total gear Iubrl cant, o a second
base oil into the gear |rahr~icar mm wherein the
second base oil has: 15 a. a sequential m aiberof
carbon atons, b. less than 40 c t%total nolecules
Swi t h evbleopng thekiseiofl Wik Cuoctionalityr 20 ¢. "ti ratio
of Mol ecul es, Wi th a,( ) f ~ . raflinlC
functional i t&/ t aﬁﬁioﬁ%m ﬁadwm ﬁi"hlk ‘ataul tieycl oo?rat-t.
nrc iuncti ongili tq;jgoas;smhloapmsmh apkl. 34 "I he pr oi : es~
nt cairn 2' j cludln 14i1 7't
JtiL ]]1 in @ hyd’ﬁ%ﬂag Fl’é‘éﬁ‘r Prged ‘2‘% the m‘ i€ Fa“lfﬂ‘b‘%ft‘sﬁff&’”m“‘“
ions pta't Ilect q&leﬂu@pr@bn)té’@&@u& al-g,e&qmﬂ‘iuanth@&r@ﬁ tiu?éc%r
than Os ~<.;f/'o0 25 o01iins, 35. Ap ess f
t0gear lubric :n. ’iﬂbfa’ml g Elﬁ@g“ﬂa mssxwﬂra'lf OofC, hfméh:ﬁlrl(&mbi
2 ) L oeg b e pfodikeed OUP HEGHR o berate

than an ai novvhnt

I~ 1! inrair W 3331@3}(13015& Lmd:t@]c@}s).dsttb (&} 4000l les@h&&ﬂﬂd&zﬁ@mum
the base oil with: i) liil ra-a

additive, 66 V@EQWWH;BLFGS“W%?‘S@??WGG@S % GLGO7 )
pour point depr gg ] (11"4@( i '58h @R
pt.r . r, t. h §@»@Emn‘9} ﬂqu uiLt_?ﬁl?c?/cgr LHUBT}%lC&nt 2
15%a viscosity i ncFe\\L\D\na epradn-2H v«lhm mbgdmch@m‘mtmalrSAE ROW-
| ubri cant; wher nt has a . ...
ki nematic vi scog}\i‘y‘“fg q‘%gi‘)d%“B‘F*éQ‘l‘*e’F“rt!ﬁliiﬁ"mtﬁ)drb%'%‘;;’ BSW-
and a ratio of Bggokfield viscosity in cP, nmeasured at
10 tenaperataare 1 in oCto the kinematic visc ?_'.y
at | QNIess than an ampunt defined by the equation;

1 ‘ . ; =Tl NN :
0;7 'Hm pz DOER: % L.\%u f'g*:?%?’ﬁgl\l“g'é é,!g, L?Jgrﬁﬁalhéigrﬁéﬁpgbam !’Tﬁ:’ (w?llh a%our

fi "egv

20 poml depressing base oil blending component made from an isomerized bottoms
prodact,

28. The process of claim 26, comprising blending the base oil with less than § wi%,

based on the total gear lubricant, of a viscosity index tmprover,

29, The process of claim 28, comprising blending the base oil with fess than 0.5 wi%,

based on the total gear tubricant, of a viscosily index improver.

30. The process of claim 26, wherein the ratio of molecules with monoeycloparaffinie
30 tunctionatity to melecules with multicyeloparatfinic functionality is greater than

20.



is a SAE 751Y-X ., i; equals -26 when the gear
lubricant is a SAE SOMXX, and equals -12 when the
w@ear/1181bhaacant ie a 15 SAE 8S1 -; , 6. The prPODESHOTO66095
claim 35, wherein the waxy feed is ; isclaer-Tr' opseh
derived. 37, The process of L 1 urn 35, wher.rta the
gear |uhucam conp' tscs grcater than 12 20 wei ht
per CIlAt, <iseci on tai to, ,al cai $lahnc ar $. of
the basc oil. -18-The process of claim35,, conpri ;ii
‘?, Mng Nbati" o wth less than Sw'' {), based on
5t hed it Bireatroqgesert clajn: Ag.ivehardin the fase oilgas ¢ vipsily index gradendhan an
ljrgggéﬁﬁ%l’n% ﬁe&_ﬁngiblljhge?ddm‘}q '\%'*Sjbakin(lgglr@%aml v ﬁm%gx at 100 Cy+
io:) ¥ass o 1", ending connoncnt prepaf sd horn an i
t71 .1 bottonB product having. an average degrcc of
branchlng in the nol ecul es Fbttween about S ai i,-!
M 3aliie Roces AP RIADE RERdRAChe $1c@@ng Rlod0RtE WA B8 40w12%
A nmethod for red acing a Brookfield Ratio of ,i gear
10 ubr i gt orrle Torrg 2er KibReamatal g1e b@%“»‘s@dﬁi’i‘ﬂ?& ger ppgeagt.
greater than 10 cSt, conp isin:: adding OMto 15 ,
i... f a total gear | ubricant of a pour poi nt
deptetisi pgrehad’ s b, dgllitignadly nofmptarg m{o_p@emiv leaiqeva H?ng%,
a po g nthgt eas&¥y%e degr ees F g ? an a
ol nt PBfA &b toigh REAF lubriciig o ey psr gl anie haest dPripa
pr esenterkin ikhec@@8iscloulrd:cant; where n th Ero: t,i;
ld Ratio -67 WD 2007/118165 PCT/ U82007/ 066095 5 is a
Hratio of 11k & (.)Y;t;4fd viticn~: i ti' of time s?rar
| ubrica . ord a tenperature [l in C
to a lﬁl Eté?r(%??[@?{lulg{%rogﬁa&%gtﬁ%g’ of the gear
| ubricant |ess than an armunt defi neJdi by the
equat| 0 .
ere nﬂf’?ﬁ%ﬁg‘gp oa 6]0\?%fdi %ﬂm VLJO&J;HI%?I& iulnf DSIIW | nt
|s an SI\I|~ 75WX - X (3 equal s -26 when the gear
| ubricant is an SAE OW XX, and 13 equals -12) w Then
20t he gear ™0 A uBrCEEntIH §oBgEy SARrg B XonctignalinyTHen Hestiss ayith
of clai uﬁ%’s«.l& {11'115 tﬂxgmﬁgtg VQ(QQOQ{%\ABGH 0.5 to 10 (% of
the tow gear |ubricant of the pour point base oil
bl endi ng conponenlt. 15 42 The met hod of claim 40
S.a. kin tic.vis

\g{t _3w186%n}évpegag’%$ uﬂég{ni{% g 1}1? Giimishng the base oil in'a 1}y vot 1z¥sh1ng

zone undey conditions pre-selected {o produce a base il having less than 0.5 wi%e

25 olefins,
35, Arprocess for making & gear lubricant, comprising:

a. selecting a base oil, made from a waxy feed, having a viscosity index greater
30 than aoameunt defingd by the equation: VI =28 x La{Kinematic Viscosity at

100°Cy + 1935;

b. blending the base oil with:

(1) an EP gear lubricant-addifive,

-



41 Thu method of eLirn 40, vrherein the pour pw.i}
depressing hasc oil blending conponent has a VI
w@e@aties16s han 140. 20 44. The met hod of cl ai m BOI/US200T/@66095

ti .ilk pour Point deprc. ,in- bas; oil Wending

coonpw ent has treater than 1(1 wei ght percent total

ncl ecul, with eycloparaffinic |luuctionahty, 25 45.

The nmet hod of claim 40, wherein. the isonerized
distillate fraction is Fisch t 68..

5 {1} apour point-depressant, and
(i) lessthan 10 weight percent, based on the total gear lubricant, of a

viseosity index improver to produce g gear lubricant; wherein
the gear Iubricant has a kinematic vigcosity at 1000C greater than
14 ¢8¢, and a ratio of Brookfield viscosity in cF, measured at

10 temperature B in oC, o the kinematic viscosity at 1000C less.
than an amount defined by the equation: Brookfield Ratio = 613
¥ e(-0.07 x $) and wherein §§ equals -40 when the gear lubricant
is 2 SAE T5W-XX, B equals -26 when the gear lubricant isa
SAL SOW-XX, and B equals -12 when the pear lubricant is a

15 SAE 8SW-XX,

36. The process of claim 35, wherein the waxy feed 1s Fischer-Tropsch derived.

-y

. The process of clatra 35, wherein the gear lubricant comprises greater than 12

Lo

20 weight percent, based on the total gear lubricant, of the base.oil.

38. The procesy of claim 33, comprising blending the base oil with less than 5 wi%s,

based on the total gear lubricant, of a viscosity index improvern

25 39. The process of claim 33, conprising blending the base oil with a pour point
depressing base oil blending component prepared from an 1somerized bottoms
product having an average degres of branching in the molecules between about 5

and about 9 alkyl-branches per 100 carbon atoms

30 40. A method for reducing a Brookfield Ratio of a gear lubricant having a kinematic
viscosity at 100°C greater than 10 ¢St, comprising: adding .05 t0 15 wi% of' a
total gear lnbricant of a pour point depressing base oil hlending component having
a pour point at least three degrees higher than a pour point of an isomerized
distillate fraction also present in the gear lubricant; wherein the Brookficid Ratio

“ 6T -
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10

15

20

25

41,

44,

b
§

is a ratio of the Brookficld viscosity of the gear lubricant in ¢P, measured at a
temperature [¥in °C, t a kinematic viscosity at 100°C of the gear lubricant less
than an amount defined by the equation: Brookfield Ratio = 613 x SOOI ang
wherein B equals -40 when the gear lubricant 1s-an SAE 73W-XX, ff equals -26-
when the gear lubricant is an SAE 80W-XX, and B equals -12 when the gear

lubricant is an SAER 35W-XX.

The method of claim 40, comprising adding between 0.5 to 10 wt%6 of the total

gear lubricant of the pour point depressing base oif blending component.

*. The method of claim 49, wherein the gear lubricant has a kinematic viscosity at

H00°C greater than 13 ¢St.

. The method of claim 40, wherein the pour point depressing base oil blending

component has a VI greater than 140.

The method of claim 40, wherein the pour point depressing base oil blending
sumponent has greater than 10 weight percent total molecules with cyeloparaffinic

functionality.

v, The method of claim 40, wherein the isomerized distillate fraction is Fischer-
ks

Tropsch derived.

S68 -



