WO 2007/ 118158 PCT/ US2007/ 066080  GEAR LUBRI CANT W TH
A BASE O L HAVI NG A LOW TRACTI ON COEFFI CI ENT FI ELD OF
WA RE7NIENTI ON 10 This invention is directed tBCT/US2007/066080

| ubricant base oils, and finished |ubricants made
from them having very low traction coefficients.
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Chevron Corporation. Polyal phaol efin base oils are
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available in limted quantities. European Patent
Application No. 1570035A3 teaches that functional
fluids may be nmagadigirgubaserdaisirannmgoiow CCS
viscosity, wherein the tunctional fluids also have
| ow Brookfield viscosity. Nothing is taught regarding
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petrolenr derived Group T base oil and greater than 20 wi% viscosity index

20 improver. Chevron Tegra® Synthetic Gear Lubticant SAE 73W-90 is made with
po lya’ilphaﬂieii n and diester base oils. Tegra® is @ registered trademark of

Chevron Corporation. Polyalphaoiefin base oils are expensive and have less desired
clastomer compatibility than other base oils, Diester base ol provides improved

elastomer compatibility and additive sotubility, but is alsb very expensive and
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avatiable n nvted quantities,

Ewropean Patent Appheation No. 157003 3A2 teaches that functional Thids may be
made using base oils baving low CCS viscosity; wherein the functional. fluids alse
have low Brookheld viscosity. Nothing is taught regarding selection of base oils

3 baving more a desired molecular composition ov low traction coefficients,

Commonly assigned U.S, Patent Application Publication No. 200350133407 discloses

that gear Jubricaty may be mude having a Jow Brookhield viscosity from a
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tubricant will have a kinematic viscosity greater than 10 ¢St at 100°C, and will also

75 have a low Brookficld viscosity relative to kinematic viscosity; and a process to make
it is also desired. Preferably, the gear lubricant will also not require bigh amounts of
viscosity index improver.

A lubricant base oil having a vety fow traction coefficient, and finished lubricants

30 including gear lubricants made from the base oil, are also highly desired.
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We have also invented a process for maKing an energy saving automotive gear

tubricant, comprising:

25 a hydroisomerizing a waxy feed in an tsomerization zone in the presence ol'a
hydroisomerization catalyst and hydrogen under pre-selected conditions.

determined to provide a hydroisomerized base 0il product;

b, distilling the hydroisomerized base oil product recovered from the
30 isomerization zone under distiliation conditions pre-selected to collect an
energy saving base oil product characterized by having a traction coefficient

tess than 0.021 when measured at 15 ¢St and at @ slide to roll ratio of 40%;
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We have also invented a lubricant base oil, comprising
a. a traction coslficient less than (.01 1;and
b, a 50 wi% boiling point by ASTM D 6353 greater than 582°C {1080°F).

ZDE’I’A],LED DESCRIPTION OF THE INVENTION

SAE J306 defines the different viscosity grades of automotive gear [ubricants. A

o)
(¥ |

raultigrade automotive gear lubricant refers to an automotive gear tubricant that has
viscosity/temperature characteristics which fall within the limits of two difterent
SAE numbers in SAE 1306, June 1998, For example, an SAE 75W-90 automotive
gear lubricant has a maximum temperature of -40°C for a viscosity of 150,000 P and

a kinematic viscosity at 100°C between 13.5 and less than 24.0 ¢St. The second

L
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SAE viscosity grade, XX, for a multigrade antomotive gear lubricant is always a
higher number than the proceeding "W" SAE viscosity grade; thus you may have an

o
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Examyples of antomotive gear lubricants are manual transmission Huds, axle

lubricants and differential fuids.

10 The Maximum Temperature for Viscosity of 150,000 ¢P (°C) is measured by scanning
Brookfield Viscosity by ASTM D 2983-04. Gear lubricants having a low Brookiield
viscosity, especially those with a low Brookfield Ratio are especially desired. A low
Brookficld Ratio is associated with impraved low temperature properties of the gear

tubricant.

The Brookfield Ratio is calculated by the following equation:

Brookfield Ratio = Brookfield Viscosity in ¢F, measured at Temperature f§ 1n °C,
divided by the Kinematic Viscosily at 130°C in ¢St
20 Temperature § = -40"C when the gear lubricant is an SAE 75W.XX.

Temperature § = ~26"C when the gear lubricant is an SAE 80W-XX, and

Tenperature = <12°C when the gear lubricant is an SAE 85W-XX.
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lubricants of this invention have a kinematic viscosity at 100°C greater than 10 ¢St
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Preferably they have a kinematic viscosity at 100°C less than or equal to 41.0.¢St. In
one cmbodiment, they bave a kinematic viscosity at 100°C greater than 13¢5t and in

another embodiment, they have a kinematic viscosity at 100°C greater than 20 ¢St
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30 Slack wax can be‘obtaingd from conventional petroleurn derived foedstocks by either
hydrocracking or by solvent refining of the lubs oil fraction. Typically, slack wax s
recovered from solvent dewaxing feedstocks prepared by one of these processes.
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35 according to the process of the invention. Fischer-Tropsch wax is normally solid at
room lemperature and, consequently, displays poor low temperature properties, such
as pour point and cloud pomt. However, following hydroisomerization of the wax,
Fischer-Tropsch derived base oils having excellent low temperatire properties may be

prepared. A-general descripiion of syitable hydroisomerization dewz—ming Processes

may be found in U8, Patent Nos. 5,135,638 and §,282,958; and U.5. Patemt

LN
g

Application Publication No. 20050133409, incorporated herem.
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1%‘ B%gs% ﬁi@é (glp s ﬁ]‘ép‘y enl1 ?r? ilz%l"éx é‘feinﬁéﬁ&%rﬁag% % 3{? abatup Aher (500 to
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di Fbent 23 ANIPSERE pryfembiidEsn Broubhisebin 10 N CYkg: piore

€O n%r exctal bﬁffh()éx& BB ¢ 910%‘13519%3%% Ffbbldb&t&{ &My Vﬁ'@f@n@%‘xﬂ ¥e separated

grades o fined two' or nore ase

oi | ;rmdnliefmodmgam mecyelpdhie tht i mmwn@‘@tﬂ@onsl at 100'.Tt;

gach other by at Icar 1.0 cS4. Kir-"oll hui Cisco.
ly is neasured using. ASTM D 445-04- F, ai;

t | oDbtiddalid, ithe basd 0ilQB@icHE bigrdeni msagAismdeivating ihat bon
unit to yleld cuts with pre-sel ected boiling The base

oi | Bydefensbgh d befyar offmshmm nray4 ]Ll;lif W Pnﬁﬁdf'mﬁbﬁ??rﬁ el héglgeforc, or
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poi ntten_deﬁ totuh‘ei obfame ogiitiohrseetine b Matilitieand appraraty o ot
29 ou &%8 hcrtl ‘Efy‘ 'relmnav'in%.:’amtmomitcslj glehh{] ?&E} gt}%i&%, ot %Ig@nts. A general
description of hydrofinishing may be found in U.S. Patent Nos. 3,852,207 and
4,673,487, incorporated herein, The hydrofinishing step may be needed to reduce the
weight percent olefing in the base oil to less thar 10, preferably less than 3, more
preferably less than 1, and most preferably tess than 0.5, The hydrofinishing step may
30 also be needed to reduce the weight percent aromatics to less than 0.1, preferably less

than 0.06, more preferably less than (.03, and most preferably less than 0.01.
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25 additionally have a ratio of molecules with monocyeloparaftinic imumnmt& to
molecules with multicyeloparatiinic functionality greater than 2.1, In preferred
embodiments, the base oil has a ratio of molecules with monocycloparatfinic
functionality to molecules with multicycloparatfinic functionality greater than 3, or
greater than 12, In preferred embodiments, the base oil may contain no molecules with

30 multicycloparaffinic functionality, such that the ratio of molecules with
moneeyveloparatiinic functionality to molecules with multicycloparatiinic

functionality is greater than 100,
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o]
L)

traction coefficient = 0.009 x Lni{Kinematic Viscosity)— 6.001

wherein the Kinematic Viscosity during the traction coefficient measurement
30 average roiling speed of 3 meters per second, a slide to roll ratio of 40%, and a lead of
20 Newtons, Examples of these preferred base il fractions are taught in U5, Patent

Application Publication No. 20030241900 Al, filed April 29, 2004, The pear
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The base oil fractions having the lowest traction coefficients have g higher kinematic
25 wiscosity and higher boiling points. Preferably the lubricant base oil fractions having a
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The jubricant base oil fractions useful in this fovention, unlike polyalphaolefing
(PADS) and many other synthetic lubricating base oils, contain hydrocarbon molecules
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the oil. The catalyst is a mixture of soluble metal naphthenates in kerosene, The

mixture of soluble metal naphthenates simulates the average metal analysis of used

crankease oil. The level of metals in the catalyst is a5 follows:

23 Copper =0.927 ppm;
fron =4,083 ppm;
Lead = 80,208 ppm;

Manganese =350 ppoy;

Tin = 3565 ppm.

The additive package is $0 millimoles of zinc
bispolypropylenephenyldithio-phosphate per 100 grams of oil, or approximately
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one or nore lubricant, additives,Lu bricant additives
which may be blerided with the lubricating base oi
W@ 20077018158 he fini shed | ubricant conposition i neCTITE2007/066080
Liloc 9%ii, h are intended to inprove certain
properties of the finished lubricant. 15 Typica
l'ubricant additives include, for exanple, anti-wear
aAgl, 'otrérges‘l o1 A AL TS Dxidhder 8 BNGEst fneasurdd tl )r@ p%ﬁ&rt.'oﬁa tubricating
anti oxi dant's, pour pol nt epressants Vi Sity )
| n(ﬂ:e% diltin psieméard&ppﬁmé@re}hﬂlt yluradi fdnetisyes o ihbmf?ieenhtﬁr of
; ant.i.l .~ barni ng agents,
coP“;PﬁWW@ﬁ#%@f6W§mWi@ﬁ“?nhlbltor- . scal swell
agents, emulsifiers, wetting agents, luhiicii
Jnprovers, metal Jeactivatoi.,, gelling.agents, ... .
St adkiGHessm aarget ©r Opaniedpesiae 0t of 2565‘1&8'3?3& ‘g{}‘é% I agpgipiEyed
ant(i%demaz{]l){{: %‘JOIHQ)] lluléc i.;pic.illy, the total anpunt
one or nore lubiicant additives in the finished is
\S|h|n the range of 0.1 to 30 ,vt% the en-lount of
| ubricabrig base oil of this invention in the
finisl.CLi lubricant is be %c~ z.n 10 and 99,9 w
Tt lubricdt Addidvd .t |7 between :,nd wt% 1 uhiiu<liit
additive supplier; wll provide information on
Weffective anounts ot'tli r ire in ideal lubricant 25
addiybimRied @sidAds hiv\{ﬁc\%%mgﬁé} dothpP6es\MAR T 8ftc Whnbilin: of
lubricating base ails to nake finished |ubricants.
I—lo\Amv er mawduttigart héditives, Lubricgit eddigvep phich @ray beblegdesk withe
e ! 7
$W$m?‘mn%ka§m?€§§r?e f§m$£ i %%gh |ndggiwkﬁﬁéld
by wigtheE imoers $esonayerhi m@;qmes efitht nivbelt lulirvent.
specifications faor th i shed |ubricant
A A LR T SUBEPEy Y AR
e I SgeferdentsMERMEES )ant\}ﬂxidamr e [1&111"@9;*0@5\&}1& DeidtsBE BRex
ri.: characteristics of |ubricants by'reducingg the
r atigiprayfrst viscosifytingdiess. Wiltign quéwesaéwéﬁﬁflér@@b@rl@mr@mf%
andvtoitgsemr( tarh%;t())rfa r{x u% 11%&)'(54; gua a*g%re! %Ws 'emu,s{hc d{e @Iﬁl% &%cnéb
_t: l_ul:udi smﬁfﬂﬁ@s (mcail dézmvwmk gi:l-img aggdn-e.r ilapi{thfs‘: hgcntst ‘betcm Sides,
-r-s

2 anél @é—ﬁosr %mg.fp;» a%ﬁaiﬂ;%n‘ﬂ‘&df lqtno'l ij_c,-fﬁm t‘% tloallimn?upts f' 4o or more

| 71[%};:}0&&& ddit} Ly in the fidned hiblidah €8 LithAl B@@ned B0 1 to 30 wids
pi-r's~ir"es generated in hydrduuhhc systens s.LFh

ect Ti¥piaaily tecarounia! dehrigptingrbagy ol ofjthis jayertien in the §igshed lubricant
cauz g\“ nfc:l,nu (fj 11%%5 IQI\XQJ? t&qa tl%hb“%ﬁ 7’5 &1@9(;]%9} qlﬂ Jiant additive
Sy Clt ) (f tper I aneri i

Vi sﬁ@ﬁlhdrywlnqss\zdignnfaubmumahlufgz.me B!lnsumc of their individual lubricant

]

25 additivesor additive packages to be blended with lubricating base oils to make
finished lubricants. However due to thi excellent properties of the lebricating base
oils of the invention, less additives than required with lubricating base oils made by

other processes may be required to meet the specifications for the finished lubricant.
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Generally, \ r | .inprfayers are oil soluble organic

polyners, typically olefin hommo- or cu- | _ynteas or
walerragiss/’es t hereof, of nunaher average nol ecRACHDS2007/066080

s\rcight of about 1°000 to 1 mllion atom c nass

units (arnu). VI inprovers are generally added 15 to

li,bricating oils at concentrati ons fr_om <;botit O.I

t o $R- WP onddNEYrbMRGEE B BYerhh~C. " tct;irig “h = lubr:

caring oiT to which hu, are added nore at high

tenperatures than low, tlit~s keeping the viscosity''

ch Eflnodith WRYi£8RL M bk RIRRIAI €Il B edycing the rate

cong?lgﬁf& fimo IWIQ Ig(qi F er%\‘/ihs{"té {:PL the case. fhe & e e

L. hangeningwith mmemnytuwptmfut@nd@mramtoat%ecmmsﬂ Mh m&nonl y
{,?g‘%g‘%g? {,\I‘Céf\biy inlpgn B lnﬁrc%é pf{X cfe cai?aém\?l pc)figrm&m & al ia\g and high

changhbiatesel iwiptRed; @féﬁ%ﬁ@ﬂlu kehjédiaine hi&emm&smgmﬂmmf due to

oils with IowVI (e. o0 . h'tajo stet | of

VIi yb@@rwéﬁ thejmpdecylga in ipgj} ngeagﬁé&gégﬁbwmen%qfﬁ% in hydraulic

et Qf@t%i qui:|> &1ﬁ111§§1rg siicar %febﬂ whd W ? @ﬁ&iﬁihﬁc she'ir causes {luid

i ykne- pr E) er e copoly [

Cbpmhmmanmﬂmamdmasuﬁwan%swmwnyb@m@n@ﬂﬂnyn®ﬁMWGWQﬂmnrk
1(9 en h; droqcm'ted L(%il;mev: residual olefin. VI

Y SPERY &P HET Ve el i i1+, it , )erStnit V
11]} 1?rover. inch contain polar I. iii tic ioaIities
such as gratt"ti snt'c “rimde gt'ou e] i uhr -
ca: Gﬁﬂﬂ@figdél et gkl *fé%ﬂ%ﬂﬂtwé\ﬁnqﬁt I“P“i““ y l}C“L' Tl

. L"-"Y = FatIve a b \ﬂ J] §
| p r*u]é)n\‘} X ?ul R‘!‘] ,ffgurrrL gi %611\ ’1tll 5 if%%%iéﬁ?@?rgig %‘_\f’i_"% vmnih@ec, ar weight o

Ar | KBoul B1000 ol Pmittidn ati hiu(ﬁgﬁ&ﬂ!ﬂl]ﬂtﬂn g1 VI mmm\icmw espetolly gfded
i§~ Lg_)r.'[lpﬂgrlwanngr%ISs:aig})nce_iﬁrgt%s}%irtfggaypﬁtldg&l /io()%t*’/l %ﬁ% ittnépm%»

PCT {52610 (1 6:608Aing o8 StS whh&khe@ &14: ddidhmarnathikh pinperatdodsythan

less than 0., <<<i" rover.Tlhe gear

| ubkave dng ki’iﬁ’xf‘éé}\‘fe‘ﬂ“@ﬁtcgil‘i’i: 6thv w}ié\}f@ﬁcm@ ature more:

Thi ekenes fanl, VL’DL!]&O‘LF@I‘Q%&%E etathenOnh &%h w%u(tsm $ith temperature

di sclosure are oil sol uble or oil mscible by at o(

i r bonsmwnantyl 1hpra=empd1 é)mhe vipposity indos{ Ml vath th@@@;a@iﬁ.\é@& qdls with

Lhan 10eSt pl enear r T ‘

";bl lh(c wh'ié |cégle i iéss wE[g ILh %ppra%um él§ ti%sv?aé,%am of QHT Lt

rubi;)@,rm(emggi efin copol yn) -r , .,: _'rene dine

polymer, pt?lyltt EE1:3 r rl Ue t rettc-e tcr, nui

i Itra hi gh viscosity 1' AO. Preferably, the thickener

has 401 'ngaok St @’Vnﬁi’ovlcr%qfl-\mﬁf 01 ARQEnBR01GBErs P mBNAEA ate and
0,0 I'n one enbodi rren? the gear | ubricant of

t he abriylate estatsi ohilagoropyige toralynRrsVeentilicRexmelmers; and

25 polyisobutylene, VIimprovers are often hydrogenated to remove residual olefin,
VI improver derivatives include dispersant VI improver, which contain polar

functionalities such as grafied suecinimide groups.
The gear lubricant of the invention has less than 10 wi% VIinaprover, preferably less

30 than 5 wi% VI improver. In certain embodiments, the gear lubricant may contain very

low levels of V1 improver, such as less than 2 wi%e or less than 0.5 wite, preferably
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15 Base Ol Distllation The separation of Fi
.cher-Tropsclt derived litactions and petiolcu:in
waeleoritesdsg ractions 20 into various |ractioit sPE¢EUBI0G7/066080
characteristic b6iin t:iges is generally acconplished
by either atnospheric or vacuumdistillation or by ;i
conbination of atnospheric and t acuumdistillations.
AS 1S ﬁgm'{}q i, QJ ﬁ&Lﬁ§?ﬁ@s& it e tenasr Vidhstdvbd ahepear
fractlon rz |s I refers to a side stream
f r deitricom nreg crenecatiln ret\Wempfavem an atno pi;eric
fractionation colum or froma vacuumcoiu _s:i -,S
opposed to the "bottons” which 25 represents the
resjd tliai htf !lc'r bni ing traction rec; },,crc_cl

fraomthe bottomof the coltinftit. Atnospheric illy
Swi SBBEKENYSnr at the lighter distillate slis,|; as
niaphtlZi and di ~, from:i battoiaas xa~i:t .an Itw-

iris, aFT stillate. titl | boiling point above about
600Ridhencab it thy 5ORKaphE dischsgs tig odoluBloer ot miscitig ker
teﬁ%d&>m%mm 1&uﬂ£ﬂ$%ﬂ9l %F&r%DWQ?péhmka&FMBXb{ﬁxﬂm les of
PRl aKe pface 00 ti F

eq Lth @mﬁh aaﬂﬂi\l}t; i Qbhitoher, ugjhlnmh,f,ihlar k u@ﬁt itohm‘icx heTaN i’eeﬁyl rub ber_,
cuts.,Vac%un1 dlstl ation is tvE ca'lx uz&d 1O s and uliva

1% o ity P IHECBOT TG TEPRY AT PORBER LR e B I ¢t e
basiei?)idebsify B6h 1 98Smbily WhOlikkfe bt kiRGhdtichiscisipget 00°C of
guts. Fractionating the -16 WO 2007/118158
PCTﬁU@ﬁG@?%UG@@@OIGWﬁHﬁTcat|ng base oil into different
boiling range cuts en :bics, ' ie luhricathl1l '. base
oi |  manufacturing plant to produce nore than one

gr adene anbadisooghd gear obridal of Unciatdnogn badess teh 2, wike hoilener.
Point De r essant Th uar |ubricantsof the |lei ese,.t

¥ nv* :ntion further conprise at | east one polar point
depressant They contain fromabout 0.01 to 12w, vt %
based upon the total lubricant 10 blend of a pour

poi Basedbldpisdiaaos . Pour point dep ; ,Sarrts are known

in the art and include, beat are riot limted to

esters of r,aleic ,inhydride-,tyrem c |?C?1>rrzers
olwmatﬁamkmkdf &mr@uhw@nkyk@imgump@hVadmyhmlﬁvde@“miwna

é: ?Eglgg%%t@“’b%‘h'ﬁﬁ‘ﬁ “gﬁn‘f’ V}?dﬁv eﬂ&té&&g)aylﬁl %fg,es 13 36“%%3&’ ESYeay ng]J) iskmed
ter Q)OJJIM‘JC{ Db Shdc HivRMhimeBHBESoOf: th atcbybmeli@sof atmospheric and
etlivieric acetate
vacuum distiliation. As used in this disclosure, the term “distillate fraction” or
"distillate” efers 1o a side stream fraction recovered either front an atmospheric
fractionation colutnn or from a vacuum columm as opposed to the "bottoms” which
25 represents the residual higher boiling fraction recovered from the bottom of the
column. Atmospheric distillation is typically used to separate the lighter distillate
fractions, such as naphtha and middle distillates, from a bottoms fragtion having an
initial boiling point above about 600°F to about 750°F {about 315°C 1o about 399°C).
At higher temperatures, thermal cracking of the hydrocarbons niay take place leading
30 o fouling of the equipment and to lower viclds of the heavier culs. Vacuumn
distillation is typically used to separate the higher boiling material, such as the

fubricating base oil fractions, into different boiling range cuts. Fractionating the
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1 copolyrners, al kyl pihenoi formal dehyde condensati on

resins, rlkyy vir:y> ethers, olefin copolyners, and

WOoreooratsass t hereof . Preferably, the pour point PCT/US2007/066080

depressant is plynethacrylate, The pour point

depressant utilized in the present invention may al so

be a pour 20 point depressing base oil blending

¢ Onplgp Qmm Qi's? m[? é&(‘éfﬁ)lryglz&ﬂhr@nd 1800k %Eék&%dh(’ﬁhbl‘t%h@’ Hask ol
uct, as descri bed

U Smrﬁa:toanhm/t\mul tp@ahttlgnltlotl@mlbtttlooauaéfn 08 BISQ@EE@?@Q@HWU“,% base

the contents of Which is 1rc, S : tr incorporated by

ref@ence in its entirety. i en used, the pour point

der?re”sirtg | hLrse oil b:lend rn; conponent reduces

the pour point of the ii hi irunt ,leiad at feast. 3C

bel ow the pour 2.5 point of the 1ul ?Ticant blend in

thep@9§%gggtﬁgﬁ&ﬁe poor p0|nt do 1 i c ing base oi

blending ¢r_i Tpcrlcnt. "ftc I,:}tir 3;01.3;
de,,-ressirtg base 0|I bir .9nLI|||cI conponent is an

7 PN L
Lfgané%etiﬁgls ficants ac:%‘tri)tg S 8k dtt‘v{i‘&?)ﬁl Jprtiy thier C(Bp\{l?rgsle gg%%&ﬁﬁﬁqpotxﬁ gmm

' H@n&sﬂﬁxt PGy c@w:m&o@fabrtdne Ol wbrd e@mbashbd ey m@tmpaﬂ h&mmqpi
the | ubricant aas oil fraction deliv ed on ;g
Tr . Prend pirg pour poi daprassEHe B PPBl LT BB et OBa “ﬁd"‘o‘t*t‘
Vil e t*ﬂ?drpltﬁr]ﬁimtcﬂ td a&@@s&@&@ Ay ARG PRUEN RGP I ers,
depressant).: or exanple if the target pour poi nt of
t he pblytibihiarentes, bperaylites, poGeademidhie cpsarsapai piedwts ¢the
l tr Eél gti wbn&qu {zr@maﬁ@&nﬁ}%&?ﬁc\%@ ax@:qy\ atp &immt% mtd

t “anouh ur poi nt

17 V&b&ﬂ@&é&&Bmﬁﬁnﬁﬁﬁ¥&ﬁﬁ®ﬂzmaﬁﬁo&ﬂyadépaésgmn@HW&s@aw

Zgﬁglqm;w}%g l\gﬁ:rgt[,tluﬁgt%%g@ I hg?:l f‘%&%ﬁt | rCL).Qm; t!k Jvm)l b{hCI:z otefin

sut % LS D L RPRNE NS Bofl PUREbED e Pol poRQidBireint ihe
bl e to the target value. 5 ThHe is inerized
Fls@hbﬁm¢MGp@®1h derived bottons product used to | ower
the pour -point of'the lubricant blend is usually
recovered as the bottonms fromthe vac?. ui"o col um of
a Fitse batqwﬂirm@@:ed%mpﬁﬂﬂbtﬂ orhe ﬁ?b@ntamemtage ey wlse Bub adur~

t i ht of 1h, Bour B t de ressin )sﬁe Qi I._ Dbl end#
Borm6ie ARPTEEnE Pass o pienging sgn W“t‘l’ﬂpf? At HEMAGAHE 6% r om

abo %scé& Gl Bf%cl‘?@é?NEd R8s \Wodubtha AR sAbed RGE SNRIEE Wpplkication
weight 10 b, ti4 ¢ - about 700 and about 10100 bei ng p

fi enytbucatxfﬁyﬁpcﬁ@*w(w%&l% e go*p@y; otpﬁpch ip {temn gpwt}:ﬁ;éated By
PO e i%tjjfltm%e SRIESTIPEARE o8 J@tb@%u%gt&m%mqmntm

ween a
pOInhn@ﬁmthJMmtmbﬁgumamgenhétmhempﬁumhp@mmﬁ°(bﬂowthdpow
deprp%iﬁ Iofp t%f, p%ncant f:» end in the absence of the pour point depressing base ol

blending compenent. The pour point depressing base oil blending component is an
isomerized Fischer-Tropsch derived botioms product baving & pour point that is at
feast 3°C higher than the pour point of the Jubricant blend comprising the tubricant
wage oil fraction derived from highly paraffinic wax and the petrolenm denved base

oil (i.e., the blend in the absenee of 2 pour point depressant). For example, if the target

bt
[owa)

pour point of the lubricant blend is -9°C and the pour point of the lubrican: blend in
the absence of powr point depressant is greater than -9°C, an amount of the pour point
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bl endi ng con-Poi-ii--w uruaby will be within the range
of from about 850'F and about 10501 , Pref :zably,

WO b@7ptsis8 1)irit depressing base. oil bl endi ngPCT/US2007/066080
conponent w |l have 15 an average degree of branching
in the nol ecul es between about 6.5 and about 10 al kyl
branches per 100 carbon atons. In one enbodi nent, the
| URELEank phlandy JJBXW%%ﬁ%ﬁ&f@hcﬂﬁ%nm{xw b ASRIEF SR ke

Gt d our point dep e i ing
baShaarmmh bbhé nmungmomppmem {0 !mhfe‘ theo@uppaint tpdkt‘rhicnd to the
depressing base oil bl endi ng conponent nmay be an
|séﬁET|F@% 1 i sclher-Tropsch derived bottoms product
or an isonerized petroleun1derived bot t ons; Pmdth L

Pour points depr esrrm, oi | blendlg? g ent s
5t ha]thfa%{@erlfféwhtﬂdov"&*é#%F%Bfm&‘@ﬁ’il%*at Bt ?T* he Y

"G el LIBEGs Liblait by e Rl 8 Bre VoRBE 6 tm@n
Pu6¥1%3?%§ﬁgﬁgﬁp%go 55&1606 n §Ucﬁ’gn énbgglnent 1
r em aﬂumbd:oyumxh@‘cﬂ AishércanmpschbpmadiopsThe n’ﬁ!’ﬁgwﬁﬂﬁb&&@“ VEigE of

pOI ‘t5 pt\él\%%/%lé@ P ! eﬂgag%pag}gl%/iftndﬁg ccm&ggen}/usuflv) W tﬂ av:\ﬁl 0

t hate da8ud FORRY d52@E0D ko éboﬁi 1180 with'ah atsrage rﬁ‘o!édmcﬁifnerght e.d

or petroletall derived, buttuns Prod %& @nma

149 i )k(;m dep AP 7S B PO €4P Yemerrereerd: fapically. B PUT SRBEFE Y

30 e Bessling Ph &R MR B cBh B I ki e beivikn PSh@BC and
d?ﬁ &}QQMthgleaa &|§%o§%fylaboce 186E2§i %t XOC -

pr aﬂuent&ﬁﬁf’(y ‘Ebd 0% pRint bf the b&lingtangko€ thegnegr mjmedeprcssmg base oil

ferably ran { |
S 0 d u@g}gl%gpa@g t%‘)g%{ »&] bF vhtgm 1Pe nl Eﬁflgxé(gsgn a .}gt&n:: CfB!F a&ﬂﬁbnut
- | SHG 20718 %%@B@Eﬁrﬂﬁ@&&lh@&ﬁﬁ&ﬂ blegpgebabbnyent will have
sait,,| 1D LL~ Tar use as .the ourb30|nt

| 'Bas®! GPRELIEHAPhY RGBT s bl ‘k‘i‘r%ts()ehf“d aboti{ 10 alky
' nv‘ggﬁ ch@0ber T{hﬁdmﬂhgnﬁls& ock shoul d be
roi soaneri.zed and may optienadf h .Sc ' CE: :
devv axed Bri ght stock prepared soIer by sol vent

T L L T

Y twkiakndwhh Beantnd\dgbdripsst ddp“d@ﬁ}nsme oll blend logl’llhspimﬁint The
this invention caonp rlse bet ween 2 and &i' M2
2@” ePBY aﬁp‘y(kprei@nwﬁt{ Dl{/]éféﬂthngzu()glpaﬁtdﬂ B6Y i 9 ""5}"‘?‘7!{“ fe
pr ef thrc!: I Q,l ¥ch%ﬁm%ﬁﬁgxn§m§&% gxom\'igcﬁﬁdﬁae@&tm&ﬁleen(fécfﬁfﬁmmt
sure (EP) gear |ubricant addih\ o the gear
I u b pnod':a:rnt}’oaldmnmu depesanebaddédlending pqmﬂqn@lam@t greyisomerized

FLE\P/thrn iﬁugle tnv udctge%m%s arodﬂt ake fu!l?l%@d G P8R }%le«klaﬁon

Pubtication NQ. f’*)ﬂaO"‘l’?éOﬂ I such an embodiment, preferably the lubricant blend

|29
LM

comprises 0.05 to 15 wi% (mare preferably 0.5 to 10 wt¥e) pour point depressing base
oil blending component that is isomerized Fischer-Tropsch derived, or petroleum

derived, hottorms product.

Bright stock is @ high viseosity base o1l which is named for the SUS viscosity
30 at 210°F. Typically petroleum derived bright stock will have a viscosity above
180 ¢St at 40°C, preferably above 250 ¢St at 40°C, and more preferably ranging from

500 to 1100 ¢St at 40°C. Bright stock derived from Daging crude has been found to be
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surfaces. While under normal e ndi.tioii trr ed hydro
dynamc", a filmof lubricant 1is naintained between
wWaob@ne1st i vely rno,, ng by lubricant 15 par ane@EDS2007/066080
and principally viscosity. Flowever, r hen load is
I ncreased, clearance between the is reduced, or when
speeds of rno Iing sr rfaces are .;ucla that the film
CgtLCL afi QPL%ER trﬁr!l@é {5 tﬁé @3%9 po;hﬂ% FEMEO (}1@f)1& %tﬂ%ﬁ{(}%@ﬂt ot
u er Ca S e gove *1arge y e the
panaﬂmhﬂnSnoﬂmbméhahmgmamdaﬁmumgn@uﬁﬁawesmmdﬂmbmhrmﬁ%nm‘
Cortt bl et GBS v e oo M SR FORT & U T found
20ve 8k nad ufﬁ&fﬁ‘f@ilnt at h gole pakt ARASLAREthsE b ‘ﬂlhﬁﬁgk Bghgundnt.
pitting. It is the role of EP gear |ubricant additive
to prevent this from happening. For the nost part, EP
gear |ubricant additives have been oil sol uble or
easily dlspersed r.s a-sieble fl .a ,ion in the oil
, itbeen organi ¢ conpounds reacted to
contain euJItcer hal ogen (principally chlorine),
phosphor ous, calboxyl or carboxyl atesalt groups which
I eaptelpedSubMctuls BihBis ﬁfﬁkﬂthmﬁddmﬁwaﬁﬂ:»eu&dﬁﬂ ahOBH dﬁ%ypwtel ably
Iubrlcatlon condi tions, Stable dlspers ons
lhy dichiyesd 2l RAPY Vivat Epre TR RS b 23 81 B W‘ PO BEEPE
be o plodninG R ad&:qgest(a VRBled 1o
4|ésgqggkgwuﬁgbgﬁgghﬁggpgﬁéd%kaal| ~~ b+}la.t s are
i - mhumme 0 mevqnbctqmwe meg-w,meidCopiciis thydelesadmofigoving
ancr s Vot et Spdiaf sty p Ry Rblican
desk&ﬁbhﬁmﬁhﬁnﬁfﬁﬂ%Qﬂmﬂ&bﬁmﬁnﬂhmamxgém&nhdmﬂmﬁgmamOus
1 ron an be orr: 3ted to.the tir g
L tranegterg jand prijeis Pl HeCoRE b oo Dstsaedad e
PCTIQM%QQ]?@’ QI%Q&Q redckBbt w%ﬁ@hd@@!‘ AL AT Rich hakch that the
tirrhiditv correlating to | ess hoanenous In order to
f aciﬂim tiatleafort hwmmcmmfi the faskitian hoTegeliBUsbEagoR” igreached;

Corrb g%%‘? aree Yi%:(h% n% dmetu? SlleHg%on%ugﬁ% L\}tg{e%am anli mor§ (%Iam

| pephitichs 51551&1&39&6@%1‘&&11%‘(&&1@@ emhﬁm(h ﬁsdt ohv iasuﬂi)kemdch as
succi ni m des or. ot her CU (gg Z% A 1 BP o
20 sper sahmsiabieligsp mgesuE b ﬁgsi&m% ey ting ok thy iplg of LY segr
C 0”%@9%&195@&11»& Y ;?rg@npﬁl‘ustf%*l ﬁl{%@&{m;y FiEh@hoRGhal P adar lubricant
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f aciddittat vk freenfodrsriabieon casith dispryvad ge neigblE idispergps jrofb oil, and
O ity el R KOG Y AT MRl olphnleli, iglogen
bor gfinGiphilyl ey m&}Opi@Eiﬂﬁﬁmﬁraeﬂ;@H e-m“ LEi%mgﬁac sdlupiusodnth mact

uiri c,s of this inyeptiqgncorrrprise
25 with the mictal surface unc u oundary ?ubrm T10R mmgtmns Stable dispersions-of

hydrated alkali metal borates have also been found to be effective as EP gear lubricant

additives.

Moreover, betatse hydrated atkali metal borates are insoluble in lubricant oil media,
30 itis necessary to incorporate the borate as a dispersion in the oit anid homogenous

dispersions are particularly desivable. The degree of formation of a homogenous

dispersion van be correlated to the turbidity of the 0il after addition of the hydrated
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20 LaLy l}%lﬁa atp RRM%P?U& 1dss haf 1519109;11?’0}%@&%0 R118ROIRErmation

enbodi ment erre EP -car l'ubricant additive
of wfihd hnrxmgemmb @ammpﬁ welsred E;%g@r hdotiiaonh adskit vehpd glds invention

cor nponent | hich Ikall net al
bor %C[’J’Hjém(‘*ﬂ)“ sriaaifHish @”&Xﬂm o“c‘%ﬁr Ky | p< I~ .ulfide
? conmponent conprising a m xture including no nore
than 70 wt. % di hydrocarbyl trii~rlfide, nore than
1§ | r Other prelerpebkl gder Bbgeant Ay eaﬁfd 18 O CRGNY COMBHS Ry ¢t |
di hé{@ﬁa%d drandd '10’[ gs,% Jn%?\lt'tl il B eQEd ilI} &ﬁﬂcﬁ»ohﬂuﬁ) HoYate Lélhpmmon
fides: ( n ac. dic phosphorus c :cpanent
c o rmaw:g_.,l zmgecahct iﬁq rah of dthodratidyy [Thpdiggerged hydrated DAEHUGheEE

0 f he -4
V\,heFQé]IﬁM‘i Igns ']nk eiscr o W]I Cp %x L\l ’b’)og I%lé'%ig’gtlr]tgllﬁat

car )on 'a
| easi;b@mefdnhk dlsnad hﬁyﬁecdmmmoml bofm(sqs hmr@fﬂaed krﬁtl ive.
" hafd;s%g ot o 5B e a3 B i BSSALARTS born

congfis g gm%ﬁ@u‘r 19, 7@ t§-i :3hat ?ﬁﬁi&il‘?@ﬂtd ﬁy@?di@ﬁeﬁﬁm borate
11, 11 2,46 1, file 115- These , -20 WO

200 T¢riEBILEES Wabummw @68@3@ Nopﬁ,é%ﬁ{b Hregmatgisigythis

| ubr i t a l,bed
abOSEB%QWEng%B fT%?myhngE nmaﬁ?& h%q%gﬁgg%gnd in

Pr O%&Ho:Sl:66:a8 eutis (OHH)iok frbm abmﬁi@&xﬂl ttb 1 60t1$ atd a fodium to boron
additive is typ |caIIy coqblned with other additives in

28 gé@ﬂ°1§“WG%WﬁdaﬁPt%&trﬂtlz ckage. A variety of other
additives can be present in the gear |ubricants of

the pres;nt invention. These additi~~ec include
anﬁnmwﬂmaﬂn@ﬁﬁvmsébgrﬂyﬂuihﬂ@%fh&ﬁﬁ%b@@ﬂﬁeoﬂ|> -\

II Inlh B : {nl\?!ﬁglttmn cgmé‘)r e &m&bmah&)x of th QL ‘&%&mt&%ﬁx&sﬁu

(1) hydrated alkali metal borates; (2) at least one dihydrocarbyl polysulfide

12
LA

component comprising a mixture including o more than 70 wit.%

dihvdrocarbyl trisulfide, more than 5.5 wt % diliydrocarbyl disulfide, and at least

30 wi.% dihydrocarbyl tetrasulfide or higher polysulfides; and (3} a non-acidic
phosphorus component comprising a trihydrocarbyl phosphite component, at least
00 wt.%% of which hds the formula (RO); P, where R is alkyl of 4 to 24 carbon atonis
30 and at least one dihydrocarbyl dithiophosphale dertvative. The preferred alkali metal
borate compositions where the ratio of polysulfides is carefully controlled are
described in U.S. Patent Application No. 11/122,461, filed on May 4, 2003, These

-0 -



ot her antiwear agcrnnts, dmulsitlers, friction nodi
fk.r . pear point depressat 1~ ;nda P21", O other
waowrdrAkaieswn addi tives. Preferred di spersants iPCI/US®07/066080
the well known 10 E c~::nimde and eth,n fared
al kyi pheuci s and al cohols. Pat~ticularly7 preferred
additional additives are the oilnsoliihl,- ~uc,inim
desl B0 Ok ve?,xplw maﬁi adlivad dvinPhhe %Lﬂlﬁﬁalnhtﬂv‘?x de ?L@ﬂbﬁchaiﬁiﬁé ahve
onat es. 4e lubricant of this invention may
al ssmmxcrmrrﬁmd s@t «mm@weﬁae endbintsoved wokpsastapigly: 15 exan! pl e
Goup 1, Goup Il, petroleumderived Goup 111, or
synt heti c base oil's such as p hlphis lelins,
estemﬁﬂ?@ﬂiMgﬁmmnMSMv@maﬁsmbumeheeimﬂhdhpﬂ@ﬁMtteohguH
naphthalenes "1 Ro Depre Be .,
ConPRORGHATvBCItiG: STBET HORES S TN bee ST T 1R
of !tut?xllé‘nis RY 8RN GREVIhS Bicfe RAUIves RO ariORIIaS iviRgodity
e oi |l blending conponent. The pour point ucpressi %
basiedexgiriprayksadispersaws. o shibiints, fogmuitaifary cpr sy ighfbitors,
L;g Wh%ﬁ%n@e&g aue 1? e\]irmgxgssttggr% MGQ 'ilf%nfdﬁ{gﬁs]e B‘I ‘Jg\%)(z rn?deﬂ)pﬁ kang-, and a
basewric@teibkr *fvdflabtd\\(mnﬁdmhts Wefelrmdidﬂmrﬁmuhaﬂudmhegiwll kfiown
“at | east 60+0. p Ll either. a
1 seRormie ok s FoL g PaaPome b bty Sir e
cl Chdditichall adSiiFes@RMMe oildsalubie s RIS dnd biltsOiuble alkalior alkaline
(1 A Fra. 1s 174~CF1C, ~~li~f",3"i{E LI tCJ) achieve
T pthinpengisplfongtey t ~ (2 I~I1|11p intl1l7"; ol ecule
betmeen about 5 and about 9 al kyl -branche= per 100
cai ' bun at ons, F0||OMAng hy' dr oi sui neri,u ninn the
pour hcp@iazntuhd@pt ofehis swer;mg hyabe conprid |oé1qdb¢~aeﬂ>s pech as for

Somctriggdons RHoh 2SR B Py st W o o
100[)@95!;)@@‘%@&% 206s, p};l}@i\fh@k @@@Ea@ﬁut&{en,&bd bikllated amehthalenes.
degree of branching in"the nol ecules are parti.cularly
cer'iticalto the :propel- practice of the invention.

X21 WD 2007/ 118158 PCT/ US2007/ 066080 |In ttic. case

of ' Fi schei - Tropsch syncnv-!. | tills r,1111- n"int
depmas Binr@obadepraising aendil BEndippfpepeniit i s prepar ed
fromthe ~ :~~ ii action that is nornmally a solid at

Foom tenperature. The waxy fraction he pi oduced

di r gtk ¥rnbs QA DS thFicaf lubBaniblop pSChvntisy tamprtie a @bud t
may be prepared Fromthe r_7?ligon ertzation of |ower

boi Ippinf deprdssing base i blepdipg gomponsnt. The gapr POUhEEP GPRE DAY
\ng an S35 g %mﬁc!l@m??whg’lﬁ Rpatdd fhm fik $GAS6iHRE boRsed

fraction remaining i the vacuum tower after distilling off the lower boiling base
35 oil fractions. It will have a molecular weight of at least 600. It may be prepared
from either a Fischer-Tropsch derived bottoms or o petroleum derived bottoms.
The bottoms is hydroisomerized to achieve anaverage degree of branching in the
molecule between abowt 3 and about 9 alkyl-branches per 100 carbon atoms.
Following hydroisomerization the pour point depressing base oil blending component
30 should have a pour point between about -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 particularly critical to the proper practice of the invention.

221 -
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in order to produce the bottons used in preparing the
w@or/1gasht depressi ng base oil bl endi ng coonpRCEU§1007/066080
In order to inprove the pour point and VI, the wtie
I's hydro isonierized to introduce |Itd favorable brat t
Irttrd4 into the molecules. "f h I]sY drei ontcrizeel
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t he(}fﬂ:(i)jdﬁel mmm 1 dxfmtchmaé m\v dhe.se) ds@iﬂ;ﬁm@w mfrtmtﬁm may be used for

f RZ{%}E’ m%% H%F??Sf%EFWIS?%FrSJ& oﬁ%ﬁ |d£’gg“tﬁ 8‘?%’ She Faerhogl rgm matt;‘ bund

l Océﬂ}‘%ﬂt& b tdiva&hesinend Gnipsies atiﬁkxfu&dﬁiﬂegli gt rm(‘hgffi ‘ocarbons
-11, of the blend, the pour paoint .l. toc blend

1 :vo Fhich ye uiysltowepdie s GawT CISBW?E“W%‘B{ WW«I@ EpPEEtd nt
depgd%snnn n&lﬁ%ﬁ%c&eﬁ%tg 39& §ﬂ1 opgioﬁ QH:IPQ Q@ﬂ:mcﬁﬂlg rg‘éﬁ @ndb}go

; g a{; ar @us{: ather Dperaticel.oneh asi tor msmnm hymg@ggcamyilvﬁqjmb@g gad

the pour n the targe ot
po h\fd{%{:ﬂ%fng —h?ri’fjf”r%)““&q[’”"‘sg‘]b bése nlgi b(?x:némg c,ompgfc]ﬁ QHHé present

sct Yebnttld ok GaddRfve Ry dE 8bS01 MYBF id tkim {vﬂnnmleﬁdt mate bes
as high as m ht. other ise be expected . and the
2y dreoll sores hizhboiling eae Pbfa¢y beopertted at |ower |

-22 WD 2007/ 118158 PCT/ US2007/ 066080 rit vitia |less
crat kinea ,arid lcs yield loss, It has been. found

t hatthd fear bmtnt @B sShdukdbingtnde werndnt wiltoT 8 opwaIoN det is

or I'att igast PI(, h}*ﬂ%r ’Ehfm i 1%tpot% E}Tjuﬁl oPR¢ fwrf) onomcr;zgcp f"h:sn%l- rﬂ%p@’&? €

distillate base oil. 1t has been found that when the hydroisomerized bottoms as

95 described in thisdisclosure is used to reduce the pour point of the blend, the powr
point of the blend will be below the pour point of both the pour point-depressing base
oil blending component and the hydroisomerized distillate Fischer-Tropsch base oil.
Therefore, ii is not necessary to reduge the pour point of the bottoms to the target pour

point of the engine oil.

Accordirigly, the actual degree of hydroisomerization need not be as hugh as might
atherwise be expected, and the hydroisomerization reactor may be operated at lower
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2007/ 118158 PCT/ US2007/ 066080
improved pour poini depressing properties provided the branching properties reniain

t.!i

within the limits of the invention. The oily product recovered after the solvent
dewaxing operation while displaying some pour point depressing properties I8 less

effective than the waxy product.

30 i the case of being petroleum-derived, the basic method of preparation is essentially
the same as already described above. Particularly preferred for preparing a petroleun
derived pour point depressing base oil blending component is bright stock containing
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Soecific Analvtical Test Methods

Rrooktield viscositics were measured by ASTM D 2983-04. Pour points were

nicasured by ASTM D 5956-02.



accurately rof renc- the chemcal shift (7 pnf }>:is.
The instrunment nust have 10 sufficient gain rag to

wa@egaittsasa si gnal wit hout overl oading the PCT/US2007/066080
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20
D. Using the molecular weight of the test substance determined by

ASTM D 2543, calculate:
1. The average molecular formula of the saturated hydrocarbons.

25
2. The average molecular formila of the olefing
3, Thetotal integral infensity (=sum of all integral intensities}.

30 4, The integral intensity per sample hydrogen (=total integral/number of

hydrogens in formula).
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Si neesf immwlﬁsxumxmmewmm oécﬁcnlhﬁtmeusc@ﬁ‘ma@al@ boil in
A.he lubricant an e, sonic degree of red-shift was
“expected .and observed for all of the principle dr
oni eCe groups identified. Quaratitation of the
elutlng aromatic conpoynds was made by integrating
chr Dl HPRES YRR -3Q£VE|EI| “~ths optimized for
c,1& yen era' cl ass of conpounds Over the appropriate
retention time window for that aromatic. Retention 15,
t i me'he wiergd weddi tinpsufegew devel oAROIvaL Ve ddysimERe

.«;qet ealg'{.lr‘fq} dd% ‘iJuIQYmDE% r%'éal ELI}/CaieM]% Lulﬂgtﬂmhm HIVeniion uses a

Hewlert Packard 1050 Series Quaternary Gradient High Performance Liguid

Chromatography (HPLC) system coupled with a HP 1050 Diode-Array UV-Vis
detector interfaced to an HP Chem-station, Identification of the individual aromatic
classes in the highly saturated Base oils was made on the basis of their UV spectral
30 pattern and their elution time. The amino colomn used for this analysis differentiates
aromatic molecules largely on the basis of their ring- number (or more correctly,
double-bond number), Thus, the single ring aromatic containing melecules elute first,
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HBPLC-UY Calibration

25 HPLC-UV is used for identifying these classes of aromatie compounds-even at very
low fevels. Multi-ring aromatics typically absorb 1010 200 times more strongly than
single-ring aromatics. Alkyl-substitution also atfected absorption by aboutl 20%.
Therefore, it is important to-use HPLC to separate and identify the various species of

aromatics and know how efficiently they absorb.

Five classes of aromatic compounds were identified. With the exceplton ol'a
small overlap between the most highly retained alkyl-1-ring aromatic naphthenes

el
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associated with tHe mode] compounds. As expected, the isolated aromatic sample had
a lower response factor than the mode! compound because it was more highly

sishstituted.,

b
e

More specifically, to aceurately calibraie the HPLC-UV method, the substituted
benzene aromatics were separated from the bulk of the Tubricant base oil using a
Waters semi-preparative HPLC unit. 10 grams ol sample was diluted 1:1 in n-hexane
and injecied onto an amins-bonded silica column, a Sem x 22.4mm [D guard,

30 followed by two 23em x 22 4mm 1D columns of 8-12 micron amino-bonded silica
particles, manufactured by Rainin Instruments; Emeryville, California, with n-hexane
as the mobile phase at a flow rate of 18mls/min. Coluimn eluent was fractionated based
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25 messure aromatics down to §.2% aromatic molecules,

More specifically, to accurately measure low levels of all molecules with at least one
arornatic function by NMR, the standard D 5292-9%method was modified to give a
minimusm carbon sensitivity of 500:1 {by ASTM standard practice F 386). Al5-hour
30 duration run on a 400-500 MHz NMR with & 10+12 mm Nalorac probe was used.
Acorn PC integration software was used to define the shape of the baseline and
consistently inteprate. The carrier frequency was changed vnce during the run to aveid

e
220 .



The mass spectroneter used was a io'licroiriass J'ine
of fFl i gh, ;response factors for all co ripou d types

wowrneg1gasame to be LO, such that weight pert ePdI/USzg7/066080

deten-rdried 20 from: area percent. The aecl isred
mass Spectra wer e Summed LC stir" +r 0111". avt'r

i ged3 spectrum 'f he lubricant base oils c this

I NV@RNbi®RdmMinali: ®HalifhaG? ek Ledhk orbkiMRghdl BE tdking spectra
i kanes and nolecules with ttt toront. numbers O urn

at (A GTRR of B gamerpyer BF PSR RS TGP R EHpCantY:

nunbers of tin sa turati ons may be eoi priced of

cycloj,aaaf in , olefins, 25 arid aarorriatics.

I faromatics were present in am ants in the |ubricant

ba mould,4 Jdentified in the FliM
§¥§§?g—égi QORI gk i ons. When ol efins were

present in sigiiiticamt anounts in the |ub: tieant
base oi |l they would be |dent|f|ed intlic.t [

i1’
analpdrigicay Fhse s 8t Bisab e HE “rh st sy Fipl) sfmfauon
- UnGals %3@‘91[09%9)?3} (Pf M&S)m?o MRsSREM@LHONTes wHh-diferent numbers

noi t urations, trnsaturations, 5-unsatvr~ctions, and
6- uﬂ&awmnakmeﬁﬁaﬁﬁuﬁmu$nof&ﬂqwkwwknnﬁnawﬁnﬁeﬁﬂn¥hus

l(} I X ‘{?‘8%0‘%" {M*p%h Xd oJx\Qerxlff hﬂm& h.u?og sg'?ch g&fﬁfﬁ‘v}\t %

ar o tal ercen
31cChySplbiing a\/ibhhh dﬁﬁébﬂﬁkﬂﬂ)ﬁli .8 aghfof dHeitase ml&b be'WBed in a
2007/ 118158 PCT/ USZOO?/ 066080 functij onal i tg ﬂ _ efl_
ht WawEapiay Bbsilihs cyp lam e iy Bt ghthe URGE & 5¢ a@l%“‘F or
he, }naw% 5 éulﬁﬁgl"l Sud GOPLBAlvaV st GonTmasiH0ad 56°01 &p MBS0 or
assu 8 less than O#.1 t iU and mincluded in
t heﬁfmétl: el lateu k@twcﬁ@bﬂ “Comdl 00 ;gfh i iBanpask SpepBelpr qperating

1%’“ u:fg a?gtﬁ ? p?&afl 2 ma% syye(iirL nEtll \IQTQ‘Q sv\%{ﬁmgd § ml'nﬂlz e % x'n% fﬁOh%’l a

1o S, or contains
as w&hﬁb&&xﬂﬁW@ﬂde@Stltu nt a nonnocyclie or a fused
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ke uueﬁgmﬂhwmdmnc ~3 c. eIecallydro-I
-(axeiitadecain-6-yl)iiaplithalel e, and the |ike.
s,tolc;ctrlcs, with rnonueyctoparaftinic functionality

nme anh@ﬂl‘nﬂ@l lea‘%é]!n% JrBad ink&uidn WorcReOMELl 6y SRISIA 8Wanes
hydr ocar bon group of 3 to 7 ring carbons or any

nol exlihelethestwithgliffagerm nppbeys alynssipplignsglhs mtpicqu(l}am ith
ro&ik%lre'ng 1u§x"f‘oc%‘yoﬂl§§atupa%11L Fraf B &gﬁm% QR ul&pa?’atﬁﬁw & ehhé,
and aromaties. If aramatics were present in significant sineunts mn the lubricant
base oil they would be identified in the FIMS analysis as 4-unsaturations,
When olefins were present in significant amounts in the lubricamt base oil they would
be identificd in the FIMS analysis as 1-unsaturations, The total of the 1-unsaturations,
()  J-unsaturations, 3-unsaturations, d-unsaturations, S-unsaturations, and 6-unsaturations
from the FIMS analysis, minus the wt% olefing by proton NMR, and minus the wt%

aromatics by HPLC-UYV is the total weight percent of molecules with cycloparaffinic
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43) Madfecpies it pulipercipparaiEnic lmeponaligpmegp any \;ﬂa@[_uk gﬁt z<; a fused

198:!’111;%{?%71}') saturated hydrocarbon ring group of two or more fused rings, any
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molecule that is substituted with ené or more fused mulucyclic saturated hydrocarbon
25 ring groups of two gr more fused rings, or any molecule that is substituted with more
than one monocyelic saturated hydrocarbon group of 310 7 ving carbons. The fused
minlticyclic saturated hydrocarbon ring group preferably is of two fused rings. The
eveloparaffinic group may be optionally substituted with one or more substituents.
Representative examples inchude, but are not limiied to. decahydronaphthalene,

30 octahydropentalene, 3,7, 10-tricyclohexylipentadecane; decahydro-1-(pentadecan-6-yl)

naphthalene, and the like,
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E-1, ples 25 Branch NMR Chem cal Shift (ppm) 2-nethyl
22.7 3-nethyl 19.3 or 11.E 4-nethyl 14..3 itetli

wa 20811888 | nternet ethyl 10.8 Internal propy. BCTUSHOTO66080
20,5 Actlacen; rneethyls 16.5 WO 2007/118158
PCT/ US2007/ 066080 4), Estimate relative branching
density et tThi LIB. carbon positions by conparing the
integratedintcnsit o? the pecilic carbon of the

met hyl /al kyl gro tip to the i ity et i single carbon
t-hg@3§%n}ﬁ”qqgahugo trial lat . rai dunmber t?t L ii
p:"r niedl.  u 311 the f?2lil etlil" ~ For th

I-|n t|e cas.. the 2- In? -hyl brancli, where both the

t S;ﬁ;ﬁhegaﬁ%%ﬁﬂg gmem&ra@g@m il o ﬂecp%gggﬁ (ohligh. S Rierminea

b~ ZIﬁxOIIQix’mhyBa:tm;ﬂtgol’(dns,uh*igamd:hm M {]3C)dém1§l acytsrdzln[z ta fhe tcl owing

4-net h ran fracu t ed<a

C ADn A Ba e a CReRDRES Clsti1 B 5 6rETRg O TSP dde detils of

tri H'l@'ijm@&s st%HNS@? £ 2 dek ber@v@bdodiK oMtR inida r&@é-sidmmgn a new

1 cul<ite the average carbon The avci-:g
Wwﬁﬁﬁ nunber may be determ ned wh suff|C|ent

accuracy ibr lubric-,int. materials by dividing the

nol ecul ar wei ght of the sanple by 14 (the fa |l iii ul,

1®>Icjghﬂdﬂﬁu{mﬁClExﬁthEheummnbeffBﬁbhnaﬂchesmmemomm

S S WPyt SRR A L

at oms i spgalLutatedid ramdberosnungersiof. branches per
mol ecul e (step 6) times 100/at 3 age carbon nurn er.

20 8) Estimate Branching Inde (H/,, The Bl is

est l)jmt O\dag ¥ t}? ]nﬁ%ngl\éﬁb‘%‘a ?lrsyl%li iRting @E‘BQUBE ﬁx%ﬁa{& @(}u@&rl}m)i

per cent age_ iniica
1fange &x&mﬁﬁ@&mgﬂmfHﬂWammmgucmmanhﬁilUﬁeMtﬁLéN.

estimte asm al gﬁf&gﬁﬁu }gemt;-fbn%cl C%ﬂl 196> R35E6).

N Assign the various branch carbon resonances to specilic branch positions
and lengths using tabulated and calenlated values (Lindeman, L.P.,

20 Jowrnal of Qualitative Analytical Chemistry 43, 1971 124541

Netzel, D.A., etal,, Fuel, 60, 1981, 307D,

Examples:
25 Branch NMR Chemical Shift (ppra)
2-methyl 22.7
3-methyl 183 0rild
d-methyl 14.3
d-+methyl 15.8
30 Internal ethyl 10.8

Internal propyl 14.5 0r 20.5

Adjacent methyls 16.5

L,_J
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hydr ocar bon conposition. 9) Estiniate Bran{ |out t
proximty Gl"'). | ha BPis estimated by t NVR and
wW@e@3amissl aspen i stage of recurring?i nethyl erPCT/USA07/066080
buns which are four car nore carbons away fromthe
end group or a hrrnah (represented by u NMR signal at
29.9 ppn) anong total ,?ri )rs as est iii4 .d by NVR n
the liquid 30 hydrocarbon onpos;ition S 1~ WO
2007/ 118158 PCT/ US2007/066080 1 i1}' t ':Llculat,
t hehiFr edsGariborativh denclipRGipsityFh ditferspt ¢ %Ff@wmé%sslédofﬂi’“m“
unlts of e n
one, » e FR R 00 e LR e MRyl aroup Rne
gr eat er iwatsho nﬁa cfintgmmeiﬁcmr(ehich & s;w,tatcghﬁnt@mhmmbm of' carbons
term nal neth apch UVIhIn cqrb [ bIAdAES
et ween PFEPIE ‘?‘m 115-3 ‘?@‘u@“}p fthhE P & Fn ”THMF}’ bimc
car bon- 1@e§ﬂﬁﬁt ¥ minkl e Yhedr@ich MRASUSR G AShefs@ink @BRance
a. calculate the average carbon nunber of the
mol ecul essitipn. tivdntansi Wagdiyised by prodhelqry csgimatipg thgibrapeias
the tOl gl 83! PaR . olet/i BLAAK AloiBh 82NN hnMlakhiEkONG Of
area by he aver age carbon nunber ?ron1s tep a.
obt ai n tdostribafeags gk damethiyls npei ba sabfrdeed$e tvomd qtiubl,c chugting.
asure the area between 29.x9 ppmaiid 71, U6 ppmin
he sanple, and d. d vidc ' the integral area per
car bh+" raalfulBmns bQRph carbéh AbERE TP eradeRRHOD Rﬁﬁiﬁi@\h)a}, be
20 Measurenents can be pertbrned using any, .couri
Fr ansf ordeisrNwR! gl et Rep eacupacy fpldyisp E?P“;'F”“{‘"ﬁ‘é dl‘“dm" the
reasur € TRALaE Wi &SR R L%'iﬁgth@ fﬁ&%&t»{f&gﬁh@{utyaVI ng
a magnet or J0T or gre ter cases, afteér
verification by Mass Spectronetry, UV or an NIVI .
urv,.c.

l%p ea r aI ltlwnaﬂﬁ? f%gra{a 5"‘ pu @cNg:qu[(,st 3 g‘i e bsi%fr,he’s Ic%un%tin

1

te. : tawpat ed carbon region, about O 80 pi in vas.
TINI S 25 (tetiarnethylsil ane) Sol utions of 25-50% by
vui;-,,l...it ni chlo roforrn-d 1 were excited by

T3 The number of alkyl branches per 100 carbon atoms is calculated from the

number of branches per molecule (step 6) times 100/average carbon number.

(]
=

8) Estimate Branching Tndex (BI). The BI is estimated by "H NMR Analysis
and presented as percentage of methyl hydrogen (chemical shitt range
0.6-1.05 ppm) among otal hydrogen as estimated by NMR in the liquid

hydrocarbon cormposition.

{o)
L5

9) Estimate Branching proximity {BP). The BP is estimated by Y NMR and
presented as perceniage of recurring methylene carbons which are four or more
carbons away from the end group or a hranch (represented by a NMR signal at
29.9 ppm) among total carbons as estimated by NMR in the liguid

30 hydrocarbon composition.



10" pulses followe( hN a 1 3secondacqui iuon thu .’

In order to mnimze 11011-Urdffirlll intensity data,
wob@7umify i |? nd proton 3ml ,'C elt.| C 'EBCT/US2007/066080

li,m1 was used during, a 6seconddelay prior- to i

ill; excitation pulse and on du.-li-;g acquisition

Sanples were also do ed sb'i .11 {I,t)? t! b, U5 MC 4

et .yt 0, LHLRAM i Abds) hdasyan! Thd F @ i exphesidden ]JEI*Q.l

inteitsd.ies mc Fbst il.ed. f1utal experiment ti

ranged °o8@utRmsi(@uping by Mr&mlf%}ﬁﬁ A7 pign@ Gyrbppas Tone” e

11lhhe' 1 Mi&ﬂl k 5184 5P Bhain

tranaae%gr o ?EF%5WﬁIﬁh§% rﬁgﬁgé$§}§§%£g I -cc

ti' Lllnmﬁnm@wkmﬂtﬁobmﬁynu@hn@ﬂumnaﬂ@nagﬁﬁ:@f@ﬁ@ﬂﬁﬁ?é

\e/\frjplzgsriqé{%%ég %I'?/& %fsﬁ\%?g{ﬁ?%ggﬁo & Ldi‘bdﬂ-‘ qiaitgxl“llim Eﬂ?[ 5\1);@

decay ofpdasecQmsimwsand - U|S|t|on th vc of 1. sceo

ds. The DEPT and APT sequences were c¢' ;tied out
according to literature descriptions del iauions
described | ni.fh D& VAE Lan: 10% ul%glll H&r@ﬁu APGE Aol IRNHAL: §np as
Db' Pl is - ancel nent” Pula i zti n Transfer.

DEF1' 45 sequem@nxves at 1a1 X.;11 carbons bonded to
proton.-. DEPT 90 shows CH carbons only- DEPT 135

]%homs CH and CRRI; up and CH | t) out of phase f

down}. APT i giv Aﬂ&‘ﬂﬂh@d{;aﬂkﬂt lGﬂnteQiﬁ&trf:a (tharadiVigibnye sadd counts)
carbons to be seen, but if CH and Cl-1, arc.up, .the..
cliiaternari 8% USAKEASY serban nypper aTSW‘Bp'ﬁlE’ @éﬁbﬁﬂ‘gﬁl&tg%mi ared
are useful |g$ﬁ%§%ﬂ§y@§%gmﬁganch met hyl shoul d have a
correspondu CH And the nethyl group are cleai:y

identif od by chem cal shlft and phase. Boi are

lgfggrelr tb ?g SI giﬂyg%ne tgle ];1%5 @tg \,n ‘Q? 9&;%91 dl’l-[i% f}ﬁfp%‘&;ﬁh n&mpiu and
using the ices par aIfI717I . Cbrrect|o S

assunption in_ the calcula}lons that the englre saqdﬂ

was wer enot diideadhigiesil FLPT SPPIHEOB R REOREHEE

icli may havggp@gﬁxﬂhg lit iii the oil sa.nples |n
raryitw, aranurts, The naphithcnes eordenlrtay be

nmeasur ed u5|ng field loni?<iir is M™ |, c tray opt

neans, a. | i / t

i(,\} ;\//gi\,a%léc‘fnbtélg c)%X L@L %f:rté)rvfled iing aIQ¥ 4 Lgii?hu%%hﬁg\gﬂng %}é@ rﬁﬂtlﬂ

br aPﬁ':lik@leyS AUh@ketn oY @&r&fmﬁmm y&ﬂstgcz(:s@ehﬂmmcadiweag a ofasnet of
3 to 8 carbon at _nms. Prefera

o T ek PRI B R AP bt U Ly hps MR
ar e (ot thai el L Qburﬁﬂve%ﬁbse?!ﬁ' Gh: @Scietih for @l " NMR siudies
n-propyl, 1sopropyl, n-butyl, isohuty 1, sec-butyl,

t. buwyhmnnipehxvmwﬁahﬁﬁWﬂﬁEwa%émiﬂ8OPWHVS T™S

25 (wetramethylsilane). Solutions of 25-30% by weight in chloreform~dl were excited by

L

30° pulses followed by a 1.3secondacquisition time. In order to minimize non-uniform
intensity data, the broadhand proton inverse-gated decoupling was used during a
gseconddelay prior to the excitation pulse and on during acquisition. Samples were
also doped with (.03 to 0.05 M Cr(acac); {tris {(ncetylacctonato)-chromium{ill)) as a
30 relaxation agent to ensure full intensities are observed. Total experiment times ranged
from 4 t0 8 hours. The 'H NMR analysis were also carried out using a spectrometer

having a magnet of 7.0 T er preater. Free induction decay of 64 coaveraged transients

34 -



25 The foilovdnLr y e\larrp es arc included to further
clarify the invention but are not to be construed ai;
wW@2007ntd1s&anons ; on the scope of the inventi onPCEUYY007/066080
2007/ 118158 PCT/ US2007/ 066080 E tan-i a_k | Aiil>dre
ti eated cobalt based Fisc per-7.ropsc h -,vax had the

toll oWng aar ~+ Fti. 5 Table I PropLrtitS T -
n t |
w:t;rg lagilnrﬂp mz;{%g ae ﬁlgl;‘lp; ig‘slpl-f-au?}ny Jbvﬁ]geiggglgp g»?glrzfggf 3 qemmﬁy and

"YQ%QSEIEI@@%%QOHilseggndﬂ 1i1 hied Flseher-Tropseh w x
by h'drt7isoi-nerizz}tiv!) 1. ,v 3 ;il g hydrofi

cishng. fwvdltiClnatirtg, and blendlng_to a viscosity
Tag?lgcel?u) 1%@'{‘9‘{5%q ?éﬂLLS?«?’qf“ E%Zergrlp : ug&%{ntg'nj%%o ?f&lr%ﬁi{‘@\ﬁ@schﬁtions
Pr opehn ies diidfiods c&:smm R o é"atich‘l {tr DEeCppesing.3B86als. DEPT is
\él i@%};ﬁiuqleg wﬂbaﬂcm)mf By I 5& &,l;‘ziétlﬂﬂl}daj}sf(é OFhﬁDLP/ S%q’gse%lue‘n_g%gives a
906; g*‘dei Qa";’lgdng Sondsd tlhr&io8D DEPTI00 shows CH carbons only. DEPT 135
shows CH and CFH; up and CH; 180 out of phase (down). APT is Attached Proton
Test. It allows all carbons to be seen, butif CH and CH; are up, then guaternaries and
10 CHyare down. The sequences are useful in that every branch methyl should have a
corresponding CH. And the methyl group are clearly identified by chemical shift and

phase. Bothare described in the references cited.

The branching properties of each sample were determined by BC NMR using the

15 assumption in the calculations that the eutire sample was isa-paralfinic. Correctipns
were not made for n-paraffins or naphthenes, which may have been present inthe oil
samples in varying amounts, The naphthenes content may be measured using Field

Tonization Mass Spectroscopy (FIMS).

20 "Alky!" means a linear saturated monovalent hydrocarbon radical of
1106 carbon atoms or 2 branched saturated monovalent hydrocarbon radical of
3 to § carbon atoms. Preferably, the alky! branches are methyl, Examples of alkyl
branches include, but are not Hmited to, groups such as methyl, ethyl, n-propyl,

isopropyl, n-buiyl, isobutyl, sec-butyl, t-butyl, n-pentyl, and the like.

2
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EXAMPLES

The following examples are included to further clarify the invention but are not 1o bs

gonstrued as Hmitations on the scope of the invention.
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1 Rtatl. 0" 1 22-Ring 0) 146 3-Ring 0.0002
4-Ri ne 6. R|n57 1.if"'.31 Total \Mt %l Art maL L ti.O
W@2007)11815¢ i 't 01 ri;,s 1.45 F IMWt .'/ Al KBET/US2007/066080

1tn-|"?irrii ion 2to Jns | |?rations O O ..1 oval
100,0 Total wt.% Ml ecules ~vlitlt C yslsparaffiinic
272 Fllllceiil'.l :litN, Ratio o Nlonocl IU) i1 8~

tli_to idtic "clor .r 11 ins >100 inthe glSa 1c !'t.
VI—\§—H#(E"15100) 109 rractinrl Coe fl i oit 115
:S# 0'. 3 WD 2007/118158 PCT/ US2007/ 066080 Exar

1p1u- .. Three bl ends of gear Iubrl cant using the
FT-7hiroieaeied srlion dawd Neha geueh v *‘Ltﬁ&ﬁ%@ﬂﬁ“*’@@ properties:
antiwear additive packages. The ear | ubricant addi
1ivC p ek ges ¢ ,nttn is: ci sult=ur. 5 phosphorus
~(S/ P) and a st abl e dish ..r3kblelof hydnxtcd rni:,~.|I

,ctalt LT "i | di |PPwessss conbined withjot': ~r
avdr ? tines. 1' | e 2ddigtn. yes _use(: [i99.2ni AR and GE: . RB
vi'cire the same tKoée ppinsc=d ii,, <6i;t;lintici 1
proldul :ii'in of (I hewatioby GDcdfs ' IKp.OLear

Lubric:ai ?ts 1.S1R The additives used i n GEARC wer e

he sanme as _tlio se used ip corrniei’

of TREVEENT DEP: Visymape 408" B By dgrtEaiee Fyba %@f@ﬁ%w‘fgeiqﬁr&wh wax

S| (lgx)h\@Fm%a}ﬁl@gia%ﬁ?f\ﬁ%\%g ltx\r"}ﬂ%%kaslr&?m%%y I8 blending to a
Cor porat i on ~~r nIi ces of these three gear

| ubwwammmbu Eimdssg cﬂélmshnmqr’fxé@% srovnab(lebledls. Tabl e

AT O Tt3 c:di)~t t )& GEARA (LARd~ cY -' KIEL:

Table 11
CVX Sample ID
Sample Properties P73
Vigeosity-at 100°C, ¢St e 1336
 Viscosity Index 163
Pour Point, °C 20
ASTM D 6352 SIMDIST (wi%%), °F
5 742
10/30 TTI/858
50 : )
0/ 96 950/995
95 1011
I-Ring 0.02312
2-Ring 0.08446
3~Ring 0.60028
A-Ring 000032
o-Ring 0,00001
T otal Wt % Aromatics ) | 002819
' Wi% Olefins 4.45
FIMS, Wi
Adkanes 728
I-Unsaturations 272
3 to - Uinsaturations 4.0
Total 100.0
Total wi% Molecules with Cycloparaffinic 2722
Functionality B
| Ratio of Monocycloparafiing to Multicycloparafiing {  >100
Oxidator BN, howrs 24.08
¥ in the equation; V1 =28 x Ln{VISI00) + X 109
Traction Coeflicientat |5 o8t L <0.621




ai.? 1" ;1. 13 alit FT A-1-Ative 650 6.50 4 1] f1

t161 4 15 {_ i tug Lei J it ek i 5{) " _.... is 1'")
WGI@7/1M188 F oi 13 "pint Depressant fi_ Tif 0.'POI/0SB07/066080

r-- 0,08 0.04 0-60 i & 'rr ion Inhibitcir
Aitfi'lb_fii A vent 0.0" 0.02 0.01 D{s o
ankl d7etct0,00 0.24 0 00 - - --- ----

D1 ek d I|It U)oo 15 r Euti | 101) .51 1[11}.1)Q
| W00 Tee 1 ° 11d+_5s. 3t |||1}| 1 ,T1it 3.E1G ]ryit
;' .30}~ .""[ r{airoinatic, D> 49 7h 11 ¢ 1 4 U

£ -'C-r y’ ltl &) & >
| e oot A v s T St
m:l nitiwSriadditive pe wkuglen dhc bop fubrigant idtdieve pagiagerctopypriped sulfur

ﬂ er \?\é%’}%@sigg} fndbargs E%%‘Qka ‘g'to gxcggtép d!«;ﬁl m?ﬁtﬂgmmél"f’ Widitives,

Thecgptrope rutmhemeﬁdehheﬁ ehk lasﬂ’cﬁm e@lus:fu if asmmg:eard GEARB cant the

bl end: are shown in Table 1V 2007/ 158
PCTHUS20 BPPOB60 B TREIY Pfr\f#ﬂ@iﬂ& 0& & égvrqu* é\qp (s tafieans

G-A&K?Rs’i g@%ddﬁﬂvs&%eé i GEARE: Ne%olhc 140 Ri:s00sca 1r_§\%mmerciai
production of Chevron Delo® Trans Fluid ESIR. Delo® and ESI® are registered
10 trademarks of Chevron Corporation. The formulations of these three gear ubricant

blends are summarized in Table {1L

7 Table Hl 7

Component, Wi 7 | GEARA | GEARB | GEARC

§/P & Borate EP Additive - 650 | 650 | 430

F1-7.3 - 49.75 11.61 4045

Citgo Bright Stock 150 43.25 51.29 §3.2%

PMA Pour Paint Depregsant . 040 0.320 G:80

Carrosion Inhibitor B 7 0.08 .04 0.60
| Antifoam Agent Q02 ] 002 0.01

Dispersant/Detergent 7 000 0.24 3.00

Antioxidant .00 .60 0.15

Total ] 100,00 | 16000 | 100.00

Total Wi% of gear lubricant hame <006 wit¥e aromatics, > | 49.75 Fr.el 40.35

20 wi% total molecules with cycloparalfinic fuftctionality,

and & ratio of molecules with monocycloparaffinic

functionality to molecules with multicycloparaftinic

functionality > 12,

15
Citgo Bright Stock 150 is a petroleum derived Group I'bright stock produced by
solvent dewaxing.
The properties of these three different gear lubricant blends are shown in Table V.
20



it:- iijto- (c,”} | 1.111 2532 p Y 1 BIt I*I i< z; |

Tcl.iicl "a isccits, f t1> 2z t,f° 35650 | arii
w®2a01/11888 0' 0 0/0 Seq 11 0/0 0/0 10/0 SO 111PQr/0S20T066080

0O/0 Cu Stria Co rrosl ;'i@100,C for 3 flours 7 2C 1

t E~>osit.e -1-6~ 1" 3 ilf~a ,after 20 \"weeks at /0

210 2/0 4tor E . tit itji Ii Ey after'0 Uer:14--1,1
66:‘93 2/ 2+ k/ 0 2/1 .:.26 2 fmdi - --- 11 2199 1408
ij:’fﬁom gLt ”A“"}“ C P XG RATETE GEARB - [V ICHAARC
| RSREN e Grade Y P o & fXCel el geargiwos
L LRI ppd Ot g art1ypes ~cl VO GVEATHY 59 14.51
'”fdg@@omms@rm o g it Etnd gegrsy [iey= Are | 365
?Elﬁrbokftli Viscosity or, @1 2° SN 4 /iC it '3%5*%1”“ ! S
i1‘1‘E the-{~"ttser: ')!-‘.’IlbIUl the
750,'000-mi I's exta 1cd tva it NTY PEO-raming 0/0
Delna/ Spicer axles. GEAR @ %9 neefs the regy renent syg
for extended serV| ce in Jy 1§ or ag;,ﬁes flor 5Q0, 00 ril gy
I

oi edi=ar it ,ﬁm}gea y sui ted(for I =Tav duty
rnurt T a‘f ?| ARST hi s51 0Ns Eat onjg 750, (x0Q-mle 104y

11%

extgnded (“hx T for{transmisgion fuids.
GEA% ;111) 1;‘«@;%95‘ 5 %ﬁ?&kﬁ T e‘l/@X_anFl e'}lf'{pf the s
ged‘rlorj.ié'é‘ﬁibﬁ 'Em%x ”‘6'\&’&\, ‘1 ﬁ6$°ﬁven ron—wth very v, Brook

fi cg‘gmj},ged 4 ative to thebr kijnemayg c 211

Vi | u%ll.leb AT three of —them Bgve g " BrapkTi el d R

t B[;q%m Brookfietd Vistosi Uy 13, 1 fugsC 24938
di ypdedr y—t%ewﬁ KITienatic VisTtoRhgy at Lam4L) 11138 3
or “equat—to-an—=fiottitdefined by the equati ot

GEARA and GEARRB are excellent gear lubricants for all types of automotive and

5 industrial bearings and gears. They ate suitable for top-off of mited ship differentials.
They meet the requitements for the 750,000-mile extended warranty program n
Dana/Spicer axles. GEARA also meets the requirements for extended serviee in
Meritor axles for 500,000 mile ol drains. GEARC is ideally suited for heavy duty
manual transmissions. GEARC meets the requirements for Eaton's 750,000-mile

10 extended warranty program for transmission fhuds.

GEARA, GEARB, and GEARC are examples of the gear lubricants of this invention

with very low Brookficld viscosities relative to their kinematic viscosities. All three of

them have a Brookficld Ratio (ratio of Brookfield Viscosity at B, in °C, divided by the
15 kinematic viscosity at 100°C) less than or equal to an amount defined by the equation:

Brookficld Ratio = 613 x e 00T« R

Their low ratios wese surprising considering that they contained significant amounts

20 of Citpo Bright Stock 150 and no viscesity index improver. Additionally all thres of



Brookfield Ratio ;:: 613 x ei-c O fhei iotii ratit,s
cct_ SIl-p 'sill~ Cs i;;;eungthattht=~" ait-d

WO 3v/114158 | cant uni x nhs 20 of Citgo Bri ght St oRKI/LS07/066080
and no iscosity index inprover- ckltLionally all
threw. of 38 WD 2007/118158 PCT/ US2007/ 066080 it

:c:111m Ig, and good copper stri p corrosi on ti; :-

LR 5l B ROk Hoberhgrb Povismrgia sorosn
ar t ¢supk. JuReseBXAMak@sity inG improvéy madzaa&EARQJﬁhP:h ohadpks
nore than 12 wt % of the, base oil, based on the weight
5 of the total gear | ubri cant, havi ng the nore desired
Pr 0BeARKERd G‘?‘A RC toth @éu h&S Tah hamﬁ oD BeBhsedfil, bAs8d on RaRight
20 tvt%total noleL alc s tj'iil"E rc ft p,7| 3fOnic
Tt ubl thd torhgdat lubricany, favihg de mO& tka}!ﬁddﬁmﬂrmwi |-ACs with
roc n c yelop tr }tip Ei functionality to nol ecul es
with inulticy' clopairallinic fun,~tauriaiitti’
_ia) - - aak@shbaw vi%.arombiese exanpi c1' \\oeld have had
even better properties if they had been blended wth a
15 base oil having less than 0.5 wt%olefins; aid w
ity a hﬁbagcj?‘ihaﬁt')@‘?s@ tt&ﬁt.nélauﬁjs%ch 1%099;%@!(’ Beifttctionatity, snd
reduci ng bl'ending conpQtent. Exan-i at: 20 Three
ionparati ve bl ends were rrade usi ng conveofl onal G oup
:‘lé‘ dik:)’? |SS ea%}gxléos f(il (ﬁscu%&. wnf1 cb mmlopglgg’{n nl_ f:d}é Bﬂ\ﬁ%&ﬂaﬂmolecules with
Exanpl e lﬂuiuaﬂh’-o@amffﬁiﬁl’ffﬁJh@bhﬂmﬁgl@;ﬁtcﬁthﬁsl@. conpari son
bl ends are suni~n~.ri ;~rl in Table V. WO 2007/118158
PCT/ US2007/ 066080 Table V 1. Conponent, W, d
Con@hw@@%plés wjtmlnd/h-gM &;W T bett'&zt Sopehiesht thbg hdd' berlbleddel Ivith a

SL O racle LEON
15 base oil having less nam (} 5 w‘t% OICﬁﬂ‘-} and with a bright stock that 1s also a pour

point reducing blending component.
Example 3:
20 Three comparalive blends were made using conventional Group 1 base oils, using the

same gear lubricant additive packages as the blends described in BExample 2. The

formulations of these comparison blends are summartzed in Table V.
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The properties of these three different comparative gear tubricant blends are shown in

Table VL

..5_‘(.:(_‘}..



-- e - - 1= o~ an
Sc. 1I 0/0 0/0 0/0 S$'1 11100t /0350 ~~~~1 1[I "
wWO1®7/1818 0/ 0 Cu Strip Corrosion -1?1 00" C f or PGI/HR200F066080
| f3 2L 113 at J ~* -i,yb,.,t ,1ti,n" .t 0. 21)
Weeks, at Roam l~xal ~Cvri! It _|:tc "linrd at ?10 2/0
2/0 t~ a; tr3lailit} after 71i 'e,,',;, t66-1c, | iol

ul St i i Taet 2/1 2/2 4l B T o oo eeeoes
Br ookfiete—Rati-o—4575+ 448 0¥0s 20841 3 0 5 e
Froaneries . Cony ‘Hmy Comp.
con%'eé{tff’ve b ods rii ado ia. sln,, sirenfThase NP
oi F-s-di-d-—not—have-the tl—ire-t-| dﬂz |.%Grfi,u;?§§?? (_"”;E‘ﬁ:'R'r
Vi éu;‘??gf"f obatiy—tothet—ine-a b PN devie g SN0
iCosifyal Q0oL hi e 19,23 T A2 14.53
f SRR P ant s—of—thi-s—i-pvertron. AR of—the
b ke Sty 2 . g {7300
had_ 8 Bf 60 d 'Ratio (ratio of| Brookfield Viscosit
at f?ﬁ‘ir'i ktegl ot~ p-ati-€ vi”"s‘*‘e/" i
[1] . 'b-« & .\-' ‘\: ."’ )-'. ) . ‘-\Jl\;l ‘I\;: ] = hd
1 t,\r}0 "f;égt eP"Pfan an anount defj ned by CY. lve
12 + 10 £+ - | ) —A19.
th q% cattron—ro—+ta,——r 1+l O=91o-S
e- dBWf ey None of them cont z{gi,]ned )y ofit | ag 0 0
preferred base oil with: a' {e |E8S n Q_06,w % 1570
arpnmat i cs, 15 b) ciet r fl :ﬁh. ' . tol{"a111301 0/0
crihtss Ot E Tt 2 1371
?u? Cormmo (Tukfrhl’(f for T Houes ", . Fini
<l Tl ‘)] nol ecul es with ocycl op@raf i ni g,
+h n_ o~ ..
thnetd e mat }m 3 Hm‘rﬁ Wl §% mlr‘n" ' t+gych-opar
. 243 . :
f 1 e ka1 tygreatertloan 2 [T 20
Storage Stabth‘} dﬂer 20 Weeks at 66°C,
LiquidiSediment 2/1 252 411
g
B2C S =26 -1z 228
Brookfield Ratie 7 4575 11428 5334
6laxe! Wb 37833 | 14199 37833

These comparative blends made using different base oils did not have the desired low

5 Brookfield viscosity relative to the kinematic viscosity of the gear lubricants of this
invention. All of them had a Brookfield Ratio (ratic of Brookfield Viscosity at 3, in
°C, divided by the kinematic viscosity at 100°C) greater than an amount defined by
the equation:

10 Brookfield Ratio = 613 x 0979
None of them contained any of the preferred base oil with:
a) less than 0.06 wi% aromatics,
15
b) greater than 20 wt% total molecules with cycloparaffinic fanctionality, and
c) a ratio of molecules with monecycloparaffinic functionality 1o molecules with

multicyeloparaffinic functionality greater than 12.
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1000 °F. The six different base oils had the properties as shown in Table VII
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150.0 50 ;@smt Ra . 1o thelklinc@htm Hstoseart 10OAC, inveSt, wasnme@ley than a

1.t il
) Base OJI Pourol"ag,iox \\931411 the. g@ se %1 I Pour Factor 1s defined by the
cauation:
Base Oil Pour Fagtor = 7,35 x Ln(Kinematic Viscosity at 100°C) -18
20

Al of these base oif fractions also had traction coefficients less than 0.023 when
measored at 13 ¢8t and at a slide to roll ratio of 40%. Surprisingly, the FT-7.9, FT-16
and F1-24 base oils had traction coefficients less than 0.017. FT-24 had an especially
low traction ceefficient of less than 8,011, The lubricant base vils having a tragtion

25 coefficient less thay 0.021 are examples of base oils that would be especially useful in
gear lubricants to save energy. Examples of gear tabricants where signilicant energy
savings would be achieved are heavy duty gear lubricants, EP gear lubricants, and

wormgear lubricanis.
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having: <0.06 wit¥%
aromatics, > 20 wi% total
moleciles with
cycloparaffinic
fungtionality, and a ratio of
mbleculas with
mongeyeioparatfinic
functionality to-molecules
with multicycloparaffinic
tunctionality > 12

10 The properties of these six different gear lubricant blends are shown in Table VIIL
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13<' h) greater than 20 wi% total melecules with cycloparaffinic fanctionality, and

o) a ratio of molecules with ménocyeloparatfinic functionality to molecules with
multicycloparaffinic functionality greater than 12. The blends additionally
comptising a pour point depressing base-oil blending component prepared
from an iscrmerized Fischer-{ropsch derived bottoms product (GEARH and

GEARIJY had lowsr Brookfield Ratios than GEARG which did not contain any.

Example b

Two comparative blends of SAE 75W-90 gear ubricants were attempted to be made
using the same base oils av used in Example 5. The formulations of these comparative

gear fubricant blends are summarized in Table IX
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Beganse neither of these blends achieved a maximum of 150,000 ¢P at -40°C, they did

10 notmeet the specifications for 75W-90 gear lubricants. Instead, they were 30W-90
gear lubricants, Althougl: both the comparative gear lubricants in Table X were made
using the same base oils as the blends in Example 3, aud had similar high viscosity
indexes, they did not have the excellent low Brookfield Ratio of the preferred gear
lubricants of this nvention. Note that both of these comparative blends contalned a

15 higherameunt of base oil {greater than 22 wi% of FT-8) having: a sequential number
of carbon atoms, less than 40 wi% total molecules with eycloparaffinic functionality,

and a ratio of molecules with'monocycloparatfinic functionality to molecales with
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A. distillate inaction ',vas selected having the
properties. described in Table XL 1 10 Table 47?t1111

W@ 2002319188 ti i r 3 O t. St: }.7417E ~ | ndul. RGRUS2007/066080
t'njnt f I a Pour | }t7l 4,'t % Arolnatics 0,0168
W-/"+6 Aefins 0.0 FIM, Wr% Al kanes 583 1 Unsatxir
tions 34.4 2- to 6- Unsaturations 7. Total i 00.0
Total :vi6 M_|tcules thQ/cIe af. ff
un, DA GRRPIE w%iuﬁfmf K 6Fann ggéﬁeﬁa v JAFRR samg 8i the
MHLR& BasE olid uscgl 1117thl~.9%mx?ﬂnot BN hcui.; 45.42 -----

|nthe Jttiati. 11 =Ln(MS) 00 X 1052 Tractlon

t oeffic.tcaat at 3, St <t7 1321 FT-7.6 is an

C. >, alﬁnp,l7e of a base oil i iade fromwaxy t eJ having
“nlpeater than an | amount defined by the

equation: VI = 28x Ln;riiicmatii. ti ' 60>) + 105. It

al so_has. a ver Idowtratr nfficg t
A bage Ojlwaa prepared by hxdrmwmen?aﬂon ﬂmmnw

Q‘S{J mix of Luxceon 160
petroleum-based wax and Moore & Munger C80 Fe-based FT wax. The
hydroisomerized product was hydrofinished and fractionated by vacuum distillation.

A distillate fraction was selected having the properties described in Table XL

1@
Table X1
Sample Properlies FT-7.6
Viscosity at 100°C, ¢St 7 7.597
Visgosity Index , 7 162
Pour Point, °C. N «13
Total Wt % Aromatics - 3.0168
Wi% Qlefins 7 7 8.0
FIMS, W%
Alkanes 583
1-Unsaturations 34.4
2- o 6- Uisaturations 7.3
) 7 B Total 1000
Total wi% Muotecules with Cycloparaftinie Functionality 41,7
Ratio of Monocyeloparaffing to Multicyeloparaffing , 47
Crxidator BN, hours , 45.42
X in the gquation: VT=28 x Ln(VIS100) + X 105.2
Traction Coefficient at 15¢8t L <P.021
FT-7.6 is an example of a base oil made from awaxy feed having a V1 greater than an
13 amount defined by the equation:
V1= 2% x Lo{Kinematic Viscosity at 100°C) + 105
It also has a very low traction coeflicient,
20
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WD 2007/ 118158 PCT/ US2007/ 066080 Three el ,iicrn_nt
bl ends of nultigrade autonotive c it ii; }t .c. xi?t

wQ Tao7Ateas$H| ended with either the FT-7.6 det ai PELUBI907/066080
ca:tnple 7, or with FAQ, The fornul ations of these
three gear Iabricant:s are, st:t7~rt " L ei in Table
XI‘I. Table Xl 1t11 RGEART Qt ~ttn e rttttt

[ o r,..cl

75W gee dﬁ@‘é%rr mdvc ?iﬁlzw* “%ff"‘ﬂe TR év Fihg &ﬁg%é“\\@‘t‘ﬂ%ﬁ*"é‘

7 9&ch @@ﬂ 796010180 AteRalERe bl ortvirh ORI tHe TorlbrulatiBds FARGe three
, 1OU uSt 30.30 24,06 0 2, Or E GE uBitgit

St owr lsGcipts PR spngiagzesinggbig&llon’ | otal T 1 0 0 100.0

10C).0 EIIDfilmthickness data was obtained with an

EHL Utra Thin Filmkleasurenent System from PCS

jdnstrunents, LTD. y JeasurcimehtSliwere nmade it |.

O' { Chmpotstnt, Wizi ng a 10 polished 1@omprEasdican’ G4k balEART

( SAEAALSIe 52100 steel) -freely rfotaswag on a’fwat | 75wW-90

gl aS&r [ ehrskat 8ddidve Packidelwithtat N" 1jur rraws ;tc. pacer 7.96
| ayBsratd EP 6B00amitchi | ] and semi-r' ~ f| eetive cl¥s
{a|padbtensd :s r. r. I h load on thei.hall/diske%i |20N
respabtionegin an estirt ate average 3e®ntact stoessi"f @

(-)CheoBr@n@Rakamnd a maxi m u#rigontact stress of 0450005

CParr-fThe glass disk was rotated at 3 netefs/&s6 aff a9.99

slidaato roll ratio of 0% w th respewic to | heisbeel] 1%0.0

balT. FiTmtl ickness nieasctr s Sts ~}. ere' based on
ultmathixn filminterterotnt irv itsin white |ight,

Thegpppti; Qﬁhmﬁdulssrﬁdam& oBiRESSh M A weSHd | m v 181 Measurement
converted toreal filmthickness valu' frotri t1 w

t eFB2eeni fremifa @i lowomenist RED. dildagurargenipaem made byl 2470, utilizing a
oln\;é\t %.acp {})arbmpi?abr%tntx bLﬁ é\fﬁt AIST%&O%K{G@E) fx%gl? &a lrer)n-I:;atmt %1

i ti sk cdatdd wu}ﬂird'ﬁsparerﬁml.ma spacer layer [~30GUnm thick] and %ml rmﬂect'u
chromium layer. The load on the ball/disk was 20N resulting in an estimated average
contact stress of 0.333 GPa and a maximun contact stress of 0.500 GPa. The glass
disk was rotated at 3 meters/sec at a slide to roll ratic of 0% with respect 10 the steel

1% ball. Film thickness measurements were based on ultrathin film interferometry using
while light. The optical film thickness values were converted to real film thickness
values from the refractive indices of the oils as measured by a conventional Abbe

rafractometer at 120°C.

20 B Table X1 7
Gear Lubricant Properties Comp GEARQ | GEARR | GEART
Viscosity at 100°C, ¢St 14.26 1427 | 1424
\fm osity Index ‘ 157 160 22
| EHD Fibm Thickness, nm (@ 120°Cand 3mis | 1236 | 1279 148.2

Noté that the addition of the FT-7.6 base il improved the filny thickness of the

awtomotive gear lubricants compared to the blend having only PAC.

b2
[
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27 1, ?-1 Viti i ttj .fit S<I1"L tilt 14.°5 14.27
t iscoslt'r Jt3dt I 160 1 LI Il Fifini I QG ,knss
W(nm)e/lmlsss o tid-) ills i. 6 1279 [ 148.7 P¢TIU&20[)7/066080
'thy Note that the addition of the. FT-7,u bas
0|I improv,-d: tH 21m autonotive gear lell,: icaln)ts
conpared to the blend having only PAt). 2 5 -49 WO
2007/ 118158 PCT/ US2007/ 066080 Thrt:c bias::, oils

t hdtemalg-% o tt ion i.e[ | :tcnt. nade according t >
tha ,cachin s to applic.if,ts' eat:licr patent a
rVIt4 Ettions are shosl-t1l |n Table X1\'; FT-7., 'vas
d| s’ﬁﬁk@%@t @lsithnt v lopapein kAidellt%tatﬁdéﬁa@alﬁffiﬁd‘atlﬁto‘?ﬁmm‘h‘f n
ci’gp axétcl 9&% a@e%t %ng 5%959341;]0%91QI1 s‘gﬂ_is 1&\' Ia1n§|9§ wlib d&@lmed
ﬁf | lied: ‘Dé‘mfembe;rp 17@&080@51@113?&11%%70(15(712{3408 timd 100&‘3’241990 FT-14

Pr up 14 FT- o
‘1@ wege 1? Iplpse ‘_’[‘égief%ﬁm%&mmﬁ)g {J Jirrg%1 @?d Ij%em’birz'}?’ 005,

16‘”3
.-1 ASI'M12 ,~" al 1DIST (W /a), | 50 919 1045 1072

Total V4't 1/o0 Aromatic 0.0058 0.011=4 Wt% 01:"'titl
0,53.1 r 0.12 _FIMS, WU Trafd¥t  tons >10 40.2 38 1
2- 10 6 L i:-, SatplPapirtnc. s2 0 8 0A Fl-785: | 1FIthe pufd:l6
ti 1d_C' ;3 1Viseohitylst100°€{dS: ctiorlal it 793310 37167 38A 1648
Rat{o ol P, tt EoGyeixBiex~ E al~#t 3i: tl§35 ;| - 196 |~ 143
It | t~ .l n~~; HotHofint’és -l ours Not t:=i2"tcd 14.89 -16
=129 ASTM D352 SIMIMST (w1%), °F
30 919 1045 1072
Total Wi % Aromatics 0.0058 0.0414 ,
W% Olefins <0.5 3.17 D.12
FIMS, W%
T-Unsaturations =10 490.2 381
2--to 6- Unsaturations <2 0.8 0.4
Total Molecules witl Cycloparaffinic ¥ unctionality >10 3783 384
Ratio of Monocycloparaffins to >5 46.3 g5
Mubicycloparaffing i
Oxidator BN, Hours _Nottested | 18.89 429
X in the equation: VI=28 x Ln(VISI00) + X 1069 83 s
Alkyl-branches per 100 carbon atoms, by NMR 7.91 8.38 8.41
Traction Coefficient at 1S ¢St 0.017 60135 | <002
C13 NMR Branching
“Branching Index 22.68 21.08 2172
Branching Proximity 2349 24,01 15.07
10
Note that neither §T-7.95 , FT-14, nor F1-16 had the preferred combination of a
traction coefficient less than 0.01 T and a 50 wi% boiling point by ASTM 1D 6353
greater than 582°C (1080°F) of onc of the embodiments: of this invention.
15 Allof the publications, patents and patent applications cited in this application are

herein incorporated by reference in their entirsty to the same extent as if the disclosure

of tach individual publication, patent application or patent was specifically and

individually indicated to be incorporated by reference in its entirety.
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Xinthe &t ~ oil: " I "4 . Ln(v V5100) + A 166 .9
70 5 A kyl-brancf e~, 1.1 10tt :a~lItt E by MAR 7. ?1

wW@2®7418158 : T'r c.| ti rt' '"t>ett ¢ ~t at | , ~PC/USD07/066080
017 ?1 [ t 35 <0,021 ....... SR I '1 vlii 1t
;annLhing Jran...On' |ndex 22, 68 21.08 L:1.°
I3rtincl.ir I't~imt -- ° 23.49 241.11 |~ .07 10

Note'tltat neither T--7,95 ;,FT-14, nor FT" 16 had the
p r e‘ﬁmfrrecdhmmnbmh e |t,@¢m;ﬁ;ﬁw1f:mbp¢1 acttk ohthe g@‘fvﬂltiqmdflﬁt.h‘ﬁ%d thove

S\,glll !étté"[dg{ vcﬁt{ Qjﬂmishkégfiaﬁggdw %LCOI‘#IYN 1y, tl?onwﬁ]t*gn 13 to bzl:
e Nlordurued kbnelhdibgdll st@btutd Aol 1*1'12510& thist fall within the fdopoof thibe

[ ubllrrttlons pate=it5 ajid patent al~11l=ca ions
ci t¥BIR RIS applic ttion are i.crcin inc<Ell ?t= I:

t Ict' nceintheir emr .t ;' t~ the sane extent a..

i t!'~: di ac losure tat a co t-reblication patent
[lpplic t LIn or patient was sp ei.lleal1' and
[t3diL"1 11 14" .iilill:aLi to be incorporated b refeie
c,einlts entirety'. 50 WO 2007/118158

PCT/ US2007/ 066080 | ianv tic; xifications saf the
exenpl ary enbodi nents of the invention disclosed T{
ove wll iitadLiY Cc.~ rto those skilled in & c-art,

Ac;?21diTv; ly, t1?2Gu itionis to | CO1I SMLO. 111:f n
is hiding all structiir : and me-khod:s that fall.
within the scope of the appended Cla ns. -'51 WO
2007/ 118158 PCT/ US2007/ 066080 WHAT IS CLAIME IS 1

A multigraa<. autonotive gear lui ¢ :ant, snipri ; 5
a.. between 5 and 95 wt % of a base oil, nmade froma
wa: y feed, having a trtidi;+,i ,voefflcient |ess

than 0.021 when neasured at a kinematic visco6it of
15 ¢St and at a slide toroll ratio of 40 n. b, |ess
than 2 wt % viscosity i "ide-, 2; :P -over or other t
s:ci ,er; anti 10



c. an EP rc.ir lubricant additive. 2 The gear
| ubricant of claimwherein the gear |ubricant has; 15
WO 200/1k&dserr itic viscosity at i ()Cct great erP€HES2000066080
cSt, and. ii. aratio c&rookfield viscosity in Pr
easurod at ten perature ri in C to tk-oe
l:iriet.iaoc vi cosit:y at 1t?ii"Cless than in
anotirit defined by the equation: Bi'ou-Held Ratio *;
1 WEARISGIIMER WS: and , vherein (3'- -40 when v, the
tea lubricant i an SAE -26 when the gear lubricant is
i SAE 80W'r :, and f3 = -12 ,'hen the gear
| ubt.i c. at fbiticSdan:ShAdtive b BGcaThengeaing! ubri cant of
claim11l, wherein the pour point of the base oil has a
ratio of pour point, in C to the kinematic ivcovity
at 100" G, i npGRten s ar@08aEESorbbAR oill mBAS Borh hvalkPBid, having a
Factor. v here the Base O | Pour Factor is defined
t he , C_1i anotrip¢iiof coetiigent luss fopg 08U wheTbm@'xstn{?d gha kingmagic)
\Tﬁé: I ggar JISLPJ}%?OE%%% 15 LS?%QI?N%&Q«%HDnhll&@&gf »IUL’ . 30 4,
ki nematic viscosity at 100 Cis greater than | 3 cSt.
5?7. WD 2007/%18158 PQJ/USZOO7/0660§O 5. [
| ubricamt of '€ Gk VoV PoRy R EHEE 18" d‘r%é*b%‘ﬁ‘ﬁ“é@“iﬁdﬁf
hS greater than 20 eSt. 6. The gear |ubricant of
claim1, wherein the gear |ubricant has an LElI-ID
film teaa kopf g dbrigint gdaive125 manonmet ers when
nmeasured at 120' C and The gear |ubricant of claim1,
wherein t} e L car lubricant is a transmssion fluid,
an ari | sTHeubsrildaingyt obelaian divitkein tht pearjubkipait dis: 8. The
gear lubricant of claim1. additionally cost pr-isin
one or nore additional base oils selected fromthe it
1. - p ofi C Gah@badidviscoSitiCatiiPo°Clgr@ek ioheuntderd ved
Group 111 nol val pi aolelir!, Ls r, poly'gl.yvol, p.
I\ i o?-t tease, and alkylated napht hal ene. 15 0 Th
-car | Ubg ! Calntmt%fui% +0%1n.)d wscgﬂlig Hp&ﬁ}ncjrxumdca(?%{ﬂ lsaluﬁg {iQn °C

pul er p0|nt

to the kinematic viscosity at 100°C less than an amount defined by the

007X B ynd wherein B = -40 when

equation: Brookfield Ratio = 613 xe
20 the gear tubricant is'an SAE 75W-XX, 8 = -26 when the gear lubricant
is an SAESOW-XX, and P = -12 when the gear lubricant is an SAE

8HW-XX.

The gear lubricant of claim 1, wherein the pour point of the base o1l has a

Lad

25 ratio of pour point, in °C, to the kineniatic viscosity at 100°C, in e8¢,
greater than a Base Oif Pour Factor, where the Base Oil Pour Factor is defined
by the equation: Base 01l Powr Factor = 7,35 x Lu{Kinematic Viscosity at

100°CT) -18.

4, The gear lubricant of elaim 2, wherein the kinematic viscosity at 100°C is

HO
i=

greater than 13 ¢St
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base oil bl endi nw, conponent pre-pared from an
i sonenzed bottons prduct having a pr ur point at
woemsnidissc . It ;ic tai litir than a-pour poiBECT/USWHT/066080

all isonerized distiliai.e_traction also present in
the gear lublicaril. 20 10. The gear |ubricant of
claim 9, 'Y vhereiii the pour point dcprs.~Jlrtg base

oi | . bl ending Conponent. a so has a traction ¢ hle%&t
| esk t harte p3T 2Pugibht clagak Pegoghe ogpaignascaely ot L0U7C s
Vi scosi ty..Qf whndo &y t and ai a Slide tor6 1. ratio of
40925 11. Tte gear |ubricant caI claim1, whc in the
base oil, nade froma max ffcd has less than 0.5 wt%
e wescy €6t P T ol £ WAL 16k Thk g SIS Bl
2007/118ﬁa8uE@ﬁhﬂSﬁﬁ@IﬁﬂﬁﬁﬂﬁﬁmuhﬁmnAmam&mjMOﬁWX}wﬂ
using a_gear |ubricant. corrtpr|S|ng ra. bl ending a,
nultlgrad@iﬁéﬁf lubr-icaii'_ by tufting between 5 to
95 \'t% based on the total gear |lubricant, of a
Iubrlcat|ng base oil having a traction coefficient
| esé t hae@eqiubricant obHaimelh sreinthygeap! 1’3%1‘??@ﬁﬁt€1|%1h%‘§9é3=01‘*
as' t of ’r‘ﬂuﬁd ciéti\l(;a)ﬂgilhcllnls orggltitelc&n{zﬁ lﬂlmdr atio of 401, '

In an axli or
1@|fferent|al 10 14. the |n1thod of claim13; Therein
the, gear |ubricant has i.nernatic viscosit at ...
100k, gnsedr ran abaer . SRS AL fartsn Bp olmafagaion
|3, whengidbikh@e@eatonh tBkicant Ghas 1amolh 11l Rublchim dt?'l\/t.d
t hi ckness greater than [25 nanonet ers when nmeasur ed

at 120(: Gaep Bl pelydrigpisBe, csies pesLlyTheohhgno rd i ived

§“$#ﬁ 114,.t he Iubrlcatlng base oil is made froma
fe d 1 e method ¢ d lciim 16, wherein the waxy
ifeed. is Flscher Tropstch derlved 20 18 The nethod
of ¢l ai

rt} zear 1 o a1 fdhi 1 { dij mg mnr A pos val depressing
ratro of ﬁeﬁ? %1ﬁ? P @? f% ﬁ?ﬁ%ﬁ§¥1d’ib@'i é@
i r_ e t,bale diBbi@lding cbR@BacnBpBasal ch an ROMErAaGh@dms pwduul
where the iasa Ol Pour Factor is dcfim,d he he
equat i orhaviBg gpeur point at least three degrees higher than a pour point of an
isomerized distillate fraction also present in the gear lubricant.
28
10, The gear lubricant of claim 9, wherein the pour point depressing base oil
hlending component also has-a traction cocfficient less than 0.021 when

measured at a kinematic viscosily of 15 ¢St and at a slide to rolt ratio of 40%

25 1L Thi gear lubricant of claim 1, wherein the base oil, made from a waxy feed,

has less than 0.5 wi%s olefing

12, The gear lubricant of claim 1, wherein the waxy feed is Fischer-Tropsch

derived.



Q1 Pour Factor =- 7.35 x Ln(Kinematic Viscosity at

100",C -18. 25 10: The nethod of claim 13,
waeowrnigasal [y in ludinblel dint the r~ ar | ubrPCEES200%066080

g tddit onll'" adding bet” n 0.5 and 15, t': tL"," wu

of the total ear lubricant (if a pour point
riroresssing base oil blendi Q col _, k-~Canei at nmade
froman isonmelilet] bottons roduct 3t 54 WO

2007 118158 BCT TSPOCTEEEIRE Eg0M L RPEod of
claim1 a, additionally including blending the gear

| ubricant by additionally adding |ess than 10 wt % of

the total gedendingsrindspedogesniubiicobll addingibaigegn 3 to 95 wids,
i anprov' er h L, clial reim,
traction coe? %%?neig E’ltaggngggntL 5 igigJi%ﬁ} \ém& S IQJA?’%
Sprocess t eenmmmg:»eamﬁnkssgyarsmm lrngbmuimmjt:d e lgearatic

| ubricant, co cr?"ng a
waxy teed in" 5@‘@§Sﬁé¥‘ﬁiéﬁ?%ﬂt%gﬁﬁaﬂﬁ4¢ «"Bf nen e

10 a hydroisonwi"'z"atiOn catalyst | nd [i1" | ugw
under pl e-sel ected conditions determ ned to provide a
hydr0|s@nerl?@ﬁﬂbﬁg@i@bﬂ“ﬁf@@ﬂ@bk“féﬂwﬁm§@lII|ng t he
hydar oi soaneri zed base oil product -rCO \ erc'd from
the isornerizat.ion zone under distillation
{ronﬁutldh5nﬁﬁméwaﬂﬁmnﬁ m1ﬁan¢mn¢mdnmmﬁnamsahewgwnuvnuhnv
savi ng base 0i | ﬁ~ } ‘lialacterized by having a 1T
c ion c&%?@l v dng hau 0.021 Mai neasured at 15

:St and at a slide to poll ratio 4u90 c. bIending t he
energy saving base oil product with 41: FP gear

| ub¥ carfthe a@gioﬁ PUdaipo! Smakecinie: whel b aglyis gy EGERN! o ickaess

| ubri can,h ueY‘ﬂﬁﬁ (Fj ﬂlangljﬂl.elf.“% Q\% QX‘&%\ Ye'dnzg 1 8RR YRk Lant.

has a | finenatic Vviscosit greater than 100 c
15t 23 The process of cIa|n122 wherein the waxy feed

is Fisc rLOps
Fﬁ hf%e m::*ho& 0? ndlm f3, \\Eemn t?c tubricating base oil is made from a waxy

feed.

17, The method of claim 16, wherein the waxy feed is Fischer-Tropsch derived.
20
18,  The method of claim 13, wherein the lubricating base oil has a ratio ol pour
point, in °C, to a kinematic viscosity at 100°C, in ¢St, greater than a Base Qil
Pour Factor, where the Base Oif Pour Factor is defined by the equation: Base

Qil Pour Factor = 7.35 x Ln{Kinematic Viscosity at 100°C) -18.

19, The method of claim 13, additionally including blending the gear lubricant by
additionally adding between 0.5 and 15 wi% of the total gear tubricant of a
pour point depressing base oil blending component made from an isomerized
bottoms product.

30



24. 1V process of A%22. .:Jit.t;1 ai.', in

ludml1'r'. ~?~rUclla; the e'ier ;\ L,:aving base oi
wee@dodctissv t h | ess than 2wt % based on t he t ot BET/ERWOTYY66080

saving ai?i0?]. ptive gear lubricant, of a viscosity

indr." tint j't u\ C 0 2:5. The process of claim 22,

wherein the traction coefficient is |less than 0.01'7.

WO 2007/ 18158 PCT/.US2007/ 066080 6...Th oces

cl A0 231 GRBPSTHRHE o FEgeDa0r G bBERTBE 1 R et b

is a’ athncJ)a%llv ddideteds Whanivaspirodust Uo?cﬁubﬁ’lgﬁﬁr vigcosity

| ubricant conprising a Fischer-Tropsch derived base

oi | havﬂm@\aﬂmm“$ greater than 150 and a trt7ctioirt

ti: oeffi! i =i t less than 0,01 .5 when neasured at a

kineirrati,,\"us,, sitV of 15 eSt end at a slide to

¥ ol1l. r atThenefhod 086laid! 13, witreingaracliotbedeamnt ofiese lanOl7.

27, {herein the base oil is a bottonms product of a

vacuumdistillation. 10 29. The gear | ubricant of

cl aiam 27 prahef R Mhokifg ah 886G infagomotl' o & :bm Ichhth@mprising:

point by AST MT1 r_ 35" < cater than 538 ' C (1000

F), 30. The gear lubricant of claim27, wherein. the

tracti on, Coe}cﬂtduﬁ%c@wﬂ{n? I3 al\.,%%? ictcﬁ"ﬁndn 1%%11@11’911{%1%01}@’% Tl]tT B&‘:\c,m_.c

gear lubricant of c herein the traction
icoefficient bka ih»@sssmhramnoﬁ L@w$t dgtéa:rdrmtbrumbfamc -gyfected

cl:l\/\?l ,r2n02'7|'hevm1§5n 1naf %aﬁgﬂ eI&% |uepr6)ﬁag gh{drm&o;geuaa flse unlpzodmt

Fi scher-TroOsch derived ba 0|I haV|ng a tractlon

coefficient |ess than' ! en neasur ed

e St and a: éﬁﬁhﬂ%ﬁF@“FBWW“WéﬁbeméiPV@@&%EHW“EdI&W‘h°

effective aU‘%‘dmn%ﬁm@%c%a@d%ﬁmio&lQM&%}L pRddidelM1€8ollcet

34, The finidoed lubricant of ::.i ini , Wherein the
t§ ischer-1 r@hmgahwnengvadoﬂba§éwC@ﬁmaﬂwﬁﬁhﬁlﬁﬂﬁnﬂV&ﬂwﬂ

Cl12" %6, Poo i R bt pla RS o8 B Bl Pat ¥ Gice o

roll rutio of 40%;

c. biending the energy saving base oil product with an EP gear
20 lubricant additive to make the energy saving gear lubricant, wherein
the energy saving gear lubricant has a kinematic viscosity at 100°C

greater than 10 ¢St

23, The process of claim 22, whersin the waxy feed is Fischer-Tropsch derived.
25
24.  The processof claim 22, additonally including blending the energy saving
base oil product with less than 2 wi%, based on the total energy saving
atomotive gear lubricant, of a viscosity index improver.
30 25 The process of claim 22, wherein the traction coctficient is less than 0.017.
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The finished li..l i c_;=.at of cclaim53', wherein

the Fischr '"I'ropsc a _ ivcd base oil has a branching
W0 pbei1day8 11' 1 NMR | ess than 23.;1 and a br anch@¢TgS2007/066080

proximty by 1,C MR greater than 22. 5 36. The

finished lubricant of clairr ::, x herein the finished

lubricant is a gear lubricant. 37. The finished

| ubricant of claim36, wherein the gear Iubrlca .S a

morﬁ?gea%mDFﬁBﬁP%aﬁP‘%-3ﬁ“ﬁ@ldéﬁF”¥ﬁBF? b ot ﬁﬂ“%*T%e
fini shed;dydna@3MmOfo&lcal m 33, additionally

conprising one or snore her base ails selected
fro.iT. he group ol Group 1, Goup Il; petroleum

der. Med) G LRIy s g

der o0 YAy AR Btk o SIHEE RS ke 4
89. Al uglmmarah 1 bagse aataclion @oifpidnt kR than 0.@1L5 xﬁ;etwr*m‘smroﬂhata
coefficient |less tha 1 0. wt % hcAl

g pot HEBPIATHOLD §385 57 Edt B R ¢ Phos0 F).
40. The | ubricant base 0|I of clam 39, addationatlly
con1Pr|S|ng a branchin;z i ndex 1-sstba:l 3, 4
and?%.a bramehilwrizant of alpm? favﬂ{leremtﬁw% pit I achottomp rpdpgt of a
25 41. Th Lm‘}ﬂ}ﬁggg base oil of claim 39,

addltlonaif nprising an ( ,xidator BN greater than
1d2 ", ours. 42 The | ubricant base oil of claim 391

addltlon |l npri si. pour

o058 s 956 31 AR e B Bomsbe b TP ot by
| ubri canis hasesBh lyredfor Ghakm @9 1oadditi onal |y

conprising a ratio of pour point, in C to the
kinerna:rc vise.o.,ifv at 100C, In eh , greater than

a BQ@G q‘i e 065 q{ll(rl'léE g%‘i Qlllc:]xm z_;,%ﬁﬁ,r}nlrh irﬁc%o@c@lhmfr@'rqluw than

Factor is de e eduation: Base Pour
IFactor x0.0t2ni Kiel raa tf Viscosity at 100 C -18, 44.
The. Ir | ri.;"trj base oil of claim39, additionally
conprising greater tlru -r 4 w";t
31, The gear lubricant of claim 30, wherein the traction coefficient is less than
0.010,
200 32, The gear lubricant of claim 27, wherein the base oil has a VI greater than 160.
33, A finished lubricant, comprising:
a. Fischer-Tropsch derived base oil having a traction coefficient less than
25 0.015 when measured at 15 ¢Stand at a slide to roll ratio of 40%: and
b. an etfective amount of one or more lubricant additives,
34, The finished lubricant of claim 33, whersin the Fischer-Tropsch derived base
30 oil has a S0 w1% boiling pomt by ASTM I3 6353 greater than 1032°C
{1050°1),



carbon by ASTM 0 3238 45. The luhi itiuut base oil of

claim44, or+ :apri greater than 5 wt % naphthenic 10
wW@aw7018158 46. The. |ubricant base oil of cl ai "fPGRUS2007/066080

additionally conprising a Free- ( irbon Indc::~

between 9 and 30, 58

%]
Ly

The tinished lubricant of elaim 33, wherein the Fischer-Tropsch derived base
o1 has a branching index by "M ONMR less than 23.4 and a branching proximiny

by PC NMR greater than 22.

5 36, The finished lubricant of claim 33, wherein the finished lubricant is a pear

lubricant.

37.  The finished Jubricant of claim 36, wherein the gear lubricant iy a wormgear

lubricant or an EP gear lubricant.

0
38.  The finished lubricant of claim 33, additionally comprising ene or more other
base oils selected from the group of Group §, Group I, petroleum derived
CGroup 111, polvalphaolefin, ester, polyglveol, polyisobutene, and alkylated
naphthalene.
15
39. A lubricant base oil, comprising
a. a traction coefficient less than 0.011; and
20 b. a S0 wit% boiling point by ASTN [ 6353 greater than 582°C (1080°F).
40.  The lubricant base ol of elaim 39, additionally comprising a branching index
by "H NMK less than 23.4 and a branching proimity by PCMNMR greater
than 22,
25

41, The lubricant base ol of clain: 39, additionally comprising an Oxidator BN

greater than 12 hours,

S
[

The lubricant base ol of elaim 39, additionally comprising & pour poinl greater

30 than -15°¢.,
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The {ubricant base oil of claim 39, additionally comprising a ratio of pour

point, in °C, to the Kinematic viscosity at 100°C, in'¢8t, greater than a Base Oil

Pour Factor, where the Base Oil Pour Factor is defined by the equaiion:

Base O Pour Factor = 7.35 x Ln(Kinematic Viscosity at 100°C) — 18

The lubricani base oil of claim 39, additionally comprising greater than 4 wi%
naphthenic carbon by ASTM {7 3238,

The lubricant base o1l of claim 44, comprising greater than 5 wt% naphthenic
10 carbon.
46.

The lubricant base oif of ¢laim 39, additionally comprising a Free Carbon
Index between 9 and 30,



