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75 have a low Brookficld viscosity relative to kinematic viscosity; and a process to make
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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
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We have also invented a lubricant base oil, comprising
a. a traction coclficient less than (1011 and
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b, a 50 wi% boiling point by ASTM D 6353 greater than 582°C {1080°F).
DETAILED DESCRIPTION OF THE INVENTION
25 SAE J306 defines the different viscosity grades of automotive gear [ubricants. A
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 SAT 75W-90 automotive
gear lubricant has a maximum emperature of -40°C for a viscosity of 150,000 cP and
30 akinematic viscosity at 100°C between 13.5 and less than 24.0 ¢St. The second

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
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Examyples of automotive gear lubricants are manual transmission fluids, axle
lubricants and differential Quids..

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
tubticant.

15
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 g

car lubricant ig.an SAE 85W.XX
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The gear lubricants of this invention have a higher kinematic viscosity at 100°C than

other oils made from a waxy teed having low Brookfield viscostties. The gear

Ly

lubricants of this invention have a kinematic viscosity at 100°C greater than 10 ¢St

™3

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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stacks, high pour point pelyalphaolefing, foots oils, normal alpha olelin waxes, slack

waxes, deoiled waxes, and microcrystalling waxes, and mixtares thereof, Preferably,

the waxy feedstocks are derived from Fischer-Tropsch waxy feeds.

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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Fischer-Tropsch wax represents an excellent feed for preparing high quality base eils
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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,@lFl, ,rent vliscosity grades of base oil. In the

ontext of this disclosure. " differemviscosity
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oi | 'differing ini_inc atic viscosity at 100' . Tt
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tlori. done usi ng a
intended to iprove the oxidation stability, UV stability, and appearance of the

It
LA

product by removing arematics, olefins, color bodies, and solvents, 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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equgdtgl (Qﬁ]a will 511*»1\1é iy ch less ll'h;1$1|§ w%rﬁotaﬁtm} SH2 mﬁxym at)p’a‘%)%m

functionality. Preferably, the one or more sclected fractions of base oil will

(3%
1y

additionally have a ratio of molecules with monosycloparaffinic functionality 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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20 bt Rrred posge s e b e e G s Sor B il #Fy e

thig I@ﬂespﬁ,ier e Q*tssed'mﬁ(ﬂ@{‘]usl}u @0 mbtcQRBiBlyIesWhRA or equal to

measured it a kinematic viscosity of 15 eSt. The X
0.019, when measured at a kinematic viscosity'of 15 ¢St and at a slide to roll ratio of
40%. Preferably, they bave a traction coefficient less than an amount defined by the

equation:

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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b £ B Pty ) SA A g Rat e Rl Pl s
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Base Oil Pour Factor = 7.35 x La(Kinematic Viscosity at 100°C) -18

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
traction coefficient less than (1.015 have a 30 wt% beiling point greater than 1032°C
(1050°F), In one embodiment the lubricant base oil fraction of the invention hasa
traction coctficient ess than 0.011 and a 50 wi% boiling peint by ASTM D 6353

greater than 582°C (1 (80°F).

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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[Srsno {tjlgl }e‘g%]ﬁ §o“f g'%ptﬁm e(g éaﬂer cétgyg(fadgxzrg&glc %PE&PCL 0 (}ﬁlddnon

a lyaseads bt '{@@lﬂin-tﬂﬁ&ky&h&bQ)frpitdﬁadpardtﬁﬁr Saki&a?SéJc@nﬂu ‘OFRition
| oy al of - netals in the c ‘P
6 gﬁ?@’bkﬁnﬁs " Ip(ﬁlgﬁlaur@z}rgmgpe@m@ C%Exlxﬁtw ‘L'ganﬂ pags b, 59?)6

al | Nc;sm‘)aL? tfw & Hdl%%%@ﬁ%%&mus%é@e e m}-&érﬂaﬁd@ﬁﬁﬁlﬁﬁmﬂh are

itive package is 80mllinioles rtf zinc
mﬁor&ﬂmpfﬁrd'motabﬂoﬁ‘lﬁlﬂﬂ nlof DHbaﬂ)]ﬂ plolofl. injthelOxigqter il est,

2 (% 0 O{'}/‘g ﬁ gﬁ‘%‘@]b&? /uf’_‘igéﬁb 17(?10%%{3%%1 o R4 %n detn e p\c@.ﬁ%@, 15 included in

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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1.1 grans of OLOA260. The Oxidator B test iiieasure
the espouse ~# lut ric. _-:ring h;i,~e oil in a
wapwahgisgl appli cation. H gh val ues, or |ong tPeEES1007/066080
absorb one liter e ;. e. i, it he c good: oxid aioa
subilitv. 5 CLCAis an acronym for Lubricating Gl
Additive T,,", 'r 2L chis are L ter d to dcniat k
of I%Yg S ofdha %ﬂt Qh b\ﬁlb{ol p&ad nMszL'tl%eresp%ng; OTh@ubm,c iting
f|n|§he ricant I resent Invention co
mwscw:mn>mﬁmﬁmupybﬁnmm%hﬂ1ﬁwuumhrk@ﬁem@phnﬁb@%Pnchkfoi
Iubrucant ad ves. lhg)rl{cant addi tives which may be
bI@‘”ﬁ%ﬁ”ﬁk%th?ﬁélilﬁﬁﬁa 4¥ng base oil to form the
finished lubricant conposition include Lilo c @&ll, h

are intended to inprove _certain erties
St i AtidHe o ageERE Oramietypiesne Pﬁbﬁ%&ani@ ‘aala t‘»r\f&”**‘w

lnggygﬁﬂggp¢“§§ﬁqp&gm anti-wear aAdlitives, EP agents,
;, d )ersarls anti oxi dants, pour point

depressants "Vi'or' :y Index it preveers,
visce,~ity nodifiers, f k-.tion ri odifers, denulsife
rs, antil. barning agents, corrosion inhibitors, rust
I nhidphéar Addiigcal swel |l agents, enulsifiers, wetting
agents, luhiicii. inprovers, netal Jeactivatoi.;

{belllng agents, tackiness, agents, bactericides, 20

addl*hl '11\5@; Sed (Gdidabdof ﬂ{"‘tlﬁ‘(\cm iNehiich doRBribdsk@ eltesit Gmbldbs
t he amount of one or nore |lubiicant additives

in qnhermpmi@hew pdd it eis Hiprivng additfige vhichonay be blegded Wity
!t eRpEMNL bRE o) RIS AR 0RAR6 Ak coBipolib Pk MO RRLON

TEan
99 WWhit¥ ark Toitdnded to ﬁzmbrbwf certinl profeatewetthe finnbkditBhcads.
uhiju<ljit  addi pLier; 'II, rovide oo
13 ni b s B el s RER 89 Phopsen
| Uk{rdecg%ﬂk Behddl LhadlidanQr pdud dhibd MErcPRAGK AT sk PIraex
th lubricating base ails to make finished

| ubmpe:ams,sx wqemmwiwm%émﬁ@nmwélit% demulsifipa; antifoppngyeepts,
ti Coor tqzlmtt {r]x? i’\]tt:)[rbtrgs!t mh"l'bltoﬂ ]Lua ﬁ %eagergl leﬁm%thcw @.«.ttmg agents,

i NVEén
lu bl[lbl&ﬁitx Iuﬂgrom.;s |nS:t illﬁdzﬂubi]ma,@thiag a@haceﬁsww Ay tsbenctericides,

required to meet the s cjfications for %@e finished
24 ubifyid-tase additggs. saiosapyso; .@-} vlikga’g ?‘:‘I’-’/t%ﬁ TS 8%6“6 or more
Vi SEOSdahYadhiRg 8 O fagsibd BbScobt &k WithBI Y RRSI of 0.1 to 30 wi¥.
Typically, the amount of lubticating base oil of this invention in the finished hubricant
s between 10 and 99.9 wit¥%, preferably between 25 and 99 wi%. Lubricant additive

suppliers will provide information on effective amounts of their individual lubricant

25 additivesor additive packages to be blended with lubricating base oils to make
finished lubricants. However dug to th excellent properties of the lubricaling base
oils of the invention, less additives than required with lubricating base oils mads by
other processes may be required to meet the specifications for the finished lubricant.

30
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VI inprovers nodify the viscon tri.: characteristics
of lubricants by'reducingg the rate of t i,ritlitz~
WOWRGm11816Cr casi ne, teraprrature and the rate 0PCT/US2007/066080

thickening with lowi, Ir trlail ~r,:t1, ' s. 'l
snaproi ers tiaerehv pro' ide enhanced _t:,L rt' mane
c at lowanl I-,-, ternpL'f"tli tIt" S VI iLni ro"';

-1 - $is@sy o PInhdvefs (VUBhGElerai | to n-t hani cal
[dc gPradation dui _to 17t.rtild7" i?t t1l: |7ls }~

1)1 " n hut tilresti areas. H -1, pi-r's~ir"es
gen = & LOE“ %gc f LHC@[ \‘%@.ﬁ[ ate
[ at 'gi; ?r&%:{ cxl Wx‘%&%%g m§¥§%%g®zé§urﬁ. Callj)sesn[% ﬁk}Ui dl ¢Me rat
terangmaguneu&@auweummuamhydwaMhu@(ﬁymmemmﬂwahﬁﬂshear
ﬁ%‘]ﬁ?@&?ﬁgﬁg\p{g%{p%} ”Gé‘%g‘i%éﬂvldlé c:nl?(mi.{,dol?,h%yn?m i al iow &nd high
Oi | temobitilee. Origarivers RRIYIRIIS suljyaidaahleyhaalef dg@mﬂﬁ){ﬁmﬂhk to
or cu- | _ynteas or derivatives thereof, of nunaher

av efhaginems theeunleenles i highyfiresoreas JRigh pressuppgentiad in hydraulic
m | 6y Toss t(‘ 23 ub E“i@m
R e P R e L L
Cc onmemna‘aru 10 mse mmdnﬂm;ﬂmm} sit:m@mdi stteor 1@/ wx%abtrﬁe)ymmnw‘
Xun I on b l ‘tctyirig "h = lubr: caring oil to
i SRR °§r8‘§8&%ﬁcﬁﬁ?e at high tenperatures than
|OMI tlit~s keeping the viscosity'' ch_tnge ofd),,
| ubricant with tenperature nore, constant t| iai would
ot hErwirdl. Bhimme e el suiub#@rgmﬁawé\@quh Xpilpeicty with
to ppeLat E@ﬁ{g ma!?r% of nr\uitW%E b ERE BEQNL Sk DY nkhlf_%uim weight of
VISCOSIty [ he VISCOSIty of oils with
20 hbaut Fgoe tov] n(lbc.)n gtomic hak@s wh‘am@n ﬁg\’l yeovgistae generally added
n‘8>el[1 rtg%;\r%, %P {;‘Iogcmtra#mnb rfélmt lfO &o ) \Wg;giﬁe L?tﬁ%t\élndn
p0| YHBESnaNd Leopain¥eR ..o shioh tmtﬂ'&aﬁd&d-rpdxe kehigindmperaturdsythan
I|tre esters i ykne-pr-opy'ler e copolyners, O t E c
IovcapeRmiite GraH g A £y IS SO NG PR S BYE s
i tr %m%{ahﬂﬂangﬂ@&ﬁmﬁs%%e lt!(co/(ﬁzéel TH &‘iﬂ%ﬂﬁ@is@&ﬁ{ woth @éthPbrature
VI inprover deriv'ativ'es nnclii:l +. , JerStnit V
11] ¥ bRnowbreprisachd botke alsmbpbllalﬂ‘( {W wfrmtth@- iewalty of aily with

aC :?atrs S\f ltg(r&%t éll]‘b éﬁ%%%ﬁ 5 wlt tumpu QHlaH tﬁ% wg&xf‘) ot oﬂhl_{mth

it idwVYe.s, shyciir 'H'W‘ |sss 30 than 5 nTNb Vi
improver. In certain EI| |1t71?C IFi2eill1 fif ' ".
Aril} leltill7 +11,=i\ conLl:jr? }':"ter low levels of

VI IW&.&?}I@%\F 8??‘&%;}%@4%@%%1%0 73-‘1@&1%1&(1%@951@1@@ Sf kbRAcrOla¥ and

PCT /1%@&0:?{/&@6:6@8@& propylene copolymers; styrene-diene copolymers; 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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less than 0.4 wt% ino# L pf r ibly less than O..

<<<i". o of V1t inprover.Tlhe gear |ubricant nay even
w@wraig1ssio VI i nprover. 5 Thickeners Tl :ic: keP€F/ES200T1066080

the context o this disclosure are oil soluble or oi

m sci ble by ato( irbons v itlh a Linem:ta; is.,o0sity
at 100C greater than 100 eSt. E xanpl (~.E thickeners
ar §qd; i1k pQRLE; il’!GL cit:rablg'l&b ﬂmhe@%l’%f WGEGr Rt TRARIEX
ester, aﬁuty rub ol efin copolyn) -r ,

: 'gﬁrnemaiwlcml golkymerybippivel tt E1:3 r rl Ue t
rettc-e tcr, nui iiltra high viscosity 1'AQ

Preferably, the thickener has a |,.etisity at | OIC of
about 150 cSt to abort 10,000 cSt. In one enbodi nent
the gear lubricant of the ii~~ ratio iaas |ess than 2
Wt 9 Xﬁﬁiﬂéﬁbzner 15 Base G| Distllation The
separation of Fi .cher- Tropsclt derived litactions and
petiolcu:in derlved fractions 20 into varlous
| r aBtdkonars thiw Fonext efihis diselopyrs pie@ilseiuplg of of gesiyly
geqwduxq accﬁnﬂhkﬁﬂﬁgvbQvabﬁnﬁ%«%%ﬂ&%HQ?ﬁMQbPExamphsei
vacuum
at Wﬁiﬁmﬁﬁlﬂﬁl randsobitylacy mghdmtshtf,mlat' a*b Mms»mptks ﬂutse é:iuﬂy hrubl bcr
this disclosure, the t q ract rz
L 41 ey e e PaYHE" BV BENFTACL TOH < kg P s

er clihn BLdety FAOM:ABa 8L e Plickehd- Bas f HiRetdioRat @R aCTIODE
or ffoma vacuum coiu®_s:i S'opposed to the

"bdﬁpwd§00théhmtﬁ%mﬁéﬁﬁesents the resjd tliai htf

'lc'r bni ing traction rec; },,crc_cl fromthe bottom

of the coltinftit. Atnospheric illy wise] t I?prat the

| i gitoas edb@lirindl abeegeaslubsgahs ofake iniapht h@ilesadndi wity thickencer.
from:i battoiaas xa~::t .an ltw iris, aFT stillate.
Rit1 boi I i ng poi nt above about 600F to abut

750F(about ? 15C to ab u396"C"), icker ter3 peratu

es, thelmal craC 1 ina (t tiic by ri' . lions ?~ ay
takaQKHAhﬂNHm0@lag 30 to fi,uilnng of the equipnent
and to lower ~ i ..1. k of thr heavi er cuts. Vacuum

distillation is tvplcally used to separate the b0|I|ng
mat §d @paraiuel Fashet-Hepsdtulsrivebiticnobas(d pﬂ)oiqprf feated Gagions

I ?_%S}V% a%ggvfe a%l_%r%g]gx ;Wa&%@tﬁ@é@@gé[f@g 8 ggtgg%ﬂy a%cr_li'ntpﬁlshed
by either atmospheric or vacuum distillation or by a combination of atmospheric and
vacuum distillation. 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
35 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 fraction lraving 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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| ubricating base oil into different boiling range cuts

en :bics, ' ie luhricathll '. base oil manufacturing
wW@k@nt118188 pr oduce nore than one grade, or vi sCBSI/U§2000666080
| EI ?ncating base oil, 5 Pour Point De r essant Th

uar lubricantsof the lei ese,.t 'nv*_:ntion further

conprise at | east one polar point depressant. They

c onfuﬁl nmh oM. ahaut dl@ﬁ:niqgrt HeQirb Wb L Rased wPeRidlS: base oil

tota rcant 10 b d of a “pour poi nt depressant

Po unnqad:hatunmg@pmt to pRained 1301artl@mk>ngmd¢ o viesHY. ol gjﬁmatmg base

|nclv beat are riot limted to esters of r,aleic

,inﬂydrlde- tyrem c |?C?1>rrzers polynethacrylates.

pul yacryl ates, pol yacryl ai ni des, condensat jr products

of halopar"a' fTin x axcc <itl.l trn oatlc conpounds,
vinyl carbax lat ui piers, and terpolyfrners of vinyl

est gLs pBf babb¥adci ds, etlivieric acetate 1

copol'yrners, alkyl pihenoi formal dehyde condensation

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

Ijnepﬁ gcs %eahliugﬁman% GF’ thﬁé}{ sSﬂrt %R eth%nn im%]c? Qi o]urpsg nplteast one pour point

depﬂ@ﬁ@@ﬁﬁ*m&wkmmﬁmw@ﬁaEM£ﬂpnasEhwwﬁhuemHWEMnmmyﬂams0mﬂ

pour 20 point de reSS|n ase oglﬁﬂl 4% d
1@0@6&%%@ RMBPYY depresspy e aﬁi SHHT BRI 2B RS "é & A 3

ra hn%m'aE h@?{rla nmqﬂq Ratd QiB; RLOAUE knhyASIOREERd dag@twneu

U.S. Patent Application Publication so 20C5009847"

t he pelgmednrsaiof, piibiceHates palyesryignidey, pondaesrigrorad e ‘By
referenc al At
der g?lgp@meﬂ t\ rl/'l\ﬁ%rrﬁf%%gw ?c.t %m uobn n\ 1%1‘@ %grbu\\ (z) neﬁkg%ﬁ“é‘g u%]gs

t he uﬁﬁlllnnsp@bﬂ’malb»f]mmeﬁﬂsl vihl esmns m fajty eq:ré:d chiylchersyl ac8i@e

belom1the DO oi nt. of the 1ul.?Ti cant -

1B carsbareb S e Bour s OR e He i KSR g“%%‘““é}q s otefin
bl engdidign&, ahd llnp(CL[r&xO{H@rmf Pleforduly, Heipbu3iotht d8pressant is
de,,-ressirtg base oil bir_.?nLliiicl conponent is an

i st Polyivedpgryla. 1 1 ht eher Props h derived bottons

product having a pour point that is at |east | higher

J,,ta the pour point of the lubricant blend conprising
t he i lpﬁmrqam. depﬁﬁﬁmomlh?f:dl mahd prasedehiantiod man alké g&hdi yn‘) ux

Jftoiri, tax anﬂ ﬂe etroleun1de5 ved base t
19| i PO dEsIBE BiE OF AlCTHBS HBYOHNYE PEPUY E}Siﬁ‘r*‘“&c‘)ﬁ?eﬁ‘t’ o
depr}"?%ﬁﬁ 0 Ba%ch BLivEXRIRLR prddubing degdvBed in IPOUP RO MRblLi@Tion
t he bricant blend is -9C and the pour point of the

| tr bhibbcaztlcm Nb 28820008 76¢ he combenaneievhofh ip st pesioporated by

?_?p MERRAM kS oGR8 enl ushd, tRMRHN0i @ d%lg‘tjessing%gw ol ng

component reduces the pour point of the fubricant blend at least 3°C below the pour

point of the hubricant blend in the absence of the pour point depressing base oil

]
(4]

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

-7 -



WD 2007/ 118158 PCT/ US2007/ 066080 depressing base cau
f' 113 corriponentafthe invention ~vill L,,r blended
wowam1td1e8 | ubri cant bl end in sutzrcicntproporP@DOS1007/066080

| ower the pour point of the blend to the target val ue.

5 The is inerized Fischer-Tropsclh derived bottons

product used to | ower the pour -point of'the

! ngl by :,Glt bte gvnldo énﬁm”%&ﬁL]n%mr ?}Q\fﬁ{,ﬁg ARt M)IQQLA Q8B the

Mt he “Vacs Fischer . Tropsch
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STy plibe dsopierized Figohes” prﬁ Praived Pff‘f‘fom‘%@f‘)q“h‘e““d B&ﬁ‘?“ﬁb‘i Py

de%&ﬁé HHQ ul?\ﬂ§'%i mal d i thqL &&L&&m%@mxmwg fbmbge ) e
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bIe di con; Poli hi,| ange
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I cant may conprise a pour pOI nt Yedpr essant
vvel dhokr?doin fiha heoat of tanblozangg@ugL qj@.iaqﬁauﬁgpn eprcgs{q@ base.oil

deéﬁ%@%ﬁﬁm%&@p lg zﬁgfq{’)g awnthu he ram%.ef)nf‘?ﬁﬁgaﬁg{ '@G"E and about
I SONBOYH, egfekatls Gikhetr phiapse b%ﬁh@ n:m&eﬁil i&b@ﬂtx@@mpmmmmtu have

or an isonerized petrol eym d r|ve bot t L OB Fmg%h: grlkd
i‘Pouern b’é‘l“%ﬂ*’é“ha’éﬁfmé"s‘ihf‘%m e ﬁ"-&%@ﬁ HIFEHECRY % ot Bty Y
. OB AedinRet rol eor derived bottori';; pie
a%?§¥aﬁ%rdeséflbegnlll U S. Pafeo "\pplic' :tion
Publlcatlon No. 20050247600. In Such an enbodi ment 1
rer sm\t]\f {iggr?zg,lpilrjul Cr?cg n{ ble HFEQ L%%l(pj‘lbé:( {1 ;351 1 regsaQ5

pOI Akl ﬁﬁﬂfnaﬁ gieng ahds ﬁour@blm ﬂﬂp“dssadg base oi Ianqhoﬂbf mta;aalbnt The
that is isonerized |I bler- fri fern e.d

2br P POPGAIT iR Ybke bk L GaLER S BTGHE.
' ) gbi_i’!ﬁ? ﬂ}pEﬁth,Q\'mjd L\Wﬂnﬁ?nrb&m%ﬂﬁlqgotﬁ@?mech&tr&éuw @ﬁ@@j Botioms

pically petroleumcl<ri, :cl bright
st ofrotiyct u’ouﬂmav@cpassws bas bt Pleaboy eommperishaire yogerized

B{ g{fatg{Jg%lp dtfwshd betﬁ:}m; Pro%u %{I(, dagmﬁgcf;h (8 e (el Kpplication

Publication No. ”0030"47600 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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500 to | IE.i at 40C Bright sock derive-1-1 feet

Darling crude h been found to be -1S WD 2007/118158
weaN/WEeO7/ 066080 especially sait,,| 1D LL~ fRCT/USE®0OEE66080
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p hosplnibed Sl,g;,m@ia&pb @ésy'Lchve (S oxﬁ&tﬁ hﬁmy&xa:tzeslalrt i agnmu”psm yvhicle s
act: 25 with the netal surface upder boundary ...
20 b4 BRECERBEE B uedtap R bRl Be s t@‘r folc of EP gear
hydy, f et ﬁidhﬁ*lu ko ;ﬂ:@\te‘%l tht}@ﬁﬁ; @ﬁ)p@@st Fod @OnBegArf ouLed [dhdicant
be et, ui ; [. tear lubricant cdditives,
4i cndute@% hﬁ\ e lb&]ewls&e uhledy arstlel dighdagtias a siable gispgrgiop ingthy pid, and

Hi- ?we v Qc:m %r;:ramggy%p%g &Emwai}}- reacted to contain sulfur, halogen

{principally chlorine), phosphorous, carboxyl, or carboxylate salt groups which react
25 with the metal surface under boundary lubrication conditions. 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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30 at is necessary to incorpor C 111 i'ccate as a
:?2tSn rsf()n all the oil and Ilc? !'",7 noun
waelr®patasons are partieuulitrly desirabl e The PEEDNS907/066080
of formation of a horno=grrnous 1 ron an be orr:
| .3ted to the tiro I': It -+l th oil after g ~ti it
[JI the hydrated 1 ¢ T WO 2007/118158
PCT{,#%ﬁQQ 1,08 @e(@ﬁ  nidlkal rt5m rr,eéc@rlu akaﬁ%ﬁ%tl&s%\&gwﬁb&nﬂpcmom
tv correlatrng t IYess genous |n order t
f acinlordeatocfadi Dptrdtienoodt ssth choraoghoro genotisndi s cenvgtional to

corBOLT ] e Eoiar S B e 5o GRS e iy bt
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succi ni m des or other cunt.'-Onluic

i sharcsant & ue’ el nrd@’féma@mnhgtae&?mr%tef@é ‘UIUF‘P} oy thy dgpli
Con%g{g{ Bo%‘@ 1t DtiHl(l%rgPﬂL Q¥ l\tgs@%}aﬂlllﬂﬁhon n{r@&i@\] 0 mﬂ%t@iﬁttomﬂtmn

ess than 1 micron in order

f aciilihg mhehea ﬂa@mmm e’mre&ch@ B awgbho et delti\@rﬂ% g nvention
pref er r‘ed EPl eqarr nFl can}tnaﬂmm m”% of this iii,

ci 2P PR COmOI S AL IGR O™ P of hexagonal

boron nitride. 10 Cher pr eferred EP gear |lubi scant a
uiri_c,s of this inventioncorrrprise a. dispersed

1%yd%>arwefﬁﬁ%%% Mﬁiusﬂw%%@dltwc% %‘P’é PEESEN KYBFt 2d

sodj;um, %9 Ef&rﬁa&m@lﬁi tdoPhe o d;%eﬂa&ghﬂrﬁ&ﬁ%thfuh%o@ﬁg[:ﬁﬁpmmon
of de ration he di spersed hydr at edusjot assi um

bor a&\fewmmeapmsifm,ra@ nisdﬁlb’érﬂwrs &he Bentrded hyfirged paessigm hggate

387 P N th ? [
pot AR CHPBOr St e B et e Mo hl o Bt AheC
hy de e *ﬁ%ﬁdyx{we*it bﬁki’ @ii;befsadl h;ﬁirf(l&ﬂmﬂas sii3)boofe &rmuatrizkébgt

and pQtassi um bor.qn tsu of r
(Shobitra hisot up (g1 B bR teh 4 geradt hybf abdeesuinde"
bor iaﬁ S 099515*1 an:’r '11’?'75% '1 3.25: Tie cﬁlﬁﬁﬁéd Q@%iétﬁ@ﬁh@b bdrate

6 3)4 . Preferably i'n this

enbo@‘n;vmrmmls ’ctlhé&m%stéerr @ésdf’ﬁymm 84360 Bfﬁ*%ﬁﬂfatﬂéh'ﬁs i
har ac e |7 lrit ratl.a8 ol B) of
fr oﬁ’rln gh%%nspfﬂtxd hidrgi%so_jrmn &a %S% 1% nr]n%cg]l E)or on
20 [}ﬁ{rh){i}l B{ﬁrnfi FQOY@HMMot hoR.abGuttod01:13.128; 1, hmil mndidreto toron
qen‘oodl nment, the pr ef erreq EP -car lubricant additive
28t ol frARehP it CdfpriiSes a conbi nation of three
cornponenti,w hich amtl) hydrated al kal i metal
bor at es; (2) at | east one dihydrocarhy | p< |~ .ulfide
? cdwmﬁentm@ﬂmi shargefared K gpoelubriembeiddgend nore
‘1]‘; iﬂ%f’(\é}'lttcl 0/ dmtg]r sg{f&o%{b?%\doﬁ 5‘{}1 l’&E l %ih?&ﬁl@ltm%ﬁtﬁ "l}
{1) hydrated alkali metal borates; (2} al 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
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30 ew t.%dihydroc Sri v 1 tetrassuliide or h eh s lic

ly:,~il fides: and (3) a non-ac. dic phosphorus c

WO eanesiss conprising a tri.h, dtocarbyl plli |PeEt/U82007/066080
coltn onent, at least 90 wt.%of Which h Ll he |ormula
(RODb P. where Ris alkyl of 4 ,cs 24 carbon atonms 30
and at | east one dih d nctar~byE dithiopl cisphate

deri valives olPRLREGT ddalif 8 R Hl@lcbmﬁﬁﬁtﬂln delribbd @oRe Bave
CIpOSItIOﬂS w. herethe ratio of aolysuif des is
carspulor yoad ontyvim] drexdriges end npy»Sd speeAELIAPpl i cati on No
11,1122,46 1, filed on May 4, 20115- These , -20 WO
2007/ 118158 PCT/ US2007/ 066080 preferred EP gear

lu Uﬂ‘iedahgcaﬁld’dﬂid’aht\msitim tshy ;ti&‘a(ﬂs canbnebyitonheciddigrebed gear

52 ?%E@L@g{ gifi;éjg%g%ct\%e 1& vgrntt\e oiaur %‘%Iég$? pﬁrb %Erile t}?l?‘i{l{a}ﬂ qnel gf]ear

addy, b M8ts 108 1 YpRIGR v ¥nr e n‘t&icnceﬂidWl wehinehheimiaddii wesodify

a gear 5 lubricant adti tiz ckage. A variety of other

addintinviewroan. Beoprsewt inhibiedgadrhiviiarb cPEdifrgdnigpitors.

t gﬁ? 5 )e?gf(ijweatr uucngs:’]&sm%x 1tt}€It1?r§ﬁsgﬂgrgml ﬁers g‘;m Ipﬂﬁﬂk ﬁ%ﬁswnts and a

| || dariefyus bthleﬂwlﬂelbht&;@ﬁ&ddﬁwegub’refemhd dts@'rsmnscmﬂ mﬁegiee well knowr

i nhi bitor ;, he ar. ager.nnt itlers

19 1 eeraim el Bluptaos AT UEme B e Bl g

P21, 3ait@haolil@kenel he kinowibiadditinvigss amPoafserbraikali or alkatine
di spersants include the well known 10 E c~::nimde
andeathhngil selfedteal kyi pheuci s and al cohol s.

Pat ~ticularly7 preferred additional additives are the

oi I nsoliihl,- ~uc,inimdes and oil-soluble ~dt ali or

al kahd gar lubdraholhigs alvergich fiopatsesompt Gihedlast s Pecins for

lgLC}:‘baé%) c:i: 1:/03;?_ Ian ﬁPﬁFIZO So Eg%r b ‘%ﬁ%}q}l hcﬁ'rbyxg?&ﬁ% b%cl Gcils such as

der bNI?&qF}%QHQs idds, oly Eﬁ%ﬁ hetyischibase 08 hl&yiﬁl&& ha[ﬁs a :;meh
elins, esters, "pol yglycols pol yi sobut enes,

and ,?2 lrtteci naphthalenes "1l he Ro Depressing Base

G| Blending Coma aonent 20 cue enbodi nents of the

gear lubricants of this invention conprise a pour

poi Mhe Bepruvins Dagedine Raid ObhBendnnGowpapanent . The pour

Jpoint ucpressing base oil bleadi e c nmmpotient is

qually prepared fromthe high hoillng, fraction

r emaj;fik @Qxb&ﬁm@rﬁ@o%%fﬂub@&ﬁﬁ ofiftheihvaitisd tdrhprizga @bl t he

l ovxr rul ing base
point depressing base o1l blending component. The pour point depressing base

oil blending compenent is usually prepared from the high boiling bottoms
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.
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25 oil fractions. It will a nolecular weight of at
| east 60+0. It nay be2 prepared f oiii either a Fisch
WO 207/18188 deri ved bottons or a peli't?l c El.' 1RCTUS00%/066080

+ 1 CSE Conms. i~ r~ average f tit". Il | _.~
~~Gt.lFia. is 174~CH1C,~~li~If’ 3"i{E‘LI t CJ achi eve
u'[3rlit"Gif "4 it~ (?, I~I1i11p in tl7"; nolecule

bet ween about 5 and about 9 al kyl -branche= per 100
cai ' bun atons, Follow ng hy'droisuineri,u ninn the
POUf iHR@bdatof E‘Eﬂtw@mp& i syhgudk, A8 emﬁldonbtiamdmmgh@uusl blending
aonei t 30 should have a pour ke ig ﬁ
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10Ge. AR @R OFH: x%QFnaJhﬁ R Ibe erliaded Hire@ly: flonh tht: FaBkbr-Tropsch
degree of branching in the nol ecul es are parti cularly
ﬁc er\‘\mtt' idsar itonay fre prepreh Bbm threwpmedragen pHEWERPEME on.
A S}eerﬁg rQ @%é%];éﬁm QJ H@%@&YJQQ§ﬁQ§QmJ & itﬁtfbicchuc?%ﬁsch Wax,
d efr @es icngaib a&EﬂLﬂrHunbb(ehdl abgve mnﬁbﬁ%m unﬁ?f IDT Epémced 1e
f the ~ : ~~ t hat I
e AR Rk SRR ARk Sholea
di r g hYinl:Q0itd nofir § Eomt%]lg &1t QRSE RydoSynenkde ﬁt’todhlm
may be preparcd Fromthe r_7?ligonlertzation of |owe
1(boi leidriblebdudhgigiinip the' polpcufes Jhp-hy dz{mgr@pmed W vall é{vsané be sent
Regt%%%’a%ﬁn h L%Eliﬁgflh‘.‘% I OME %ﬁ ok d{s l[.ﬂe bs §§E 2 ark Lh1dRER! 1n the case
PR t%i n hy rocarbons 0| I ng above about
9500ﬂ'?14cﬁel anslech &oivpd bdu o thdve dishitrti¢ avs ol Fedionhimay be used for

th
CoampBHERFm R el b RO e B B BUP BT RELAG

VI, ccliB8edMrdift tHeSyad e @ledn k@t Qud Gth Qi ul Hyd -ocarbons
favorable brat t Irttr4 into the mol ecules. ° JESY

19r ewmemre mherlde Prepix haippRr el a0 SRR ng ‘i?méim%lk‘,
Col u rm S i gi%lﬁne}ﬁ%l Quﬁd gghétioﬂt e Q@%efr*%[m il Sn@%E &
colfec{ T i scher-Tropsch derived
baseroid a,sthérhﬁ&&tim.ssmﬂ &ssfoe Ligagjd_:e bycll ocrfigkit ‘ﬁn@ir@,ruw:*\gg @nd
used for

di by i 5@1%6{93 pé;Eero-m é‘ew bisfm rpgse il bll Sngl!; 1% g‘:fm-l;ég f%]?]g pi ihe prmm
f r oLl VARK HRJE RV IYhE B8Rl SRST &usﬂtbixﬁ yitkinalie dn, gilm,e itis

b0|I|ng hydrocarbons | which are used to prepar the
’@oumdﬁewﬂbséwh@mbagﬁﬁépﬂﬁbﬁéﬂdlng component. In
addition to hyrdroisoneri .rrti.-,ti and

fractionation., the waxy fractlon may under go Vhrlous
ot hehe ppe paihi @@&ssa@jﬂam il h{irnﬁmgawpiﬂeﬁcnhwlu}my@ P aelri negnt that 15

hydrotre; ati and hvdr The ‘ b
depridsst 55 isEef P ppdiangl o bsbRee waf PP St Bt
| NV @RLiiRNbdsS i Ot has BEen; fhdtihar Svben ik n_t(he:\m@asv tzad b{l}itdt&-fﬁ-
:d-this termn lin the at t, since it is
95 described in this'disclosire 1$ used o reduce the pour point of the blend, the pour
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.

Accordingly, the actual degree of hydroisomerization need not be as high as might
atherwise be expected, and the hydroisomerization reactor may be operated at lower
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20 really only ahigh boiling rase oil fraction 'Ih

pour point cpressing base oil blending cone. ent wll
whawg/118159our point that is at |Ic ast Y C hi gh&r/Usinaroccoso

the pour point of the fivdi oisonicrizetl Fi

cher-"1"rupsch distillate base oil, It:has been 1bund

t hat when the hydroisoinerized bottons as 5 de_eri

|
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tl]; scltntl dd'e prea. of hydroiso nwliz it' |on need

not be as high as m ht. other ise be expcc tc.d-1.

anda phe phisd dairsanebdsz atl blwndiesacﬁrmonnraylc@eﬂdﬁamt 1 Bdclat-Tropsch

l“o}/\frgiq Oé% :g:.zlﬁlﬁf\é\f) a}éi(i)\gé/&%%g aC! 1TP %{ry%zo%z{a 860219%(3% dEOUt 1,100,
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rdroi sornerilLed or its abilit to act aF- a

Mbou prualiyeiphl sdbiodly repse! tom abppiddt gbedar st ,an 1?1 beling
%gon%%@?{e%girﬁg%kﬁﬁﬁe E«Qiﬁ)&ﬂs ty }‘Tlgdﬂv ¥Z<uinll L%g bgmlresr;/ atbut ER°F and

F| S.ﬂkbef HFOOP G:elbzrcbi@'otm oighersngt f;cukalu bt f’hdi\lkiimﬁrlbhiiﬁml 't Heres
ran qe of from abouyt

por S0 SaPHOR LGOI el A et iy g Rer

Oi | moledbiar xt@gHt h{dr%aﬂ:!ém)qnﬁﬂil]y ihe Ffof@u by @8R of tln, pour pomt
Fi scher- i g feedstock v,111 have an averag
I#rol depeissing bk glth crbne sRPRETEBOLb: HU0" S SN gotiher
bet QUL ;400 20 AR wilieDQ0 RS Kﬂm@jmw Kooms
Vi s@%ggltnﬂq e 579\07% C% ﬂ)ngjtvﬁsﬁal i/ Fall”w thin the
r angmaﬁl afr Lcmlaft;wmf@i w}@n prapasioie p@z pmst dtpm:ﬁ@na@% oil
boi e. boij .
typ}ﬂé“é 1'% P‘j&“poﬁe‘“ Thﬁ| Y ‘l %é%"‘ Sgk}fou o @%‘6‘& -\ ‘é{mr ‘gﬁ“ .
1t 1?}5@41*_&’;&&\6@&&{1@11 Li@foasd diesrdetigher nol ecul ar G >ci M ~t
I a dlocrarboaas are nore effective as pour point
28iel,r ;Ind base oil blending conponent-1 than the
! OWEVtha;QA l‘lf_cgﬁl d?ﬂ'aﬁ ﬁ@i ?g;h;to VQqueQ%ﬁﬁg@l@ Sy drd ¥OhETRN bitorhNGoduct
mol ecul ar pour point 15 depressing
basehdnht@hmmﬂmng;m@ﬁboﬁé%imﬂmmﬂhﬁﬁéﬂ@ﬂmbﬁﬂﬁﬁké@ﬂéwﬂf
Oon?iepqg&;%%; lese QH b%nc%ng compunent may be enhanced. The waxy product

separated duriny solvent dewaxing from the bottoms has been found 1o display

]
L5

improved pour poini depressing properties provided the branching properties reniain
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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cut points in the fact. siuutian colum which result
in a higher boiling bottons material are usually pr

W@ 200048168 when preparing tae pour |]ri de ArcBCT/H8§2007/066080
base oil bl endi ng conponent. The blither cut point
al so has the advantage of producing a higher yield of
the distillate. flse oil fractions. 20 It has also
bee&%z&l"\k’ﬂ@@hhﬁ! ng 1 SQLY e&tstllqﬁg\@ﬁbtﬂ;gm it‘&u!}‘u whiich has been highly
yd droiscirrieri zed bottons product at a |ow
t enptertatcm;i égwageh Bright] syock j_i}[hwtmmdoexgsbas@ pidwhich is named for the

f f
g llyi.%l‘;ll Sagg ?)(Lb ﬁwfcqﬁ; i ie) Lug]n(i,]él :‘:Peﬂ “1%%&& Wil ll%%{]ted Q!Ibll‘ali\

pr Qﬂiu&t  R0SEPAralE grotiagl ﬁgmsew)sm ﬂd@\?\s dvid ﬁmometdnz&; y ranging
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Spoi o e A4 S pap ol oy bRt NBIGE GHERPHigreen ound
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i nvention, %he oil'y product rreemwest after the sin
entwd@bmt ol the penanyotionf bk beghiisopk siplilige hydivisopstized and
poi nt a : ei ae Cl o
P gt oS8T oA % PP BELEE 4 hieh Bl s U by e PPt
t hehak baih fhendnd b@ﬁan@dmf@‘mfa@ as apoopoinsdepressiag Witsk alllbending
the ~atne as already I ,t r "t~~ | atv ve.

1par¢oidgrsdt|ly preferred for preparing a petroleum | a3
| pour point depres d n.e base oil blending
conmponn. ani n- bight stock contalnlng 23 WO
200THe k8468 PET/:USP0 mwxlmém@ng bgge il blondigaxoepmesnt .
peer kg P S e A0 LATRn L35 e B i
hi gh 1askismagitd yndase pﬁfdnmmdm % m&’nﬂftﬁ ﬁmhng hege SUS:
is.osity at 2'10T. troI erjved brlght

15t BRG] deRsvEIeY; %E@%l?@‘lr s S 6& s}i-"mﬁtﬁ V[0S
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st otk 0tets Y€l \\flﬂ‘@dﬂﬁamﬂﬁﬁlh xeessoF U ThEE 0Ho ke H‘d”b*é‘

for. Hsievfﬁ%% G me oﬂngnc m‘p)tiﬁ thd*gﬁg %ec? {St:lx Bg hp %ét?ol@dn dat?'h@@ ?bEYI

conponent iI'nven ock s
be Adiy: dcpl%smwl ba!;d dzlyblmdﬁ@ camqiomnamei@pzbhomﬁlfaly witlein the range of
solvent clr w prepared solely by .. .

25 Soloabo 310 gt Stk ranchis P B RGnAGrS Hu8 Prsfizpbly from

| esg, ef § RG beﬁ/{% ﬂél@mp&‘ég pRNGOLtarBaPi&sSI Ng base oi |
bl ending 10 eorc¢? v)uo ~t. The petrol eum derived |

c?.ur: point depressing base oil bl ending conponent

Soecific Analvtical Test Methods

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

nicasured by ASTM D 5956-02.
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preferably will | :ze ,3 1 .~r.."f,r~ content of |?
| east about 7ti i=.w ~ Of, n;or"e. preferably at
WO emsn1a®B w % and rt.. t preferably at icc-rsPCB0S1001/066080
: The boiling range of the 15 pour point depressing
ba, e nil bl ending conponent should be above about

95(:.,i The 1t i , ilin; point should be -rcater

t ha T%Qﬂ k05 11" 4dar tl?a lit,t pint in excess of
11501*_TTEKK3 bi iti:r prc"ned. The average degree of
b.nncliin) in the r c.? . s rt the petrol eum

der 'I q tt”pa %a ot ]U’lé RO %Fa% %H{ §il F’rla g, LQI%%)%Q ﬁéturnﬂ;}e%r\ql Won 4\#\13{ by

onpoae
20 ﬁ&@ﬂb&h@ﬁh@ﬂrﬁﬁ)about 9 aIkyI branches : (-r- 100
carbon atons, nore preferably from about 6 to about S
al kyl - branches per 100 carbon atons. Specific
Ar Xﬁl ytigalate J@8kioNet OGS of 315 ORI Hon in deuterochlorolorm.
S .MYitics were i 7Zc’ d by. ASIN D' 9 30

PourporutS ak, re by.AS I|. M O _595C-02-24- ,

200 /11815 .

008, 1 SAa8 ECTLHEFAAL SRRR0 T Ll & Pl qﬂﬁ“ By

pr ot on- Nivkurbiply rettvendeahd chemmal,lshtfbmm)mﬂﬁ T 3Amsﬁ’nmpm migst Bave

ol ution Qf 5-10% of the test.hydrocar oq il er/ADC
¥eut cr ocl rw&r%r TP2C 18 Ao it A RGP AT D‘}S“P%t”&‘nm‘ Aver
spect r unyatn a40°l8RS s a%ﬁieﬁpﬂ& $REGHER ol B2 8fdmun signal
accuratel y rof renc- hem cal shift (7 pnf }>:is.
The i nstdigitgation dyrsmihaee o 65 S08- Prelprably tyadyparpiggongs will be
acquire 4 t hout overl oadi ng the
rece|ver?5§Eg£?%0¥%en a 30 pulse is applied, the
instrument nost have a rltiil niunrsigna

drgrtrz tion d 5,000. Preferably the
laynkni caMS‘f'?{j'é’ {%i lfﬂleg“‘ﬁ‘em“ﬁgb"sgbﬁ’”%? nore. 15 C. Measure
the integral intensities betmeen 6,0-4.5 ppm (o0: cfn)
2.2-1.9 ppmtally, tlie) 1,9-0 pptn (saturate) D.
Usi ng the nol ecul ar wei ght 6¥4Pﬁ@mﬂ@§wm3ubstance
determ ned by 2.2-1.9 ppm {allylic)

1,9-0.5 ppm (saturate)

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).



ASTM D 2503, calculate: 1. The average nol ecul ar
formul a of the saturated hydrocarbons. 25" 2, The
war@ragassol ecul ar fo antra of the oielin 5 ThRECT/O82007/066080
integral intensity (-sun-r of all irltewgral
intensities). N 4. The integral intensity per sanple h
ddna: n (=total integral/nunber hydrogens in
formul a)s . Won2Q0:(/:11846& E’@}Huu%%@&m@ﬁﬁ%&& intSurat Hae
riunbev of olefin |aydrt tens ( =olefin ~i< 7r ill me
:"al per hydr®@ger). 6. Thenunber ol doubl e bonds
(=ol efinhydro srrtin.es byLii=~:4'rat:If 5 ole to
formula/2).. The stfsr;, a?loins by Proton N\t R = 100
tines the nudbenmnmxdbwbbéimw@ndskﬁmhﬂkm~ emg hylspaest in
hydrogens in f CP| olefin nmolecule divicf,Hd by
the nunber of™H Qﬁ BYEHE in a typical test substance
The wt % ol efins by proton NMVR calculatlon proced arc
D, morks best when the p ercernt cale. rs; sul H
l'ow, |esh thafiaboat-insbypggn YR =100 Pimer Prgniveronggdle

"conventi C: aggly@hf E'ﬂﬂ%wn'bex%ialy%%wg hp&"tty?igfiimh?ﬁ WUhol&dule
those ol elia.types having drogens attached to the
doubl e | ead @iadedby dwemglbr:mflh‘y@ogum ina apﬁaﬁaest substance
iglnylldene cisy. tiaras, and trisubstituted. These

lctin types'VﬁTf have a --tectaDie allylic in etleti
-i integral ratlo betmeen 1 and about 2.5), Wen this
rati o exceed it iI.rdicat a hi
172edhe pif ofefipy E‘frnrota? Nf’*@% FACHUIE PTOE ‘é‘d I“@FW“?@“‘ argn the
pr e3&0Ln Qf%gw; hﬁﬁt idiofd REEREN tﬁ%ﬁpfm@ﬁ/@ M$e ofHSd mbe veade

to Calculate the number of doubl'e bonds in the sanple.
20 ﬂmnw@ﬂmnu?¢ﬁm$,@%aéuHWd@ﬁmvﬁywHﬁLE%QNhﬂmépwﬁm‘m“

B ubidiens iRl B TERR b Bupond UELE wlh, Bl iy wans,
the add ishiistitueuat THeee slefi dy ﬁesoﬁ fithhes dEE:ZMb]EIaﬁ{. licho 3lufimestegral
as Hew ett Packard 05 Quatern e nl.

1- 1 T30 Betvysgh § BRGARREE: ﬂdﬁm Estie 6%&&9&5@%&% ltf‘nﬁg°a|‘%|f‘éi‘g1‘*er
v }’\‘?}En%rﬁaﬁ Qi AhiGdila sﬁbﬁltdtéd A1t 2 A0R0 R 8 @raMif @Y asbumiptions
- is -

roust be made to caleulaté the number of double borrds in the sample.

Aromatics Measurement by HPLC-UV

The method used to measure low levels of molecules with at least one
2% aromatic function in the lubricant base oils of this wvention 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 molecules elute Hirst,

- 26.-
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oy SRpEBtogARE ARERN B Ao B chflch I R PP st
el utd)mg)uadammt ihe d*qmasrpmwrrd@mmsmm@edcby fr o grovtalien gﬂl&mion
lgh agﬂﬁgtgﬁg W, lpm&n%algrs?dbfir%m&\g%%%ﬁgg g ”*ﬁ‘llﬂ‘ ntag By nmnuﬁlg evag{meting
r et @Rt QR EBoweRdaRet@ior tibay c@h@:ﬂﬁtdq@t mﬂ’eﬁcﬁtﬂtm@mldS
time -window limts tor each aronatlc cl ass we

det epsiernedhay PRIy e PRI A LTS D PGB ve similariy
?Ffrgkg Bg‘ﬁ&&&%ﬁ& Et%o;g»(m Le;}é&h[‘% w@%épﬁ&’& Sty dld hierenty

assi .ate arona ic C
| | ssnhds echyomndshedrs olgpoakd um:gﬂ\eammm API Grop [ ang I lubricant

«5D i gﬂpound absorption spectra, Wth f .-w
xcepti%irs, , () navy five C (asses of aroioetie

conmpounds were observed in highly saturated APl 7rs
pup Il and 1l lubricant 20 base oils. 1-1PlI.C -UWF
Calibration 25 11 "TIC-UV is used for identifying

theggqqlg§§§§ &a?ronatlc compounds even at very 1, s
le ,¢cF T-Flaa arc--i:-nx cs t\ |,i, aally

aabscrl L to 200 tinmes nore strongly than

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



aromatics..!.li_,,1-".Ubstltution also affected
absorption by about 20% y | I;ercfuie, it is
WO ponisels u use 1-1i LC. to separate and i dentPCHUS87/066080

various species of aromatics and know they absorb,

Five clas-es of aromatic conpounds were iclenii ied.
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I%P aé@%@{g@&\égﬁ?gip%xﬁ y cre “aqxu %,c gov a%eﬁifml’tquag, i%%cipe HVEIT q@&r{(ﬁ?fcuular
wei (eighl i eabDRrobige dlms@ks.as h}@ﬁox&hbhtcﬁ&mﬂ & !he [n ehigs molecular

calibration ni, -thou furth-., i nproved by isol ating
t hevgiehifgtharanabicsil soorli rect | y fromthe |ubricant
base: nits exhaustive 11PLC :-I|,r-_, nntography;

Calibrating. directly with these arar otics elim nated
t heThis saliyitioo m&l’raddkauﬁmémtiaipnniféé‘« isplesiprihat-ede wiaktiehe

‘ pis xpeted { [ ﬂﬁtp Jg%gg*ic
an,g ié:%hggrﬁu[ e Bwpi l%aéS%F Vg 6\1111113 e R (gn pjngtodlaghy.
conpeuneiReEasil with thesk bromatis SinSfidled the adsiugftkons and uncertainties

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
LA

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

-4
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highly saturated lubricant base oils were single-ring aromatics.

High power, long duration, and geod baseline analysis were needed to accurately

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
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base oils ¢ this inventionl n':re ch~,rac?on "ed i?v

bIMSiiito t ikanes

The lubricant base oils of this invention were characierized by FIMS into alkaues

and molecules with different nurmbers of ansaturations. The molecules with
25 different pumbers of unsaturations may be comprised of cycloparatfing, olefins,
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,

- U!}mllllrd[l()lh msaturetiom & unsaimcmons 5~ llIl‘Sdt’lll‘a.llﬁnb and (“'-Llnﬁdtm"ll!()l}'\

(5]
g
p

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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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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mean any nolcculc that is a Rise d nxultigcli
W@emrateaa hy?rocor' hc' n iiiig grove of two or PEF/ES2007/066080
fusedl rinH, any nolecule that is substituted with
once or it ti,t : [ .1Sci nmultic relic ;saturated
hydrocarbon 25 rilrcl gTOVIPS O MO 01 11-101--1- ote
fused rings, or any nolec-rle that i- .uhs?ii;rte.d
with nmore t4 all on: nit nocyclic Sct.L.)" t't
hlddr@cmia ik profdes! P € _ t 71'11 ciarboins. 1.'b.
fuséd mulTtre, LITC Saturated hydrocar bon ring pret ~r
ably is of fused ricer, The <cydol era finic g orpt?
ae Ji:"he t%rgm LoR gm ‘ré(m ‘g mLﬂalsL u Q‘?ﬂ‘@' L&eﬁ@fr“ ‘eﬁﬁo {'@{b%a?t%mm
trtu Re Har I vC uJe bunt are
Hot by Mﬁivhﬁﬂakmhﬂﬂ&m Libfrglumﬂiom@} ( )t‘rii&lﬁfdccartli,nw B0ihe following
napht hal ene, d the I.i_ge. ) 20? s of
PCTRUESD B QORI R B feshT i r B 17 PR dias o
_nCh!.h@?m@é@@@H B@? Phndhge E@%ﬁ@m@&! by of sk heripresents from a new
i nventi on was determ ned by anatv7ar, a sanple o 1
ci i pracdst.r w car bon-13 (13C) NWR according to the
-following ten-stci? T,iCce,S.. .el i _fl~ :Scited
in this de-cription of the process provide details of
19 helpr odeasift the CpishraiBh epserk amicthel CH; Amechplendibationipomed

only on the | rraterlal f.ro rocgss. .. 10,
oY (on bbby TR & oS G BY £CRSSn, k.
branch tetm.natid@tic RYbMES: Usbng, thgr DEPT P, , |se
sequence (Do-1dre<lt, TIT., Peixgx, D.T.; Bendall,

ltif.R, Journal of M\/Ia,, c fir' )- rconaneell‘
189) 323@: drify lﬁzl?‘ &I g uXrbtnréE?m Qﬁ%‘]ﬁgtq‘% b&ﬁ:ElQQﬂﬁaaternat
i ni tzati ngnul ti 1 e branc aternary carb onsy)
16isi ng t h&nb@:ﬁm upmig e f‘dﬁ”quésmcseqll(eﬁlcz{f‘m, S8, J\hoo e8P,
dvry rrrn rrf e sr: trr t
1982 46 5""’1“"1‘“’5’7?]YL mﬁks@‘?"&”‘i”ﬁ P‘&? %6' IN branch carbon
resonances to specific branch and Iengths using
tabul ated and eal olatc.wd vatf-ie Li ndeman
20 Jbur nAfsigathy vapipps frach gebep jesomppges &h‘ipwd%‘el’mwh PW*G%
43) , Libe Rc{éx iefifa Rbs (Lifdfha, 168,
1981, 31%’f l“‘z‘éé‘*lg PEREE L angafonjai RlaRe (i, (0
“()ppnj Zimtdﬁyﬁ@&@{a'fme inm’}t:w:’ Chemu;r} 43, 1971 1245f1%

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
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3-nmethyl 19.3 or 11.E 4-nethyl 14..3 itetli 19.8 30
Internet ethyl 10.8 Internal propy.1l 14.5 or 20,5
wo\eaozacsas rneethyls 16.5 WO 2007/ 118158 PCT/US2007/066080
PCT/ US2007/ 066080 4), Estimate relative branching
density et tThi LIB. carbon positions by conparing the
integratedintcnsit o? the pecilic carbon of the
rrethyl/al kyl gro tip tothe i ity et i single carbon
t~ .1ticl is equal to trial lat . rai dunber t?t L ii
115 5 Ggtimpte pilwsk bragelgngdepsie 4 differengearharpositionsdiy opparing
ter m nal"SAGEERL By Shh e e SERDE e PRENAIIEER RPne
r esonanceenspost 4 diqk cahe (Whtcb mghg& tovasal chitvgrd admibyr afiwerbens

b~2fore ~tunat|n t he. densi ty. .If o
- et hy 1P REH PSR Eor B i ek i e Granch,

t abul at egherd fo$h th€ RALREIDME HRMDbriR ztﬁ&ﬂwﬁodcﬁﬂ' RIS resonance
triust b<. suNras -wdl tli avoid tk ute  1l1la colLi ntnp
10 5) t popiPenlteiptensithaandisidad by Byrsdie TREeapg the bypnching
C: | T DO RUIDR e W A byl ﬁ{&%nmam«bﬁuﬁuré{aeuz%@& its
accuracy | lubric-, . materials ividing the
nmol ecul awnweitghtio of 4t~hethslampisebebybtmtc(iW@tﬁfhddublcl dounging.
(>I cight of CH) 15 6) The nunber of branches per

Yol ecule is the stini of the branches found in step

4. &} Theunaiehveedpe abkyd nibsRAAhe Sy c4B0n ﬁ@ﬁlﬁh@ﬁla}, be
atons is calculated fromthe nunber of branches

nol ecul elefesniapd gih pylhent pograsy fordubsiget agieish b &#‘ﬁd‘€$ the
20 8) Esti B, ;

estimato blgﬁs'agf?{fﬁ%ﬁﬁlnipggﬁs}&wﬁfmS}ieseca%uhgu] W
percentage_ of nethyl hydrogen (c )~.- iniical shift

l%gtn ?)rmt e “va%é @%ﬁ” %’ ?ﬁg“ﬁ‘rﬂg‘u 3 h“'ﬁ % gcar B‘mEheS found i

corrposMgt@,n;. 9) Estiniate Bran{ lout t proximty
al'). ha BP is estimated by t NWMR and

T 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.



presented aspen istage of recurring? nethylerirt ca

buns which are four car nore carbons away fromthe

wepe7gtsasp or a hrrnah (represented by u NVR sPQIEE2081/066080

29.9 ppn) anong total ,?ri )rs as est iiid4 .d by NMR n
the liquid 30 hydrocarbon onpos;ition S 1~ WO

2007/ 118158 PCT/ US2007/066080 1 i1}' t_':Llculat,
thegfr e%fé@iﬁmﬂ redexbéPEhdx ¢ %ﬂme rRCHiSe Q%@sedeSS:ﬁm in

units of benr. Counti ng e termnal moil 1 c, as

"one, " ph'éﬂl et Beomstingribe hé'mmlceleﬂa\ﬂ ar pReEhfsRfiop apone” the

greater .carhn 5 straight chain
terninaf&ﬁ%?ﬁpﬁkgrgg%§h1a ‘?%ﬁéﬁﬁﬁﬁﬁﬁgﬁgnﬁﬂﬁﬁﬂ% I nes

bet ween tdrinidal wethyl of {129, '@rppmtmﬁdllfzgrk@np’l“m ganbans EHP*»&T
carbon e meas uy-

ol o oPaeBr EA st et e FERDE Gr ik Thore
ﬁD|eCU|%§d@ﬁmLﬁ@ﬁﬁﬂﬁﬂ7'e ass in sttt) 5.: b. di vidc
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area by the average carbon nunber fromstep a. to
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measure the area between 29.x9 ppmaiid 71, U6 ppﬁ]ln
the sample, amtkpi. d vidc ' the integral area per

]garlh+'ri fromstop h. to obtain PCl (EP1052306A1).

0O Measurenents can be pertbrned using any .courier
Fransf orgm NyRid peabiDeioh-13. mte@alefr@r(ahi.wmmhe, of area counts)
measur enents_an, perforned u5|n% a spectr ng_

a magnet or bytgavergge cgibanpupber| ‘"ﬁma‘ﬁ“lp & Hedan g]f“t"%}i'gm e
verification Qy.Mss Gpeeigiometry, UV or an NIV .
urv,c.:,r th&t aroi 3ati,.~ carbons were "hsert, the
spectral width for the "C NI!IR studies << to t

turated carbon re ok | fqé&q& le. and
kP & e (t elT°AFHe ‘? %d‘l"*‘éi “9 29 %331% ‘%“Q'ozﬁ)g’ g ié“s-“‘sb‘of%pb‘y e
vui -, , .. .0t ni chlo roforrn d 1 were excited by 10
pulses foIIom#g% hN a 1 3secondacqui i uon % U vd B
order tdni nidi é”fﬁﬁﬁ‘fg‘a HF% P FPpon from step b. 10 obtain FCI

(EP1062306A1).

"-J‘:

20 Measurements can be performed using any Fourier Transform NMR spectrometer.
Preferably, the measirements are performed using a spectrometer having a magnet of
7.0 T or greater. In all cases, after vetification by Mass Spectrometry, UV or au NMR
survey that aromatic carbons were absent, the spectral width for the BCNMR studies
was limited to thie saturated carbon region, about 0-80 ppm vs. TMS
(tetramethylsilane). Solutions of 25-50% by weight in chloroform-d1 were excited by
30° pulses followed by a 1 3secondacguisition 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 0.03 to 0.05 M Cr(acac); {tris (acetylacetonato)-chromium{ill)) as a
30 relaxation agent to ensure full intensities are observed. Total experiment times ranged
from 4 to § hours. The 'H NMR analysis were also carried out using a spectrometer

having a magnet ot 7.0 T or greater. Free induction decay of 64 coaveraged transients
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branchies i mc ude, but are not limited to, groups such as methyl, ethyl, n-propyl,

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



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 -~
"ttt pn1<02 1;11tli", f]]17] <6 n-para# sirs by
——?%i@1 ?tie 0|I FT-7.3. was niadi the

||ydrotreatcc 1)1 i1l hied Flseher Tropseh W X

by h drt7isoi- nerlzz%tlv')

. | shhgfrotfeygi cplak pater Sgn‘?“&r]'i%f-’‘*b'l* ‘éﬁr‘bl di“f %ﬂ *"“‘&lf‘g&‘&t Ity
t 3rget, l1lle lase oil had the propertles as shown in
Table f. Il Table It C \ Sanple :ID - .illol
Properties F F-7-3 va>|XoédeIt OCOC eS 7.336

viscosit\ | ntde 165Pﬂ$uﬂ&| Pun 'C -20 t|l i Lt - ~
S 1111:1 | (w ex, "' } Nibogh, #h2 10 / [30.2777 /855 { 50
906 /90 055/99 " s|BOiw,; ppm <6

n-paratfin by GC, W% 7601

A base oif, FT-7.3, was made from the hydrotreated cobalt based Fischer-Tropsch wax
by hydroisomerization dewaxing, hydrofinishing, [ractionating, and blending to a
viscosity target. The basc oil had the properties as shown in Table il

10

Table 11
CVX Sample ID
Sample Properties P73
Viscosity-at 100°C, ¢St e 7336
Viscosity Index 165
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 o <0.021]




95011 1 Rta tl.0_" 1 22-Ring 0Q{) 146 3-Ring
0. 0002 4- Rlne 6. R|n57 1.if'.31 Total \WMt % A rt nmaL
wo2q07/1081681 ") "t i't 01 ri;,s 1.45 F I MWt PCT/USRHF6080

1 tn-1"2irrii ion 2to Jns | I?rations 00 ..1
oval 100,0 Total wt.% Ml ecules ~vltlt C
yslsparaffiinic 272 F1l1lllceiil'.l :litN, Ratio o

N op@ehidd) 11 8~ tli to " idtic "clor .r 11 ins >100
inthe qlSa 1c 't. VI s Ln(E "151 0 0)' 109 rractinrl
Coe fl i oit 115 ::S# 0'. 3 WD 2007/118158
PCT{ Jysczlg‘gl?i/& Qﬁ@ﬁﬁhnﬁﬁﬂ&n%ﬂﬂélr 73 WT(';I?é gi@n&'lﬂ Qﬂt@ Lﬁflu}gﬁﬁﬁi EP
| ubri cant usin .3 were bl ended, gear
Lubmitigamtad&Rve ami:agwedhe achd iubrigant gﬁhik@gv@skagwn@a ped \iﬂtm
ubricant addi iivC p ek ge ) O 1 I - T o ST W =
bhotsrarts T8 w5 e AT o ar D] wf R B R e
rni c(mmd;dlmmtﬁlﬁ addftived. The dildiiiwe aised in G@n‘mmﬁdi GEARB were the
ot': ~r avdr? tines. 1'Il e 2dd|t|v?s use( (n
and‘*a@ -as ﬂagb\vuse@mrc@mp]qgnl @%ctteﬁ@ég @Ifr%rCDHlU!ir ear L?bxtuﬁms

1i n@‘{\iﬁd T Pr\, ﬂfdﬂlxgymﬁﬁ n ¢@ ”\ﬁt \&(Jrl Y s ds li%g-{med 1&0}#@@&1&

Lubric:al? ditives used GEARC wer e
he padetias oft(l ht@ros é?*et@éﬁmnhi lobrFHReDele®) aaﬂ ESpy sduesistend

dE ) i L ATt
&) (R LGl 0 r Ry of B Pl P Midan

Cor per@ticonmubiesd irtamdili { ces of these three gear
| ubricant blends ifs: sunmarized in Table 111.

Table HI

Component, W% - | GEARA | GEARB | GEARC

§/P & Borate BEP Additive 650 | 650 | 480

FT-73 ] B 49.75 | 11.6] 4035

Citgo Bright Stock 150 43.25 §1.29 §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 (.24 400 |

Antioxidant 6.00 .60 0.15

Total ] 100.00 | 160.00 | 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 i Table V.
20



Tabl e

_ III Cr Tt3 c:Ji)~t t )& CGEARA (LARd~ cY -'KIEL:
ai . '

;1. 13 al it FT A-1-Ative 65065041[ fl
wao 1@1/11!815_25 {_ i tllljg_ Lei J it ek i 5{) ' . PCHUS200)/066080

:312 OMOQ g 84 (1)360p| nt &Depres_santlfiq lef 0.""0 0.80

-- 0, i & 'rr ion Inhibitcir
Aitfi'lb fii Avent 0.0" 0.02 0.01 Dfs ..
ankl d7et ct 0, 00 0'24000'&{)} -- - -
. { I I T I o YP-TOOP= I | 1 4+ 11\ NN [ AN =a 4Faq 3 .
l. wﬁ?&’éb}“}_d‘ |41 Ll dU: USU gt i ':_Il{;g)'i‘ﬂ“l ,‘k_l_U _é_t GE&&, LJ_I I (i_‘)ﬂxkﬂ(,
',,1-“ Seosity R - ! s b 1Y
o Pormarr b L T
i gmﬁamﬁvﬁwﬁ\ e e T ks 36350
I lBralkﬂle Vucmﬂy d‘yw % {rl PRSI LTy ST TT UL gl T'T VT
N }caam Fritr-nedctopar g tini e finctyrn

dity> 12' 1SC|tgo Bri ghtg St bck 0 is >etypleturn
derived Group | bright prqb§ ed béy@ | v'ient OQOE\Nax n 1000(}
Thie propert| es of there tdg i | di tE(mrant geafg | ubyi capg

bl sh Fned SIV20 a7 TWO 2007/ 118158
PC Lﬁ‘é‘é%{) 7%‘6@%8 Lr’agplé‘ﬁw Plo-thes +[3 t ARr; B

GL'“\xb-dgE S&zﬂ%liin a!i tafter 20 Weeks at
Room Temperature, L ;qi‘uedlmem 200 20 240 ]
‘\lomne Stability after 20 Wecks at 6b°C
Liguid/Sediment 212 20 211
[ 8,°C ' | 26 : -12 .26
Brookiield Ratio 2199 1408 2498
13 x e TR IR 37833 14199 37833

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



-- ~'ONO90 -140 RINNOO 5 NY it:- ii;to- ( c, } |
1.111 25632 p Y1 BIt I*I i<z; | Tecl.iicl "a iscc

WO e@7/1181581> z t,f° 35650 | arii Setl1ll ON 0' 0 BEDUSHET066080
11 0/0 0/0 10/0 SO 111 0/0 o/0 O/0 Cu Stria Co rrosl
11T @100,C for 3 flours 7 2C1t E->osit.e -1~6~1i"' 3
ilf~a ,after 20 \"vvveeks at /0 210 2/0 4tor E . tit

] %a& fﬁb Q/nmu; u;a e «toméh%xi%o )\xziz)grgrn%? n%/numiu%ppg\[ i’l';ap uﬁ’pusmn

Rat eul. PrpeCingBNR Fscosity indexinpAdedddQisOl kb8P of IGEARRAnples.
and GE ARB are excellent gear Iribricants for all

types cf Monurti ve and 5 industrial 1Ff ;"!"111"
Et ndp88arsd cEREY ol ©iaSkid g B Wi of R @i, 8fscd hn He%eioht
Ali Titlferentials They neet the [~ : Itsel. ')'e’?lts

I orofttheto BEG:a0 BB, Saveng de Kook dovizgy, Iﬂq\m‘ﬁ}ﬂ\ pFo-ram in
Dana/ Spi cer axles. GE.AR al so neets the requirenents
for extended service in Mentor axles for 500,00 rile
oi | o)di - absk tifn 0@k WARGrdsaticeleal |y suited for 1 -.av duty
rnuitial tlansrnissions for Eaton's 750, (x00-mle 10
ext ended warranty program for transm ssion fluids.

b} greater than 20 wi% total molecules with cycloparatfinic functionality, snd
i
¢ a ratio of molecules with monocycloparatfinic functionality to molecules with

multicycloparaffinic functionality greater than 12

These examples would have had even better properties if they had been blended with a
15 base oil having less than 0.5 wi% olefins; and with a bright stock that is 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 Example 2. The

formulations of these comparison blends are summartzed in Table V.



GEARL, CJ~AR13,an and GEAR are re exanple-, of the

gear lubricants of this invention wth very v, Brook
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These comparative blends made using different base oils did not have the desired low

sy

Brookfield viscosity relative 1o 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 e ©9* ¥

None of them contained any of the preferred base oil with:

a) less than 0.06 wi% aromatics,

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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Fredd, FL43, FT-16, and FFT-24 are base olls having:

a) Tess than 0,06 wi% aromatics,
3 b) greater than 20 w9 total molecules with cycloparaffinic functionality, and

¢} aratio of molecules with monocycloparaffinic fanctionality to molecules with

10

multicyeloparaffinic functionality greater than 12 FT-7.9 and FT-8, although
having high V1 and total weight percent molecules with eycloparaffinic
functionality, did not have a ratio of molecules with movoeycloparafiinic
tunctionality to-molecules with multicycloparaffinic functionality greater than
12, PT-16 and FT-24 are also pour point depressing base oil blending
components prepared from an isomerized Fischer-Tropsch denived botloms
product. FT-4.1, FT-4.3 and FT-7.9 had pour peints such that the ratio of pour
point, in °C, to the kinematic viscosity at 100°C, in ¢S1, was greater than a
Base Oil Pour Factor, where the Base Oil Pour Factor is defingd by the

cauation:

Base Oil Pour Fagtor = 7,35 x Ln(Kinematic Viscosity at 100°C) -18

Al of these base oif fractions also had traction cosificients 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

|29
wh

coefficient less than 0.021 ars 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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10 The properties of these six different gear lubricant blends are shown in Table VIIL
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Note that the oil that had the highest Brookfield Ratie (which is less desired) was
5 GEARM. Of these samples, GEARM also had the lowest total weight percent of base

o1l having:

&) fess than 0.06 wi% aromatics,
1 b greater than 20 wi% total melecules with cycloparaffinic fanctionality, and
o) a ratio of molecules with ménocyeloparatfinic functionality to molecules with

multicycloparaffinic functionality greaterthan 12, The blends additionally
comptising a pour point depressing base-oil blending component prepared
I5 from an iscrmerized Fischer-{ropsch derived bottoms product (GEARH and

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

Example b

20 Two comparative blends of SAE 75W-90 gear Inbricants 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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Viscosity at 100°C, o8t

1569

15.36

Viscosity Index

a5

156

Brookfield Viscosily at -40°C, <P

157000

164400

Brookfield Viscosity : i ’6 "C.cP
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Pour Point, “C
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-26

=26

Hreokfisld Ratio
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613 x0T
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Beganse neither of these blends achieved a maximum of 150,000 ¢P at -40°C, they did

not meet 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

Higher amount 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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V" Tlised Bask blis Qscﬁﬁntthum@vzmi'un“ 1L functionalil~,, to

mol ecules Wth 1Vil. tI:ID7t"tI|an,

| h[ I cbi hcdityY > 121. The properties o lies . t~vL?
COF@,,—,RZ%[[_JI ve car | ubricant blends are shown in T akl

X able X'r I ns _t op. {"i t',AKN- Corm i
311 AR 1ct,'tal S\L U |ds 15 64 I5 1 ,c~sitw 13Edcx
110G e Pl (4 MO th 4 L o
t~ p’?é;ﬂse()jlé\pf; R‘fp‘ff*fhtf }@'d” menf_;,wé-on Vn:i\,é’l szfa{ mn%[ U’\CQ

| tiQeblkhm-thicd Rak @i Modr:Cd J1uher t8 F3HARdI T-wax: The - - - - -
Because neither of these blc:n achieved n In

i liylwisemstizegpeudogovas bydpiniglge apd frpctigngipd by vageim St‘sfllldﬂf*n

see r i ganl
I ns t'ﬁh IQ%R&CU%E(\&!S; 6%&&@19‘«1535%{1\’5&' %@t@ﬁl ?Jégﬁ{é%@Af}?tf i"%u
th both the L~onpztratl ve gear lubricants in Table 3<

were made using the sane heﬁu Bils as the bl ends i
F. —an}ple 5 _and—had-si-mi—ar M-Gh L2 E-et—tt—>- —
i ndeBE PRaYS di d  not—have—the excekk-ent—orv—Brbo—o
i+ e (0G5 he. pref err.ed—gear—— Las]
Viscosity Index , 7 i J 162
Pour Point, °C. N <13
Total Wt % Aromatics - 3.0168
W% Olefins 7 7 3.0
FIMS, W%
Alkanes 583
I-Unsaturations 34.4
Z-to-6- Uhisaturations 7.3
Total 1000
“Total wi% Moleoules with Cycloparaffinic Functionality 41,7
Ratio of Monocyeloparaffing to Multicyeloparaffins , 47
Oxidator BN, bours , 45.42
X in the equation: V1=28 x Lu(VISI00) + X 105.2
Traction CQﬁl’ﬁC-imit at 15¢St , o <0.G2 1

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

- 48 -



lubric'nts ofthis invention. Note that both of there

core parative blends contained a 1 5 hi gher anmount of
whawe/1t8158 (reater than .22 v. t o' P T-8) haviPgr/us2007/066080

a={ 1L#ennti al nunber of carbon atons, |ess than 40

w%WBt%total nolecule s with cvclfopa#i alli ?ti,c

functionality andal', o-'" DItlIC. C>S#1t s wth
loiii?2 ~~E?t3r3 | ftiniiy |50nci;o0i3 l[ttq.t .
m)l B %gewmﬂ o mul g donTIcias st BETFERIB A GREbHE"

?at &{h@ i rrdar fahiba in3Rkhfiunct i anat Ad Yideessnldnans didhese three
FT-8 had a | ower VI than sone of the other base oils

us efaat luprcaptios sumperegdon TaEsddpl e 7 S A base oil was

prepared by hyd oi"-on,tri t ~~n de"M' n _ 51,:'50
m x of Luxco 160 petroleum based wax and M,t- r e -,
5;luinger C80 Fe-based FT Viasble ¥le hydroisoi-ierized
pr pdaedonanasyiiydr o' 1i ni shed and f maspicandied GyARMCUUREART
di ssafbatét nT. A distillate inactwem ' vass\gebect Bav-90
havGag L itheanpropec Phasee vdasar | bed i n 7Rabl e XL 1940 7.96
Tabh@ate P03 Blditive €3" ITE ti i r 3 0 t. St:i}.7417FEl~
Infpho-362 t'njnt f | a Pour || }t&l.74, " t{ % ¢ 0
Ar obpatingssi0, 0168 W-/ +6 A efiins B0.® FI MS Mr% 0
Al kanesrbB3wed 1Wnsat xir tions 34.4 2 to B- 0 52.05
Unsgefwgati ons 7. 0 6798 19.95
Total 100.0 100.0 100.0

EHD filfhy thickness data was obtained with an EHL Ultva Thin Film Measurement

Systent from PCS Instruments, LTD. Measurements were made at 120°C, utilizing 4
10 polished 19 mm diameter ball (SAE AIST'52100 steel) freely rotating on a tlat glass
disk coated with transparent silica spacer layer [~500nm thick] and semi-reflective
chromium layer. The load on the ball/disk was 20N resulting in an estimated average

IR

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
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.

Table X111

GEARR
1427
160
127.9

GEART
14.24
22

148.2

Comp GEARQ
14.26
157

123:6

Gear Lubricant Properties
Viscosity at 160°C, o8t
VW oty [ndex
EHD Film Thicks w% nm 120°C and 3m/s

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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FT-7.6 is

It

bl éfrrwdns bose ol baddote tasitoreeiivients mage goeerdpg to Fic tegehings in
Vlgﬁqw-ak Bisclosed
ese

& hr;ee S. @eam;k;a:hind‘ti@an?ubis:aamrel\lossEﬂfibrzri-ﬂﬂ%@s atkd H0POTA 99GbTTel 4

vTti -

ca: dﬂTp(i 03

i dr*r”ﬁr% “&F&%b“
75W90 dear f
7,96 7.96 7.96 Borate EP ti

it
Sto

10

ot
¥

PTEEL g

1t11

tihzl ntt \dditivc

€ :,lgth% IF agie §\lge[t'"!a

e forrrul ati1ons of

“tcka"

ti- Ad0|t|~ (~.

61.74 0O

ﬁ piztegsﬂzpriﬁ.a o |I 1f’“i7§§%virlté)ﬂkc\7n ‘5 t“bﬂ*

(o Wth N a

Pf, QU uSt.30.30 24, 082@eX3Y 0 r F GE uBitgit
ck 150 0 Samiple Properties FT-795 | FI-T4 FT-16
Viscostty at 100°C, ¢81 7953 13.99 1648
Viscosity Index 165 157 143
Pour Point, °C =12 -8 -16
ASTM D §352 SIMDIST (wt%), °F
30 919 1045 1072
Total Wi % Aromatics 0.0058 0.0414 ,
 Wi% Olefins <0.5 3.17 0.12
FIMS, Wi%
T-Unsaturations =10 46.2 38.1
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 8.3% 9.41
Traction Coefficient at 15 ¢St 0.017 0.0135 | <0.021
C13 NMR Branching
“Branching Index 22.68 21.08 2172
Branching Proximity 2349 24,01 15.07
Note that neither §T-7.95 , FT-14, nor F1-16 had the preferred combination of a

iraction coefficient less than 0.011 and a 50 wi% boiling point by ASTM I3 6353

greater than 582°C (1080°F) of onc of the embodiments: of this invention.

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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EIID filmthi ckness data was obtained with an EHL
waQkdora1sisg n Fi | m kl easurenment  System fr om PCSCT/US2007/066080

Instrunents, LTD. y Jeasurcnents were made it |

O't.', utilizing a 10 polished 19 runt dian'icter bal

(SAE AI S1 52100 steel) -freely rotating on a flat

glass disk e t+ | vitl_ twin"l,ur rats ;tc. pacer

| ayl*émvln@ahf&@(}ammt Hie ek mn]lplam dméecinmmt\ of b nwentiopatisclosgsabove

i 5, OQ . ON
r eSH | tﬂdﬁl kur’r L theusq bh]lth.d iy iht, d Lcotn;ptgr { {lmn (m / h bg

(- )eopstrupd 1mallﬁ@ellaslﬁamrmld#éfel‘hodﬁ)ﬂhbﬁi@ti vﬁlﬂ@i’rﬁhs'amjk @f. tEé)O
CPa. The %Iass disk was rotated at 3 neters/sec at a
sl i%@8°Yed F8MS rati o of 0% with respect to the steel 15
ball. Filmtl ickness nieasctr s Sts ~}. ere' based on
ultmathixn filminterterotnt irv itsin white Iight,
The optical filmthicl<,.ness -values ti e.e
converted. to real filmthickness valu frotri tl1 w
teFr2c ive indices of the oils as neasured by a
conventional Abbe t itz:ct tT?"ter at 120"C. 20 Table

XH t tc Lubricant prop~rties Ccotxmt- t~c) ~; t t
itictr F: 12T 271, ?-1 Viti :i ttj .fit S<I"L
tilt 14.°5 14.27 t iscoslt'r ]Jt3d t I 160 1 LI |

Fifini I G ,knmss tine el 3 0{ tid-) ills i. 6 1279
[ 148.7 iucl_rit .:.,'thy Note that the addition of
the. FT-7,u bas : 0|I i mprov,-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 that had to tt ioni.e[l | _:tcnt.

made according t > tha ,cachin s to applic.if,ts’
eat:licr patent a rVIt4:Ettions are shosl-tl in Table
X1\'; FT-7., 'vas disclosed 5 in US. Patent
Application Publication Nor,. 20"50133408 and
20050241990. FT-14 and F 1'-16 were disclosed in
patent t p;i atir :; I 1'-")Q636,, filed Decenber 7,
2005.



Table XLV { __tt,r k PruperlFe FT 7.95 FT 14 FT-16

at: | a~c ;'; 7, 953 16:=18 vyi c Itd ' 165 157 11
woowr/iBafdtt, C -12 b .-1 ASI'M12 ,~" al 1DrEUSAD7/066080

/a), | 50 919 1045 1072 Total V4't 1/o0 Aromatic

0.0058 0.011=4 Wt%O01:'titl 0,5 3.1 r 0.12 F1IM5 WU
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23. 49 24l . |1t1ﬁ»~tmn@7¢1hc1@ﬂﬂm @t 03t whe menspredatakiggnatic
;, FT-14, nor ET". al [ snation of
t traction (\:lé‘te%“ 9{%;‘%13@%&51‘?&% Lﬁld;fgc?gfﬂil dttd a 50
wt% bni in point b A "1 Ml greatet 11tt|n 5' S2L

0080" F) 0| fon {he e ]t

Ter rd S 1s R e ERGROSE era %*at‘éﬂ%l%ﬁ?%
jppatent al~l1lll=ca ions cited in this appllc ttion are
l.crcininc<Ell ?t=1: t lct' nce in their emr .t ;'
t~ the gane exktBaearfubricgntpdditive. i ac | osure

2 The gear lubricant of claim !, wherein the gear fubricant has:
15 L a kinematic viscosity at [00°C greater than 10 ¢St, and
il a ratio of Brookficld viscosity in cP, measured at temperature 3 in °C

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

equation: Brookfield Ratio = 613 xe o007

and wherein B= -40 when
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.

304 The gear lubricant of clalm 2, wherein the kinematic viscosity at 100°C is

greater than 13 ¢St
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tat a co t-reblication patent [Ipplic t Lln or patient
was sp ei.1lleall" and I1t3diL"1 11 14" .iilill:aLi to be
WO pwonpassated b refeie c,e in Its entirety'. BOI/WE007/066080
2007/ 118158 PCT/ US2007/ 066080 | ianv tic; xifications
saf the exenplary enbodi nents of the invention
disclosed T{ ove wll iitadLiY Cc.~ rto those ski 'l ed
in &c-art, \c; ?1di Tv; | tI?Gu.ition is t o
CO13-SMLGhe geed iorigiy gt ‘H‘f‘ﬂ‘l%& el Tt pRRate "’““"’"’5‘&1“?1c}l 106°C is
me- khod: *&a&h%‘énf‘@éd W thin the scope of the appended
Cla ns. - WD 2007/ 118158 PCT/ US2007/ 066080 W HAT
IS C LAII\/E IS 1. Anmultigraa<. autonotive gear lui c
OIaPé maghe ar’Iub§1vﬁt of LQS%‘IW%Q&I%IH%P{ ;gn,%?lu\% 9nplf1 mgnk?@ﬁ?mm
s voeffl Gmelmevql m&: tﬂaammnmmmmmasmmmaﬁooa amd
Ki nematic visco6it of 15 cSt and at a slide to roll
rati o of WHFHh | 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 Iub_ri cant of
cl ai-m whiée gpay itbﬁéamgém aipul Mgt thihgese lubgiging is agrapgpisyien
itic vi [ rv..ffan 10 cSt, and.
ii. a riﬁll%g 1%%%@&13“4 Qﬂ d%%ﬁéﬁtﬂ Jdhn P r easurod at
iten perature ri in C to tk-oe I: |r|et i aoc vi
250"
:: EZI t ezug}“ Igé%.lubgf.g%bte q_él nfj{] 1%.1aﬂs gom }gv kstmg?o%glog;%gf@%pmonal
and , vheygl fistdected b %@Fhu\gﬁ of Ghept edeobplar ;bd’t?@&hml dedied
SAE -26 when the gear lubricant is i SAE 80W
and f3 irogplll, vq»ibﬁwiﬁiéhgéaw Pabelyel arobisobytess d@@w@sﬁ
XX, The g ?ﬁﬁ %Hbrl cant of claim1, wherein the pour
poi nt of 8se oil has a ratio of pour p0|nt in
1£, to the ki nermtlc IVCOVIty at 100"C, in cSt
’Oglr gggﬁg {gggg{l élilbnlggnt agtrifuﬁbb agdltzomﬂv compmmfﬁi potr pmnt 'Eprcs sing

base oil blending component prepared from an isomerized bottoms product
having a pour point at least theee degrees higher than a pour peint of an

isomerized distillate fraction also present in the gear lubricant.

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.



by the ,C lianoti" I;, ist, t.MIPour | clc:t{_J1 -
7.5"7 \1 "1(~:J3t'onlatilL Viscosity at. 1000 -1, ~
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having a pr ur point at leastfllrc . It ;ic tai litir

it hais. a- gaemepod ai dlaimoif3, ahdreinitisomer luzdant has a kinematic viscosity

distiliai .te(ﬁrtz‘rac;i %n @so present in the gear

| ubl i caff 100" o@r s han D Gdar | ubricant of claim 9, 'Y

vhereiii the pour point dcprs.~Jlrtg base oil

bl endi ng Conponent a so has a traction c hcieirt |ess
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Tte eargl ricant cal claim 1 c in ase ol l
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g-éebﬁ II Sllgeg%ﬁ@fl { %BE“I bgtﬁ“ ﬂCC Iabﬂﬁdgg‘: J\JAQL ol Lasnmeg LGN K Yoaxy

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.
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20

[
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an energy saving base oil product characterized by having & traction
coefficient less than 0.021 when measured at 15 eStand at a slide to

roll rutio of 40%;

c. biending the energy saving base oil product with an EP gear
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
The process of claim 22, whersin the waxy feed is Fischer-Tropsch derived.
The process of claim 22, additionally 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.

The process of claim 22, wherein the traction coctficient is less than 0.017.

(4
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20. The, ix ethod of claim1 a, additionally including
bl endi ng the gear |ubricant by additionally adding
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pol|l ratio 4u90 c. bIendlqg the energy savi ng base 0|
prodlict Wethardybricppogdaim 120 hFiisrihckant oihidi horigs prpduct of 1
make the@gﬂ& &&Jﬁg&}ng gear |ubricant; wherein the
energy savin ear lubricant has a I. |nenat|c
{¥iscosity at 1OOC greater than 100 ¢ St, 23, The
process .of claim 22, rein the feed is ., .. —
P other - Beasudibarotan hinsin (5% HTBES S taginpotn v
P it tAdnain 6352 nRalobthih K3E 4G (roforbel | a5 the e'ier ;)\
L caving base oil product with |ess than 2wt % based
on the total energy saving ai?i0?]. ptive gear
| ubkd cang,, Liy2d & Rl :
2!'5 0 ot e BuhROgRtY 2%, SR bt Plocbp todficiahe s than
1goefficieht2.is less than 0.01'7. WD 2007/118158
PCT/ US2007/ 066080 26. The process of claim 22,
whereinthc crie rg saving base oil product is a ' i |

lei 3ki el gehd1QRicEntRE SEIAE 80, whiéseinih@Radtioh WBSTiEants jess than
conpr|5|ng a Fischer- Tropsch derived base oil having a

Vi 5 greddeéy than 150 and a trt7ctioirt ti: oeffil
=i t less than 0,01 .5 when neasured at a
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),



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

roll ratio of 40% 2' . The gear lubricant of claim
wWQ@70074tk836%i n t he base oil is a bottons productP@f/U82007/066080

vacuumdi stillation. 10 29. The gear | ubricant of

claim 27, wherein the lase oil has a "1'10 boiling

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

F),,,SO h | ubr i ant of 2 rei t he
0 st ol 6 Sar F ol Bt Y oPiafen e Pl T oo gidd A fsbase
gear | ubminvgantagdhingliddemby 31 ~x0uR 1Y% heh 250 shdgbkha@sld @Bximiny
coefficient is Iess than 0.010, gear |ubricant. of
clai m 27 WheVisicatidB4de oil has a VI greater than
1W 20 The 13. A finished !e br+eant, Conprising. I.
Fi scher-TroOsch derived ba oil having a traction
Toetd i cilentinisesidultrlvam' of claind 30 M5 ewsn the iniveaidulriednat a kod
e St anqubljl a fide toroil rani f o 10%and b, an
ef fecti ve &ffount of one or mors |ubricant addili V- es,
34, The finidoed lubricant of ::.i ini' 3, wherein the
f |scher-1 rol sch derlved base 30 oil has a 50 t%
b0| 175 ng, Thp Sibeddybriggriof elpim 3 3dmreyy iBe eey MbRawmt Sogyomeear
Al z squhmt%pq]ﬁ,l;@;ﬁ@mgg;rl US2007/ 066080 The
flnlshed i =.at of cclaimb53', wherein the
¥€F| schr 'I'ropsc a _ |vcd base oil has a branching
pr g’%x i %ﬁ)}m %Smh%’w&r'\(}%%g) ég{} tdﬁ%lﬁ"l‘éig\’ c%m?k;,lrés?nrlgﬁ;'% Ogmole other
f i ni shedateuhs saani mj‘m tk szhmp of Grows 1 N@Hep n ;tdﬂalchmmuﬁh@d
lubricant is_a | ybricant. 37. The finished
| ubr i carﬁw%lﬂewgi TS ~‘fIWé%mV@‘h@l g@H’HSOPUb‘PH phalkylaed
Wor ni geafphihdidi cant o an FP gear lubricant. 10!

1

L

39. A lubricant base oil, comprising
a. a traction coefficient less than 0.011; and
20 b a S0 wtl boiling point by ASTM D 63353 greater than 5827*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,

Td
L

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°¢.,



3 The finished lubricant of claim33, additionally
conprising one or snore her base ails selected

WO e@7i1T8158 he group ol ' Group 1, Goup |l; petr oPEUDSE2007/066080
derived Goulll, polya.lpl volcfin, ester, psi
y2l ycol, polvisobutene. and al kyl ated naphthal cne. 15
39. Alubricant base oi:l, conpi iR 1l,, a. a traction
coe fICI nt |l.ess, than 011: and.20_h. a 50 wt % hc
i g,I‘pm e vams D%gg*s"ﬂa}% it "ﬂ%w%wﬂ@é@f@sw@aw
40. The pbubhid eans ihbasemeid vieksisl AMSY, nﬁ.@ga’tréa@?@{dhld)ﬁ%n Oil
con1Pr|S|ng a branchin;z index by | 1-sstba:l 3,
and -a BPERERh wheethe sy OaF Bour Rect @194@}*1@96 ey the malhmzz
25 41. T I ba i N
addi ti on%llﬁf m?gh'p%@g}f ng £ \D[A{K&feéia ¥ ﬁ% & ]OO (’e)r 8han
#2 ",ours. 42. The Iubrlcant base 0|I of cIa|n1391

29 oL STBL) 34 RSBl RRL S e g TR ¢ ves

| ubri camtpHiase @isbn Bf ASTRI 3K, additional ly
conprising a ratio of pour point, in C to the
kinerna:rc vise.o.,ifvat 100C, In eh , greater than
a Base re sFigitea
Fa?tgor I@ Sl!) gié)P?zg]éb & gglﬁ t@L em\é\%ﬁaﬁ’%}#bg} calk éﬂalnﬁ W o naphthenic
IFact or xabomi Kiel raa tf Viscosity at 100 (@) -18, 44,
The. Ir | ri.;"trj base oil of claim39, additionally
conprising greater tlru -r 4 w";t carbon by ASTM 0
3238, 45 .Thd heritdmhbast bi UidlaiRaSeadditondlly &ndh g 4.Fr@ Carbon
capri greater than 5 w % naphthenic 10 cad, o;r, 46.
The. | ub¥ce st edat®dsl of clai m 39, additionally
conprising a Free- ( irbon Indc::~ between 9 and 30,
58



