
5GEAR LITRICANT WITII ABASE O1LTh TG A,LOW TRACTION
COEFFICIENT FIELD OF THE INVENTION  ID_Ibis invention
is directed to lubricant .base oils, and finished
lubricants made from them, having very low traction
coefficients. BACKGROUND OF THE INVENTION  15 Others
baye made gear lubricants haing low rations of
Brookfield visoosity to kinematic viscosity at 100C
or con biriallees of petroleum 'derived base oils
with significant teyels of viscosity index
impropover.  For example, ChevronTegrw Synthetic Gear
Labileant SAE 80W-140 is made with highly refine
petroleum derived Group 'M baskt.oil and greater than
Pa% YiscoSity index 20 improver. Chevron Tegia0
Synthetic Gear Lubricant SAE 75.W:-0 is made -with
polyalphaOlefin and diesterbase.oils..Tegrat is 4
registered. tradetharkt of Chevron Ceiptatatiom
POlifalPhaolefin base oils are expensive. and have
less desired elastomer compatibility than other base
oils. Diester base oil provides  improved eiastamer
compatibility-and additive solubility, but is also
very .expensive and available in limited quantities.
European Patent Application No. 1570055A2 teaches
that functional fluids may be made vigil* base
oilstbaYing low CCS viseosity, whemin the .functional
fluids-also     base low Brookfield vicosity Nothing.
is taught regarding selected of base oils 30 having
more a. desired molecular composition or low traction
coeficients  Fischerzfropsch derived lubricating base
oil having a tiesired molecular composition.
Cohnnonly assigned U.S. Patent Application
111296,636; filed tjecember 7; 2005, discloses that
basewith 'high VI and 'having low- arornatics and
preferred high levels of predominantly molecules with
morionycloparaffinic 5 functionality can be used to
blend manual transmission fluids with very high Vls
and low Brookfield visdosities'at -40C Commonly
Signed U.S.Patent Application PablicationNos.
20050258078, 20050261145, 20050261146, and
20050261147 disclose that blends of base (AS made
Ircan highly paraffinic wax with 'Group II OT Glen!)
abuse oils will have very. low Brookfield
viscosities. commonly assigned US. Patent Application
Publication No 20050241990 discloses that wonngear
lubricants may be made using base oils having a low
traction coefficient made from a waxy feed, Commonly
assigned U.S. Patent Application Publicatioirit
20050098476 discloses pour point depressing tinge oil



blending components made by bydroisetrierintion
dewaxing awaxy feed 15 and selection ota be.avy
distillation bottoms pruduct. Commonly assigned. U.S.
Provisional Patent Application 601599,665, filed
August 5,2004 and U.S. Application 10/949,779, 'filed
September 23, 2004, discloses that multigrade engine
an blends of Fischer-TroPsch derived distillate
products and a pour point depressing base Oil
blending coniporiont prepared from an
isomer-modbottoms Product: may be madahavingdow
Brookfield viseoSities. A gear !nitric at is desired
having a higher k ne 14eviscositat 100PC and 1 -er
Brookfield Ratio than the gear lubricants previously
made. Preferably the gear lubricant will have a
kinematic viscosity greater than 10 cSt at 100C. and
will also have a low Brookfield viscosity relative to
kinematic viscosity; and a piocess to make U is also
desired. PreferahlY, the gear lubricant will also not
require high amounts at viseosit index improver.
A lubric-ant base oil having a very low traction
coefficient. and finishe 30including gear lubricants
made from the base oil, are also highly desired-
SUMMARY OF THE INVENTION In a first aspect, there is
provided a multigrade automotive gear lubricant,
comprising: a. between 5 and 95 wt% of a first base
oil, made from a waxy feed, having a traction
coefficient less than 0.021 when measured at a
kinematic viscosity of 15 cSt and at a slide to roll
ratio of 40 percent; b. a second base oil having a
traction coefficient less than 0.015 when measured at
a kinematic viscosity of 15 cSt and at a slide to
roll ratio of 40 percent; c. less than 2 weight
percent viscosity index improver or other thickener;
and d. an EP gear lubricant additive. In a second
aspect, there is provided a method for saving energy
using a gear lubricant, comprising: a. blending a
multigrade gear lubricant by adding i. between 5 to
95 weight percent, based on the total gear lubricant,
of a first lubricating base oil having a traction
coefficient less than 0.021 when measured at a
kinematic viscosity of 15 cSt and a slide to roll
ratio of 40 percent; ii. between 0.5 and 15 weight
percent, based on the total gear lubricant, of a
second base oil having a traction coefficient less
than 0.015 when measured at a kinematic viscosity of
15 cSt and a slide to roll ratio of 40 percent; and
b. using the gear lubricant in an axle or
differential. In a third aspect, there is provided a
process for making an energy saving automotive gear
lubricant, comprising: a. hydroisomerizing a waxy
feed in an isomerization zone in the presence of a
hydroisomerization catalyst and hydrogen under
pre-selected conditions determined to provide a
hydroisomerized first base oil product; b. distilling
the hydroisomerized based oil product recovered from
the isomerization zone under distillation conditions
pre-selected to collect an energy saving base oil
product characterized by having a traction
coefficient less than 0.021 when measured at 15 cSt
and at a slide to roll ratio of 40 percent; c.
blending the energy saving base oil product with: i.
a second base oil having a traction coefficient less
than 0.015 when measured at 15 cSt and at a slide to
roll ratio of 40 percent and a 50 weight percent
boiling point by ASTM D 6352 greater than 582 C (1080
F), and ii. 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 cSt.  In a fourth aspect, there
is provided a gear lubricant comprising a
Fischer-Tropsch derived base oil having a VI greater
than 150 and a traction coefficient less than 0.012
when measured at a kinematic viscosity of 15 cSt and
at a slide to roll ratio of 40 percent. In a fifth
aspect, there is provided a finished lubricant,
comprising: a. a Fischer-Tropsch derived base oil
having: i. a traction coefficient less than 0.015
when measured at 15 cSt and at a slide to roll ratio
of 40 percent, ii. a branching index by 1H NMR less
than 23.4, and iii. a branching proximity by 13C NMR
greater than 22; and b. an effective amount of one or
more lubricant additives. In a sixth aspect, there is
provided a lubricant base oil, having the properties
of: a. a fraction coefficient less than 0.011; and b.
a 50 weight percent boiling point by ASTM D 6352
greater than 582 C (1080 F).  Disclosed herein is a
multigrade automotive gear lubricant, comprising:
between 5 and 5)5. tyr4 of a base oil; Made fram a
waxy feed, having a traetiOn coeftioient less than
0.021 when measured at.a. kinematic viscosity of t5
c$t. anelat &slide to roll ratio of 40%;/ less than 2
cyt% tiSposity idx iMprover or other thickener; arid
thrlendditive, Also disclosed herein is a method for
saving energy using a gear lubricant, comprising:
blending a maltiraade gear lubricant by adding
between 5 14545 wi%, bated on the.total gear
lubricant; of a lubritating base oil having a
traction coefficient less than 0,021 when measured
at. a Ichternatic viseOsit of 15 egt arid a slide ti
roll ratio Of 40%; and ungtbeE1hrittTh art axle or
differential.. Disclosed herein is a process for
making an energy saving automotive gear lubricant,
comprising: 



a. hydroisomerizing a waxy feed in isonierization.
zone iwthe Setlee, of a hydroisomerization catalyst
and hydrogen .ander pre-selected conditions
determined to provide a hydroisernerized base oil
product; b. distilling the hydroisomerized base oil
product recovered from the isomerization zone under
distillation conditions pre-selected to collect an
energy saving base oil product characterized by
having a traction coefficient less than 0.02.1 when
measured at 15 eSt and at a slide to roll ratio of
40%;  c.blending 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 100C greater
than 10 cSt. Disclosed herein is a gear lubricant
comprising a Fischer-Tropsch derived base oil having
a VI greater than 150 and a traction coefficient less
than 0.015 when measured at a kinematic viscosity of
15 cSt and at a slide to roll ratio of 40%. Disclosed
herein is a finished lubricant, comprising: a.a
Fischer-Tropsch derived base oil having a traction
coefficient less than 0.015 when measured at 15 cSt
and at a slide to roll ratio of 40%; and an effective
amount of one or more lubricant additives. Disclosed
herein is a lubricant base oil, comprising a.a
traction coefficient less than 0.011; and b..a 50 wt%
boiling point by ASTM D 6352 greater than 582 *C
(1080 DF). DETAILED DESCRIPTION OF THE INVENTION -
SAE 1306 defines the different viscosity grades of
automotive gear lubricants. A multigrade automotive
gear lubricant refers to an automotive gear lubricant
that has viscosity/temperature characteristics which
fall within the limits of two different SAE numbers
in SAE 5306, _Tune 1998. For example, an SAE 75W-90
automotive gear lubricant has a maximum temperature
of -40C for a viscosity of 150,000 cP and a kinematic
viscosity at .100C between 13.5 and less than 24 0
cSt. The second SAE viscosity grade, XX, for a
multigrade autotnotive gear lubricant is always a
higher number than the proceeding "W" SAE viscosity
grade; thus you may have an  80W-90 multigrade
automotive gear lubric' but not an 80W-80 m 'tirade
autontotiye near lubticant, frnit Vistositassitiv
IlonsE 306998 ....... SAE Viscosity Grade 



Max Tempera= for Viscosity of 150,000 eP re) Kneman.
Viscosity at 100C (eSt)   min 4.1 max 70W -55   75W
AO 4.1 - SOW --26 7.0  85W  -12 11 0  



80  .0 <110 5  HO . cBS 0   <24.0 140  24,0 <41.0 20
410   Examples of automotivelubricants are in al
transim isiOn. bids; axl lubricants and  differential
fluids. o The Maximum Teropcm0tre for Viscosity o
150,000 eP (C) is measured by scanning Brookfield
Viscosity by ASTM I) 2983 04. Gem lubricants having a
low Brookfield viscosity, especially those with a low
Brookfield Ratio arc especially desired. A low
Brookfield Ratio is associated with unproved loss
temperature properties of the gear I ubricant. 15 The
limOkfttd Ratio is calculated byth o wing uation: 



Brookfield Ratio = Brookfield Viscosity in 0,
measured at litmp.erature 1 divided by the Kinematic
Viscosity at 100t c.St 20 Temperature 13 -40k; when
the gear lubricant is an SAE-XX [3 = -26t when the gt
lubricant is an SAE SOW-XX, and Temperature p =12t
when the gear lubricant is an SAE 85VvROC  . The
Brookfield Ratio of the gear lubricant of this
invention is less than ancamguni calculated based on
the Temperature 13 by the following equation: 613 x
e) where = -40 vihen the gear In ricant is a Si E
75W-XX,3 -26 when t gear lubricant ia an SAE 80W-XX,
and f3 -I 2 when the gear lubricant is an SAE
8.5W-XX. Thus, thr an SAE 75W-XX automotive gear
luthicant of this invention, the Brookfield Ratio is
less than 10081, preferably less Mari 8000; for an 10
SAE 80W-XX automotive gear lubricant, the Brookfield
Ratio is less than 37813, preferably less than 2500;
and for an SAE 85W-XX automotive gear lubricant, the
Brookfield Ratio is less than 1419.9. Note that xx in
this invention refers to the SAE viscosity grades of
80, 85, 90, 140, OT 250, The XX for an automotive
gear lubricant will always he a higher number than
the proceeding W" SAE, viscosity. 15 grade; thus Yon
inaY have an 80W-90 gear lubricant but not a 80W40
gear lubricant Note that the gear lubricants of
this.itt.tation are a Preferred subset of those
meeting the SAE "1306 specification. For example, an
SAE 7.5W-90 oil with a Brookfield viscosity at the
maximum of 150)000 cP divided by a typical kinematic
viscosity at 20 100C of 14 cSt would have.a
Brookfiold.Ratio of 10714, which would not be as
desired as the lubricants of this invention with a
lower Brookfield Ratio. The gear lubricants of this
bwerition have a higher kinematic viat 1.00fiC than
other oils made from a waxy feed having low
Brookfield riscoshics..Thgeat 25lubricants orthis
invention have a kinematic -k.iscosity at I 00t
greater than 10 eSt. Prefei ably they
have :a. kinematic viscosiiy at I 00C less than or
equal to 41 0 eSt. hi one embodiment, they have a
kinematic viscosity M 100C greater than 13 cSt; and
in another embodiment-, they have a kinematic
viscosity at 100C greater than 20 cSt.  In recCrred
embodiments, the gear lub cat ts of thi jentjan
cOmpti.qtCee that     %, more preferably greater than
b 1,8119,4, most prefer Wy greater than 25 wtc44..of
a base Gil haVitig a sqt*aii nbrQfatb.Onatnii,
lessthan C1M6 wri1i.arOmalieS1 ingreater an 20 wt%
total niolettles with cycippgra fiuk fu etionalily,
and 



10 a ratio of Molecules with
1110110CyClOpitaffilliCity tn illnieCUICS with
multicycloparaffinic functionality greater than 12
The Sma. scher-Tropsch derived or WT derived' means
that the product, fraction, 15 or feed originates
from or is produced at some stage by a
Fischer-Tropseh process. fl feedstock for the
Fischer-Tropsch process  may come from a wide variety
of hydrtcarbonaceous resources, including natural
gas, coal, shale oil, petroleum, municipal waste,
derivatives of these, and combinations thereof 20
"Waxy feed' is a feea or stream comprising
hydrocarbon molecules with a carbon number of C20-1
and having a boiling point generally above about 600F
(316C) The        s useful in the processes disclosed
herein may he synthetic way feedstocks, such as
Fischer-Tropsch waxy hydrocarbons, or may be derived
from natural sources. Accordingly, the waxy feeds to
the processes may comprise Fischer-Tropsch derived
waxy feeds, petroleum waxes, waxy distillate stocks
such as gas Otis, lubricant oil stocks, Mali pour
point polyalphaolefins, foots oils, normal alpha
olefin waxes, slack waxes, deeded waxes, and
microcrystalline waxes, and mixtures thereof.
Preferably, the waxy feedstocks are derived from
Fischer-Tropsch svaxy feeds. 30 Slack -1.CliX can be
Obtainrein conventional petroleum derived feedstocks
by either hydreeraching or by soli;en I. refining of
the tube oil fraction, Typically, Slack wax is
recoVered from solvent devta*ing feedstacks prepared
by One of these processes.  Hydrocraeking is visually
preferind because hydrobracking, will also reduce the
nitrogen. content to a low value. With slack wax
derived fromsolvent refuted 011S, .depiling.thay be
used to reduce the nitrOger.f content. Hydrotteating
of the slack wax can beusedto lower the nitrogen and
sulfur content Mack waxea posse-Ss a very high 5
viscosity index, normally in the range of from about
149 to 290, depending on the oil content and the
starting material from wthicli the slack wax was
prepared. Therefore, slack waxes are suitable for the
preparation Of base oils having a very high viscosity
index. 10 thewaxy feed useful in this invention
preferably has less than 25 ppm total combined
nitrogen and sulfur. Nitrogen is measured by melting
the waxy feed prior to oxidative combustion and
chemiluminescence detection by ASTM 1.) 4629-96. The
test method is further described in LLS. Patent No
6,503356, incorporated herein. Sulfur is measured by
melting the waxy feed prior to ultraviolet 15
fluorescence by ASTM 1)5453-09. The test method is
further described in ILS, Patent No. 6,503,956,
incorporated herein.  Waxyleads useful in this
inYentron are expected Utbe PlentiN and relatively
cost 'competitive in the near future aalarge-spale
Fischer-Tropsela synthesis processes tome 20 inte
production. Syncrude prepared from the.
Fischer-Tropseli process comprises a mixture of
various solid, liquid, and gaseous hydroearbons,
Those Fischter-Tropsch products which boil within the
range of lubricating base oil contain a:high
proportion of wax winch makes them ideal candidates
for proeessinginto base oil. Accordingly,.-
Fischer--Tropsch Wit represents an excellent feed for
preparing high quality base oils 



25 according to the process of the invention:
Fischer-Tropsch wax is normally solid ar Morn
temperature and, consequently, displays poor low
temperature properties, such as pour point and cloud
paint However, following hydroisoinerization Of the
Wax, Fischer-Tropseh derived base oils having
excellent low temperature properties may be prepared;
A general description of suitable hydielsomerization
dewaxiTIR processes 30 may be found in U.S. Patent
Nos 5,13,638 and 5,2/2,958; and US. Patent
Application Publication No.20059133409, incorporated
herein.  The hydrthsomerization is, achieved by
contacting tile waxY feed with a hydroismnerization
catalyst in an isomerization zone under
hydroisomertzing conditions_ The.hydreisonierization
catalyst preferably comprises a shape selective
eunediate pore size molecular sieve, a noble metal
hydrogenation component, and a _ 5 refractory oxide
support, The shape selecti't, intermediate pore size
molecular sieve is preferably selected frorn the
group consisting a SAPO-il, SAP0-31, SAP0-41, 8M-3,
2S1,71-22, Z8M411, ZSN1-3.5, ZSM-48, ZSM-57, 28142,
Offretite, ferrierite, and combinations thereof.
SAP0-11, 814,3, SSZ-32, ZS1v1-23, and combinations
hereof are more prefen-ed. Preferably, the, Tidbit
Ttlemi hydrogenation compotient is 10 platinum,
palladitart, or combinations thereof The
hydrotserneriang conditions depend OD the waxy feed
-used hydroisomenzation catalyst used, whether or not
the catalyst is sulfi ed, the desired yield, and the
desired properties of the base oil, Preferred
hydroisorneriziog conditions 15 well in the current
Invention include temperatures of 260C to about 413C
(500 to about 775F) a total pressure of 15 to 3000
psig, and a hydrogen to feed ratio from about 0.5 to
30 NISCribbl, preferably from about I to about 10
MSCEribbl, more preferably from about 4 to about 8
MSCPbbli. Generally, hydrogen will be separated from
the product and recycled to the isorneriZatIOTI zone.
Optionally, the base ad produced by
hydroisomerization dewaxing may be hydrofinished" The
hydrofinishing may occur in one or more steps, other
before Of after fractionating of the base oil into
one or more fractions. The hydrolinishing is intended
to improve the oxidation stability, UV stability" and
appearance of the product by removing aromatics,
olefins, color bodies, and solvents, A general
description of hydrofinishmg may be found in US
Patent Nos. 3,852,207 and 4.673,487, meorpoitted
herein- The hYdrofmishin2 step may be needed to reduu
the weight percent olefins in the base oil to loss
than 10, preferably less than 5, more preferably less
thtmi 1, and most preferably less than 0.5. The
hydrofmishing step may 30 also be needed to ieduce
the veight percent aromatics to less than 0 1,
preferably Tess than 0 06, more preferably less an
0,02, and most preferably less than 0,01.  The base
il ifratioftathcFhit different 'viscosity arades of
base oil.. In the context of this disclosure
i'different viscosity grades of base oil' is defined
as two or more base oils differing in kinematic
viscosity at 100C from each calm by at least 1.0 cSt.
Kinematic viscosity is measured using ASTM D 445-04.
Flactionating is done using a 5vacUt1111 distillation
unit to yield cuts 'with pre-selected boiling ranges.
The base oil fi actions 11 typic,ally havea pOur
point less than VC. Preferably, the 



pour point 14411 he less than -10C. Additionally, in
some embodiments the pour point of the base oil
fraction will have a ratioof pour point, in C, to the
kinematic viscosity 10 at 100C, in cSt, greater than
a Base Oil Pour Factor, where the Base Oil Pom Factor
is defined by the equation', Base Oil PautFaetnr.135
xado Viscosity at 1008 15 Pour pohitis measured by
ASTM 0502. The base oil fractions have measurable
quantities ofunsaturated molecules m slued by 1 IMS
hi a preferred embodiment, the hydroisomerization
dewaxing and fmcdonating conditions in the process of
this invention are tailored to produce one or 20 more
selecte,d fractions of base oil having greater than
10 wt% total molecules with cycloparaffinic
functionality, preferably greater than 20; greater
than 35, or greater than 40; and a viscosity index
greater than 150. The one or more se ed fraetis:of
base oils vvill usually ktve less than 70 wt% total
molecules with cnthpnffinie: functionality.
Preferably, the one or More selected fractions of
base oil will additionally have a ratio of molecules
with monocycloparaffinie functional molecules with
multicycloparaffinie functionality greater than 2.1.
In preferred embodiments the base of has a ratio of
molecules with monocycleparaffinic functionality to
molecules with multicyeloparaffinic functionality
greater than 5, or greater than 12 hi preferred
embodiments: the base oil may contain no molecules
with 30affinic functionality. such that the ratio of
molecules with monocycloparaftiMc functionality to
molecules with rmilticycloparaffinve functionality is
greater than 100.  In spine :preferred embodiments,
the Itth m base- ollfraetiOns 'Slid in thiu:
invention have,a viscosity index rzreater n art
amount cteimed hy the ettOliiitt: VI 28 xViscosit t
100t) 1-95 In ather.ptefrred eitbodiinentsiuMcant
bal.se oil fractions usefirl in this invention ha t.
a .viscosity index greater than an amount defined by
the equation: 10VI =3:2& UAKibpthai1it Viscosity at
100"CI)+I05: "I be presence of predonkinantly
cyclopaaleculesnocycloparaffinic functionality in the
base oil fractions of this invention provides
excellent oxidation stability, Jaw Noe& volatility,
as well as desired additive solubility and elastomer
15compatibility. The base oil cmclieris lime a weight
percent olefins loss than 10; preferably less than 5,
more preferably less than 1, and most preferably less
than 0.5. The base oil fractions preferably have a
weight percent aromatics less than 0 1, more
preferably less than 0.05, and most preferably less
than 0.02. 20 In preferred embodiments, e base oil
fractions have a traction coefficient less than
0.023, preferably less than or equal to 0.021, more
preferably less than or equal to 0,019, when measured
at a kinematic -viscosity of 15 cSt and at a slide to
roll ratio  of 40%. Preferably, they have a traction
coefficient less than an amount defined by the
equation: 25 :ft.tlon coeftitiiSitr= 0-009N
I./athematic% Viscosity) - 0.001 wherein the
Kinematic Viscosity durine the traetion coefficient
measurement is between 2 and 50 cSt; and wherein the
traction coefficient is measured at an average
rolling speed of 3 meters per second, a slide to roll
tail of 40%, and a load of 20 Newtons. Example,s of
these preferred base oil frattiGns.aft.Utught in
LI_S, Parent Application Publication No 20050241990
Al filed April 29, 2004, The gear 



lubricants made using the preferred base oil having a
low traction coefficient will save energy and operate
cooler. In more preferred embodiments, the base oil
fractions having a low traction 5 coefficient also
have large film thicknesses. That is they have an EHD
film thickness greater than 175 nanometers when
measured at a kinematic viscosity of 15 cSt. The
preferred base oils of this invention have film
thicknesses about the same or thicker than PA0s, but
have lower traction coefficients than PAOs. 10 In
some of the most preferred embodiments, the base oil
fractions have a fraction coefficient less than
0.017, or even less than 0.015, or less than 0.011,
when measured at 15 cSt and at a slide to roll ratio
of 40%. The base oil fractions having the lowest
traction coefficients have unique branching
properties by NMR, including a branching index less
than or equal to 23.4, a branching proximity greater
than or equal to 22.0, 15 and a Free Carbon Index
between 9 and 30. Additionally they preferably have
greater than 4 wt% naphthenic carbon, more preferably
greater than 5 wt% naphthenic carbon by ndM analysis
by ASTM D 3238. The base oil fractions having the
lowest fraction coefficients generally have a pour
point less than -15C, but surprisingly may have a
ratio of pour point, in C, to the kinematic viscosity
at 100C, in cSt, less than an 20 amount defined by
the equation: Base Oil Pour Factor = 7.35 x
Ln(Kinematic Viscosity at 100C) -18 The base oil
fractions having the lowest traction coefficients
have a higher kinematic 25 viscosity and higher
boiling points. Preferably the lubricant base oil
fractions having a traction coefficient less than
0.015 have a 50 wt% boiling point greater than 566 C
(I050F). In one embodiment the lubricant base oil
fraction of the invention has a traction coefficient
less than 0.011 and a 50 wt% boiling Point by ASTM D
6352 greater than 582C (1080F). 30 The lubricant base
oil fractions useful in this invention, unlike
polyalphaolefins (PA0s) and many other synthetic
lubricating base oils, contain hydrocarbon molecules
-12-  - Flavin CO=numbers of carbon atoms. This is
readily determined by gas chromatography,. where the
lubricant base oil fractions boil oyer a broad
boiling range and do not have sharp peaks separated
bY more than I carbon number. In other words, the
lubricating base oil fractions ha\ tehromatographic
peaks at each carhon number 5across their boiling
range. T OxidatorBN of the lubricant base MI
'fraction Most .useful in the inventionis greater
than I heurs,prefereblygreater than 12 hours, hi
preferred embodiments, where ihe Olefin and aromatics
contentsam...significantly law in the lubricant base
oil 10fraction of the lubricating oil, the Oxidator
FINef the.scleeted base oil fraction. will be greater
than 25 hours, preferably greater than 35 hours, More
preferably greater than tn- even 41 hour& The
Oxidatort3N of the selected base oil fraction will
typically be less than 60 hours. Oxidatbr EN is a
convenient way to 'measure the oxidation stability of
base oils. The Oxidator BN test is described by
Stangeland al- in 15 U.S. Patent No. 3,852,207. The
Oxidator BN test measures the resistance to oxidation
by means of a Dcutte-type oxygen absorption appamtus.
See R,W. Dornte 'Oxidation of White Oils,' industrial
and Engineering Chernistry, Vol. 2g, page 26, 1936.
Normally, the conditions are One atmosphere of pure
oxygen at 34001. The results are reported in hours to
absorb 1000 ml of 02 by 100 g. of oil. In the
Oxidator BN test, 20 0.8 ml of catalyst is used per
100 grams of oil and an additive package is included
in 



the oil. The catalyst is a mixture of soluble metal
naphthenates in kerosene. The       of soluble metal
naphthenates simulates the average metal analysis of
used crankcase oil. The level of metals in the
catalyst is as follows: 25Copper = 6,927 ppm,    iron
= 4,083,ppnt Lead = 80,208 pprn; Manganese = 350 ppm,
Tin3565 P1103- "The additive package is 80 millanoles
of zinc Wpropyienephenyldithio-phosphate per 100
grams of oil, or approxi awly   1.1 grams of 01.0A
260. The Oxidatm fThl test measures the response of
lubricating base oil M a simulated application High
values, or long times to absorb one liter of  oxygen,
indicate good oxidation stability. DUDA is ara
acronym for Oronite Lubrjeatir.g   is a regi
trademark of Chevron Oronite, Lubrica Additive 10 The
finished lubricant of the present invention comprises
an effective amount of one or more lubricant
additives. Lubricant additives which may be blended
with the lubricating base oil to form the finished
lubricant composition include those which are
intended to improve terrain properties of the
finished lubricant. Typical lubricant additives
include, for example. anti-wear additives, 17.,P
agents, detergents, dispersants, antioxidants, pour
point depressants, Viscosity Index improvers,
viscosity modifiers friction modifiers, demulsifters,
antifoarning agents, corrosion inhibitors, rust
inhibitors, seal swell agents, emulsifiers, wetting
agents, lubricity improvers, metal deactivators,
gelling agents, tackiness agents, bactericides,
20fluid-loss additives, colorants, and the like,
Typically, the total amount of one or more lubricant
additives in the finished lubricant is Within the
range of 0.1 to 30 wt%. 'typically, the amount of
lubricating Wise oil of this invention in the
finished lubricant is between 10 and 99,9 wt%,
preferabiy between 25 and 99 wrYo. Lubricant additive
suppliers will provide information on effective
amounts of their individual lubricant 25 additives or
additi\T packages to be blended with lubricating base
oils to make finished lubricants. However due to the
excellent properties of the lubricating base oils of
the invention,. less additives than required with
lubricating base oils made by other processes may be
required to meet the  edtiSUef& kit the finithed
lubricant.   Visdositv Index provers  provers)    



VI ithptovers niodity the viscometric:tharacknsties
of lubricants by reducing the rate of thinning with
increasing temperature and the rate of thickening
with low temperatures. VT improvers thereby provide
enhanced performance at low and high temperatwcs :VI
improvers are.typically:subjected to mechanical
degradation due to shearing of the moleenles. ill
high stress areas High pressures generated in
hydraulic systems subject fluids to shear rates up
toHydraulic shear causes fluid ternperattite to
riSein a hydraulic systein and shear May bring about
permanent 10Vi8COSity toss in lubricating oils:
Generally, VI provers are oil soloanic polymers,
typically oleo home- or co-polymers or derivatives
thereof, of number average molecular weight of ahout
15000 to I raillMn atomic mass tmits (=O. VI
improvers are generally added 15 to lubricating oils
at concentrations from about 0.1 to 10 wt%.1hey
function by thickening the lubricating oil to which
they are added more at high temperatures than low,
thus keeping the viscosity change of the lubricant
with temperature more constant than would otherwise
be the ease. The change in viscosity with temperature
is commonly represented by the viscosity index (VI),
with the viscosity of oils with 12(11 large Vi (e.g.,
140) changing less with temperature than the
viscosity of oils with low VI (e.g., 90), classes of
VI hnprovers include: polymers and copolyme o
lacrvlate d aerylate esters; ethylene-propylene
copolymers; styrene-diene copolymers; and
polyisobutylene, VI improvers are often hydrogenated
to remove residual olefin. VI improver derivatives
Mclude...disperSam VI improver: \ontain polar
functionalities such as grafted saccirtimide groups.
The gem lubricant of the invention has less than 10.
wt% improver, preferably.' 30 than 5 wt% VI improver
...In certain embodiments; the gear lubricant may
contain ye low levels of VI improver, such as less
than 2 yid% or less than 0.5 wi.%, *tem*  less than
0.4 wt%, more preferably less than% of VI improver. T
e gear lubricant may even contain no VI improve.r.
Thickeners  Thickeners, in the context of this
clisclosme me oil Soluble Or oil miscible
hydrocarbons -with a kinematic viscosity at 100C
greater than 100 cSt. Examples of thickener' are
polyispbutylene, high molecular weight complex ester,
butyl rubber; olefin copolymers, styrene-dierie
polymer, poiymethatrylate, styrene-ester, and Ultra
high viscosity.PAO. Preferably, the thickener has a
kinematic viscosity at 100t of about ISO eSt to about
10,000 cSt. In otieen,bddhiient
jhegSrltibrioatitbftheIiff9fliOfl has:iess:than 2 u/
nckener Base Oil Distillation aratict of
Fischer-Tropsch &dyed ftadtion&*uidpetrdleum deriVed
fractions 20 into *anous; fractions having
characteristic bbiling.mnges is generally
accomplished by either atmospheric or vacuum
distillation ;.o.combination of atmospheric and
yaouturt distillation, As used in this disclosure,
the term "distillate fraction' or "distillate" refers
to a side stream fraction recovered either from an
atmospheric ionation column or from a vacuumcolumn as
opposed to the "bottoms" vi 



the residual higher boiling fraction recovered from
the bottom of the column....ziamespheric distillation
is typically used to -separate the lighter distillMc.
fractions, such as naphtha and middle distillates;
from a bottoms fraction having an initial boiling
point above about 600F to about 7509 (about 31St to
.ilaout 359t). At higher temperatures, thermal
cracking of the hydrocarbons ma i take place leading
30 to fording of the equipment and to lower yields ol
theier cuts Vacuum distillation is tyPically used to
separate the higher boiling material, such as the
l@hitatrighase oil fractions, irito IiiiTerent
boiling...range cuts. Fracating the  lubricatingbase
oil intodifferent bailing range cuts enables the
lubricating base oi/ manufacturing plant to produce
more than one grade, or viscosity; of lubricating
base PourPoifr Depressant The gear fah n s of the
present invention further comprise at least one
pourpoint depmssaut, They contain from about 0.01 to
12 wt% based upon the fetal lubricant TO blend of a p
o or point depressant. Pour point depressants are
known in the art and include, but are not limited to
esters of tnaleie anhydride-styrene copolymers,
polymethacrylates, polyaerylates, polyacrylamides,
condensation products of haloparaffirt waxes and
aromatic compounds, vinyl carboxylate polymers, and
terpolymers of dialkylfurnarates, vinyl esters of
fatty acids, ethylene-vinyl acetate 15copolymers,
alkyl phenol formaldehyde condensation resins, alkyl
vinyl ethers, olefin coPulYmers, and mixtures
thereof. Preferably, the pour point depressant is
polymethaerylate The, pour point depressant utilized
irt .the.ptesert.inenticip may also be a pour 20
point depressing base oil blending component prepared
from an isomerized Fischer-Tropsch derived bottoms
product, as described in U.S. Patent Application
Publication No 20050098476, the contents of which is
herein incorporated by reference in its -entirety.
When used, the pour point depressing base oil
blending component reduces the pour point of the
lubricant blend at least 3C below the pour 25point of
the lubricant blend in the absence of the pour point
depressing base oil blending component The pour point
depressing base oil blending component is an
isomerized Fischer-Tropsch derived bottoms product
having a pour point that is at least 3C higher than
the pour point of the lubricant blend comprising the
lubricant base oil fraction derived from highly
paraffinic wax and the petroleum derived base oil
(i.e., the blend in the absence of a pour point
depressant). For example, if the target pour point of
the lubricant blend is -9C and the pour point of the
lubricant blend in the absetim of pour point
depressant is greater than -9C, an amount of the pour
point   depressing base oil blending, component o
lubricant blend in sufficient proportion to io target
value. invention will be blended -with the pour point
of the blend to the      i armed i'ischer-Tropseb
derived bottoma product used to lower the pour point
of the lubricant blend is nsuallyrecovered as the
bottoms fromthe vacuum column of a Fisetier-Tropsch
operation. The average mdlecular weight of the putt
point depressing base oil blending Component usually
will fall within 



arige of front about 600 to about: IWO with WI
average molecular weight 10 between about 700 and
about 1000 being preferred Typidally,the pour point
of the pour point depressing base oil blending
component will be between about -9C and about 20C,
The 104/0point of the boiling range of the pour point
depressing base oil bleridingtomporient usually
will., be within the mage offropi u.boutS5.0F mid
about I 05097, Preferably, the pour point depressing
base. oil blinding component have 1$ an average
degree of branching in the molecules between about
6.5 and about 10 a1lW1 branches per 100 carbon atoms.
Inone embodimen e lubrieatit blend may comprise a
pour mann depressant well known in the art and a pour
point depressing base oil blending component The 20
pour point depressing base oil blending component may
be an isomerized Fiseher-Impsch derived bottoms
product or an isomerized petroleum derived bottoms
product Pour points depressing base oil blending
components that are isomerized petroleum derived
bottoms product are described in U.S. Patent
Application Publication No 20050247600. In such an
embodiment prekratily the lubricant blend coMpriScs
0,05 to 15 wt% (more preferably 0,5 to 10 wt%) pour
point dept easing Oil blending component that is
isomerized Fischer-Tropsch .derived, or petroleum
derived, bottoms product. Bright stock is a high
viscosity base oil which is named for the SUS
viscosity 30 at 210F. Typically petroleum derived
bright stock will have a viscosity above  180 cSt at
40C. preferably above 250 cS.t at 40C, and more
preferably ranging from 500 to 1100 cSt at 40C.
Bright stock derived Crainin ude has been found to be
epciall suitabi ft use the pour point depressing base
oil blending comPenent of the present invention The
bright ma should be dm somerized and may optionally
be sohent dem,axed. Btiklit stock prepared solely by
solvent dewaxing has been found to be much less
effective as allow point depressing base oil blending
conmonent EP OSt Lubricant Additive ear lubricants
cif this invention comprise between 2 and 35 \\two,
preferabl) 10 bett cern 2.5 and 30 wt%, more
preferably between 2.5 and 20 wt%,. of an extreme
pressure (EP) .gear lubricant additive. EP gear
lubricant additives are added to lubricants to
prevent destructive metal-to-metal contact in the
lubrication of moving surfaces. While under normal
conditions termed "hydrodynamic', a film of lubricant
is maintained between the relatively moving surfaces
governed by lubricant 15 parameters, and principally
viscosity. Pfuivever, when Iced is increased,
clearance between the surfaces is reduced, or when
speeds of moving surfaces are such that the film of
oil cannot be maintained, the condition of "boundary
lubtication' is reached; governed largely by the
parametew of the contacting surfaces At still more
severe conditions, sigrakant destructive contact
manifests itself in various forms sub. 20 wear and
metal fatigue as measured by ridging and pitting. It
is the role of EP gear lubricant additive to prevent
this from happening. For the most part EP gear
lubricant additives have been oil soluble OT easily
dispersed as a stable dispersion in the oil, and
largely have been organic cornpowids chemically
reacted to contain suffix, 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 effeeti'ce as EP Rear lubricant additives.
Moreovel, because hydrated alkali metal borates are
insoluble. in lubricant oil media, 30 it is necessary
to incorporate the borate as a dispersion in the oil
and homogenous dispersions are particularly
desirable. The degree of formation of a homogenous
dispersion can be correlated to the turbidity of the
oit after addition of the hydrated - 19 -  alkali
mborate with higher turiWity conilatingto less
hompgenqos dispersions. In order to facilitate
formation of such a homogenous dispercion it is
coaventional to include a dispersant in such
compositions Examples of dispersants include
lipophilic surthee-active agents such as alkenyi
succinirnides or other nitrogen containing 



5dispersants as well as alkenyi suecinates. It is
also com-entional to employ the alkali metal borate
at particle sizes of less than 1 micron in order to
facilitate the formation     homogenous dispersion. A
wormed EP gear lubricant additive of this invention
co prises an. oil dispersion of hexagonal boron
nitride. 10 Other prefened EP gear Itibricant
additives of This invention Comprise a dispersed
hydrated potassium borate or dispersed hydrated
sodium borate composition having a.speeitie degree of
dehydration. The dispersed hydrated potassium borate
compositions = described In U$. Patent No. 6.737,3$7.
FreferablY, in this embodiment, the dispersed
hydrated potassium borate is characterized by a 15
hydroxyl:boron ratio (0I.1;B) of from at least 1.2:1
to 22;1, and a potassium to boron ratio of from about
1;175 to 1:3..25. Thedispersed hydrated sodium borate
compoSitionts are descfibed in U.S. Patent No.
6,634,450. Preferably in this embodiment, the
dispersed hydrated sodium borate is cbaracterited by
a hydrosyltboton ratio (ORB) of from about 0.80;1 to
1 60.1, and a sodium to boron ratio of from about 1;
2.75 tti 1:3.25, In another embodiment, the preferred
EP gear lubricant additive of this invention
comprises a combination of three components, which
are (1) hydrated alkali metal borates; (2) at least
one dihydrocarbyl polysullide component comprising a
mixture including no more than 70 wt .%
thltydrocarbyt trisulfide, :Imre than 5.5 wt .%
dihydrocarbyl clisulnde, and at least 30 wt .%
dihydrocarbyi tehasulinde or hither polysulfides; and
(3) a non-acidic phosphorus component comprising a
tiihydrocarbyt phosphite component, at least 90 tn..%
of which has the formula (RU)) P, where R is alkyl of
4 to 24 ear-bort atoms 30 and at least one
dihydrocarbyl clithiophosphate derivative. The
preferred alkali metal borate compositions where the
ratio of polystilfides is eat-entity controlled are
described in US. Patent Application No 111122,461,
filed on May 4, 2005. These --  preferred FP gear
lubricant additives hth thbleation described above
have superior load carrying properties and Unproved
storage stability. The HP gear lubricant additive_is
typically combined with other ditives in a gear
5lubricant additive Package. A variety of other
additives can be present in the gear lubricants of
the present invention. These additives include
antioxidants, viscosity index improvers, dispersants,
rust inhibitors, foam ithibitorS, contsion
inhibitors, other antiwear agents, dernuisifiers,
friction modifiers, pour point depressants and a
variety of other well-known additives. Preferred
dispersants include the well known 10 suceinimide and
etboxylated alkylphenols and alcohols, Particularly
preferred additional Additives are the
oil-solublestiecinimides and oil-soluble alkali or
aikalin earth metal sulfonates. The gear lubricant of
this invertmay also comprise other base oils, such
-as for example Group I, Group II, 'dello earn
derived Group III,. or synthetic base oils such as
polyalphaolefins, esters, polyglycols,
polyisobutenes, and aikylated naphthalenes. e.Pcrur
'oint Depressing Base iOil Blending Component  20
Some embodiments of the gear lubricants of this
invention comprise a pow point depressing base oil
blending component. The pour point depressing base
oil blending component is usually prepared from the
high boiling bottoms 



fraction remaining in the 'Vacuum tower after
distilling off the lower boiling base 25oil
fractions..It will have a molecular weight of at
least 600. It may be prepared fi n either a
Fischer-Tropsch derived bottoms or a petroleum
-derived bottoms.        ins hydroisornerized lo
achieve an average degree of branching in the
molecule between about 5 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 -20C and
about 20C usually between about -10C and about 20C
The molecular weight and degree of branching in the
molecules arc particularly ethical to the
propecpracfiee tithe invention.  In-ischer-Tropsch
syntrude, the pour point depressing base oil
hlentlinu componentepared from the vg ay fraction
that is normally a solid at room tempeiatme the waxy
fraction may be produced directly fioni the
Thscher-Tropsch 5syncrude or it may be prepared from
the oligonterization of 10'OCT boiling
Fischer-Tropsch derived olefins. Regardless of the
source of the Fischer-Tropsch Wax, it must contain
hydrocarbons boiling abost about 950F in order to
produce the bottoms used in preparing the pour point
depressing base oil blending component. In order to
improve the pur point and VI, the v'tix is
hydroisomerized to introduce 10 favorable branching
into the molecules. The hydroisornerized will usually
be sent to a vacuum column where the various
distillate base oil cuts are collected in the case ot
rischer-Tropsch derived base oil, these distillate
base oil fractions may be used for the
hydroi-somerized Fiseher-Tropsch distillate base oil.
'Fbe bottoms material cud from the vacuum column
commises a mixture of high boiling hydrocarbons 15
which are used to prepare the pour depressing base
oil blending component in addition to
hydroisometization and fractionation, the waxy
fraction may undergo various other operatiois. such
as for example, hydrocracking, hydrotreating, and
hydrofinishing. The pour point depressing base oil
blending component of the present    .ntion is not an
additive in the normal use of this term within the
ait since it is really only a high boiling base oil
fraction. The: pour point depresSing base oil
blending component will have a Pour Pimthat is at
least 3C higher than the pour Pint of the
hydroisomerited Fiseher-Tropseh distillate basenji.
It has been found that when the hydroisomerized
bottoms as described in thiStlischistire iS used to
'reduce the pour point of the blend, the pour point
of the blend will be belowthe pour point of both the
pour point depressing base oil blending component and
the hyltroisomerized distillate Figther-Tropselt base
oil. Theretbm, it is not. necessary to rcduce the
pour point of the bottoms to the target pour point of
theengine oil.  severity wilh loss cracking and less
yield loss. lt has been found that the bottoms should
TiOt be over hydroisomerized or its ability to act as
a pour point depressing base oil blending component
will be compromised. Acc:ordingly, the average degree
of branching in the molecules of the Fischer-Tropsch
bottoms should fall within the 5 range of from about
5 to about 9 alkyl branches per 100 carbon atoms. A
pour point depressing base oil blending component
derived front a Fischer-Tropsch feedstock will have
an average molecular weight between about 600 and
about 1,100, preferably between about 700 and about
1,000. The kinematic viscosity at 100C will 10
usually fall within the range of from about 8 nSt to
about 22 eSt. The 10% boding point of the boiling
range of the bottoms typically svill fall between
about 850F and about 1050F. Generally, the higher
molecular weight hydrocarbons are more effective as
pour point depressing base oil blending components
than the lower molecular weight hydrocarbons.
Typically, the molecular weight of the pour point 



15 depressing base oil blending component will be 600
or greater, Consequently, higher cut points in the
fractionation column which result in a higher boiling
bottoms material are usually preferred when preparing
the pour point depressing base oil blending component
The higher cut point also has the advantage of
producing a higher yield of the distillate base nil
fractions. 20 It has also been found that by solvent
clesva.xing the hydrolsornerized bottoms product at a
low temperature, generally -10C or less the
effectivene,ss of the pour point depressing base oil
blending component may be enhanced rhe waxy product
separated during solvent dewaxing from the bottoms
has been fotaid to display. 25 improved pour point
depressing properties provided the branching
properties remain within the limits of the inention,
The oilY Product recovered after the solvent dewaking
operation while displaying some pour point depressing
properties is less effective than the waxy product,
30 in the ease of tieing petroleum-derived the basic
method of preparation is essentially the sane as
already described above. Particularly preferred for
preparing a petroleum derived pour point;:deptssIngl
base oil blending component is bright stock
containing  a high wax tomg stock constitutes a
bottonisfractkn whichJia.s been highly refined and
dewaxect Bright stock is a high viscosity base oil
which "is Turned for the SUS viscosity at 210F.
Typically petroleum derived bright stock will have a
viscosity above 180 cSt at 40C, preferably above 250
eSt at 40C, and more preferably roaging from 500 to
1100 eSt at 40DC. Bright stock derived from Dating
crude has been found to be especially suitable for
use as.the pour point depressing base oil blending
component of Ihe present invention. The bright stock
should be hydrolsomerized and may optionally be
solvent dewaxed Bright stock prepared solely by
'Solvent de axing has been found to be much less
etlective as a pour point depressing base oil
blending 10comPone111, The petroleum derived Pew
point depressing base oil blending component
preferably will have a paraffin content of at leaSi
about 30 wt%,. more preferably at least 40 wt%, and
most preferably at least 50 welt. The boiling range
of the 15 pour point depressing base oil blending
component should be above about 950F (510C). The 10%
boiling point should he greater than about  1050W
(565C), with a 10%point in e:xeisgf 11500F(6200C)
being preferred. 1 he verage degree of branching in
the molaiules of the petroleum derived pour point
depressing base oil blending component preferably
will fall within the range of 20 from about 5 to
about 9 alkyl-branches per 100 carbon atoms, more
preferably from about I6tct about S alkyl-branches
per 100 carbon atoms. Specific Analytical Testds
Brookfield viscosities tmeasured h AST.M D:2983-04.
PourpointS were Measured by ASTM D 5 50-01  Wi%
Olefins     \\11% Olefins in the base oils of
t.hisinyentlon is determ d by proton-NNIR by the
following steps, A-D: 



.5 Prepar a solution of 5-10% of hdrocarbon in
ditterGizh1.or.ofQrnt Acqtitea;or.nlai proton
spectrum gat least 12 ppm spectral width accurately
reference the chemical shift (ppm) axis. The
hisuument. must have 10sufficient gain range to
acquire a signal without overloading the1
reeeiver/A13C. When a ..30 pulse is applied, the
Mstrmnent must have a minimum signal digitization
dynamic range of 65,000. Preferably the dynamic range
will be 260,000 or more. frEfle.grat.rn4tUesbcwc 20
Qs:Mg the molecular weight 0 ASTM D 2503,:talcu late:
6,0-4.5 ppm (olefin) 2.2-1,9 pprn (allylic) 1.9-04
ppm (saturate f:the.test ibsnct ined by  The average
tnolceular foa of the y ra d hydrocarbons. 25 The
erage.mol ul 0 Fla of e tdeiins, The iott ntegral
intensfty (=sum of all regral inte les)  The number f
olefineons (=olefin in rat/integral per hydrogen).
The number of double bonds (=olefin hydrogen es
hydroaensin 5olefin fertuulai2). The wt% olefins by
proton NMR = 100 times the number of dotibie bonds
times the number of hydrogens in a typical olefin
inOlccule divided by the ituttbbr of hydrogens in a
typtcai test substance 10molecule. The wt% olefins by
proton NWIR calculation procedure, D, works hest whe
percent t31CfillS result is low, less than about 15
wt%. The olefins must be "conventionalu olefins;
ifie, a distributed mixture of those olefin types
having 15 hydrogens attached to the clouble bond
carbons such as: alpha, vinylidene, cis, aris, and
trisubstituted. These olefin types will have a
detectable allylic to olefin integral ratio between I
and about 25. When this ratio exceeds about 3, it
indicates a higher percentage of tri or tetra
substituted olefins are present and that different
assumptions must be made to calculate, the number of
double bonds in the sample aties.Measuteinent by
HPLC-LTV The method used to measure low hrvels ot
moleLuies with at least one 



25 aromatic function in the lubricant base oils of
this invention uses a Hewlett Packard 1050 Series
Quaternary Gradient High Performanct" Liquid
Chromatography (1-1PI_EC) sYstern coupled :with all?
1050 biade-Array 11V-Vis detector interfaced to. an
HP Chem-station identification cif the individual
ammatic classes in the highly saturated Base oils was
made On the basis of their IN spectral 30 pattern and
their elution time The amino cohnrin 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 first --  follmaxed by the
pt. )cyclic aromatics in order of increasing double
bond number per molecule. For aromatics with similar
double bond character, those with only alkyl
substitution on the ring elute SOOT= than those with
naphthenic substitution. Unequivocal identification
of the various base oil aromatic hydrocarbons from
their 5 UV al3smbance specna was accomplished
recognizing that their peak electronic nansitions
were all red-shifted relative to the pure model
compound analogs to a degree dependent on the amount
of alkyl and naphthethe substitution on the ring
system. These bathoehromic shifts are well known to
be caused by alkyl-group delocalizatton of the rr.
-electrons in the aromatic ring. Since few
unsubsiituted 10 aromatic compounds boil in the
lubricant range, some degree of red-shift was
expected and observed for all of the principle
aromatic gtoups identified. Quantitatienrof the
eluting aromatic compounds was. made by integrating
chromatogiwns made from Wavolengilia ontintizedfOr
each general class of compounds over the appropriate
retention time window for that aromatic. Retention 15
time window limits for each aromatic class were
determined by manually evaluating the individual
absothance spectra of eluting compounds at different
times and assigning them to the appropriate aromatic
class Weed On their qualitative siniilarity to Model
compound absorptiOn spectra With few exceptions, only
five classes of aromatic compounds were observed in
highly saturated AK Group 11 and Ill lubricant 20base
oils, 1-1PLC4JV Calibration 25 HPLC-UV is used for
identifying these classes of aromatic compourtds even
at vet)? low level, Multi-ring aromatics typically
absorb 10 to 200 times more strongly than single-ring
aromatics. Alkyl-substittaion also affected
absorption by about 20%. Therefore, it is important
to use Tine to separate and identify .the various
species of aromatics and know how efficiently :they
absorb. Five classes of aromatic compounds were
identified. 'lib the exception of a small overlap
between the most highly retained
11cy!iitigitrdmatii.enaphthenes  and the least highly
retained alkyl naphthalenes, all of the aromatic
compound classes were baseline resolved. Integration
limits for the co-eluting I -ring. and 2-ripg
aromatics at 772ntri were made by the perpendicular
drop method. Wavelength dependent response factors
for each general aromatic class were first determined
by constructing Beer's Law plots from pure model
compound mixtures based on thenearest spectral peak
absorbances to the substituted aromatic analogs. For
example, alkyl-eyelohexTlbenzene molecules in base
oils exhibit a distinct 1.0 peak absorbance at 272nrn
that corresponds to the same (forbidden) transition
that unsubstituted tetralin model compounds do at
268nrn_ The concentration of alky1-1.-ringaromatic
naphthenes in base oil samples was calculated by
assuming that its molar absorptivity response factor
at 272nin Wcas approximately ottial to tetrolires
molar absorptivi tyat 268mn, calculated from Beer's
law plots. Weight percent 15concentrations of
aretnatieawere calculated by assuming that the
average molecular weight for each aromatic class was
approximately equal to the average molecular weight
for the whole base Oil Sample, This calibration
method was further unproved by isolating. the I-ring
aromatics 20 directly fram the lubricant base ails
via exhaustive HPLC chromatography, Calibrating
directly with these aromatics eliminated the
assumptions and uncertainties assodated, with the
model compounds. As expected, the isolated aromatic
sample had a lower response factor than the model
compound because it was more highly substituted. 



Mare specifically, to aceumtely calibrate the
1-IPLC-UV method, the substituted benzene aromatics
wem separated from the hulk of the lubricant base oil
using a Waters semi-preparative HPLC mit. 10 uterus
of saniple W2Ig diluted 1:1 in n-liexane and injected
onto an amino-bonded silica column, a 5crii x 22.4mai
ID guard, 30 followed by two 25cm x 22 4mm ID eel
umns of 8-12 Miettill amino-bonded silica particles,
manufactured by Raisin Instruments, Emeryville,
California. with n-hexane as the mobile phase at a
flow rate of 18mIsfinim Column el tient as
fiactionated. based    the detector- response froa
diIwavelength IN detector set at 265am aS 2953-nn.
Saturate fractiOnsw()Betted until the 265nrn
absorbance showed a: change of afIl absorbance units
which signaled the onset of single ring aromatic
elution. A single ring aromatic fraction was ee'-ti I
the absorbance ratio herween:265nin and 295nrn
decreased to 10, indicating the onset of two rinwatom
tic elution. Purification and separation of the.
single ring aromatic fraction was made by
re-chsomatographing the monoarbinatietractiOn aWay
from tile "tailing" :gait/rates fraction which
resuhed from overloading the IIPLC column_  10 This
purified aroma 'standard" showed that alkyl
substitution decreased the molar absorptivity
response factor by abont 20%/ relative to
unsubstituted tetralin. ConfirmatiOn _by MvIR is The
weight percent of all molecules with at least
one::arcmatiefimotionln the purified mono-aromatic
standard was confirmed via long-duration carbon 13
NNW analysis, NIVIR WaseasirtO calibrate than F1PLC
LiV because it simply measured aromatic carbon so the
response did not depend on the class of aromatics
being analyzed 'Me 20 NMR results were translated
from % aromatic carbon to % aromatic molecules (to be
consistent with 1-1.PLC-IN and 1)2007) by knowing
that 95-99% of the aromatics in highly saturated
lubricant base oils were single-ring aromatics.
Ilighpower, loatduration, and good baseline analysis
vtre needed to accurately measure aromatics down to
02% aromatic molecules. Mare eifically, to accuraSUM
LOW leVeiS of all molecules with at least one
aromatic function by ?MR, the standard I) 5292-99
method was modified to give a nummum carbon
sensitivity of 500:1 (by ASTM standard practice E
386). A15-hour 30 duration run on a 400-500 MHz-1,1MR
with a 10-12 mm Nalorac probe was used ACOITI PC
integration software was used to define the shape of
the baseline and consistently integrate. The earner
frequency as Changed once during, the run to a cud
artifacts.from imaging the aliphatic peak info the
aromatic _region. By taking spectra on either side of
the carrier spectra, the:resolution was improved
gnificantly. teenier Compost on by FT  The lubricant
ba.se oils bithi nvert-non were characterized by
Field Ionization Mass Spectroscopy (FMS) into alkanes
and molecules with different numbers of
tinsaturations: Thc distribution of the molecules in
the oil fractions was 10 determined by FINIS. The
samples were introduced via solid probe, preferably
by placing a small amount (about 0.1 mg.) of the base
oil to be tested in a glass capillary tube-. The
capillary tube was placed at the tip of a solids
probe for 



a mass spectrometer, and the probe %sus heated horn
about 40 to 50C up to 500 Or 600C at a rate between
50T and 100C Pa minute in a mass spectrometer
operating 15 at about le tom The rnass spectrometer
was scanned from &z40 to Ink 1000 at a rate of 5
seconds-per decade. The MISS spectrometer used was a
Micromass Time-of-Flight. Respon ail compound types
were assumed to be 1.0, such that weight percent was
den from area percent, The acquind mass spectra were
summed to generate one "averaged' spettimm. The
lubricant base Oils of this invention were
charetenzecI by FIMS into alkanes and molecules with
different numbers of unsaturations. The molecules
with 5 different numbers of unsaturations may be
comprised of cy.eloparatTins, olefins, and aromatics
if aromatics were present in .significant amounts in
the lubricant base oil they would be identified in
she FIMS analysis.as 4-unsaturations. When olefins
were present in significant amounts in the lubricant
base oil they would be identified in the.FIMS
analysis as-l-unsaturations% The total of the
1-unsaturations, 30 2-unsaturations, 3-unsaturations,
4-unsaturations, 5-unsaturations, and 6-unsaturations
from the MS analysis, minus the wt% olefins by proton
NMR., and minus the wt% arciiisailts by IIPLC-LIV is
the total weight percent of molecules with
cycloparaffthic                the lubricantbase oils
of this inve tioa..Nt4e that.if the aromatics content
was not measured, it WAS assumed to be less than 0.1
wt% and riot included in the calculation for total
weight percent of molecules with eycloparaffinic
functionality. IVIolecules with cycloparaffinic
functionality mean any moiecule that is, or contains
as cite or more substittients, a monoeyclic or a
fused multicyclic saturated hydrocarbon. group. The
cycloparaftiuic group may be optionally substituted
with one or more substiments. Representative examples
include, but are not Limited to cyclopropyi, 10
cycloblityl, cyclopentyl, cydlohexyl, cyclokeptyl,
decahydronaphthalene,
octanydropentalenc,(pentadecan-6-yl)cyclehexane.,O-tn
cyclohexylpentadeccine 4pentadecan-6-yl:Maplithalene,
and the like. Molecules ''rit'i onocyclopie
functionality mean any molecule that is a LS
monocyclic saturated hydrocarbon group of 3 W 7 ring
carbons or any molecule that is substituted with a
single monocyclic saturated hydrocarbon group of 3 to
7 ring carbons. Tilc cycloparaffinic group may be
optionally substituted with one or more substiments.
Representative examples include, but are notlimited
to, cYoloProPYI, cyclobutA.cyclopentyl, cycloitexyl,
cyclobeptyl, (Pelltodedon-6-Y0 cYclohexand, and the
like. MulecuhiS with roulticyeloparaffinic funclity
mean any molecule that is a fused multicyclic
saturated byring group of two or more fused rings,
any molecule that is substituted with one or more
find multicyclic saturated hydrocarbon 25 ring groups
of two or MOM fused rings, or any molecule that is
substituted with more than one munocyclk saturated
hydrocarbon group of 3 to 7 ring carbons. The fused
mullicyclic saturated hydrocarbon ring group
preferably is of MI) fused nngs. The cyeloparaffinic
group may be optionally substituted with one or more
substituents. Rep esentative examples include; but me
not 'limited to decanychonaphthalene, 30
octahydropentalene, 3,7,10-tricyclonekylpermlecane,
decahydro-1-(Tieniadecum6-y1) naphthalene, and the
like.  INMR. Branching Properties The branching_
properties of Mc base this oft present invention was
determined 5 by analyzing a sample of oil using
carbon-13 (13C)NNIR according to the following
ten-step process. References cited in the description
of the process provide details of the ptocess steps.
Steps 1 mitt 2 are performed only on the initial
materials from ::a. new process, 



10Identif the al branch centers and the CH3 branch
termination points using the DEPT Pulse. sequence
Woddrell, D.T.; Pegg, D.T.; Benda'', M.R., Journal of
Magnetic Resonance 198, 48, 323ff.), 2)Verify the
absence elm:bons ii1itittttidtiple branches
(quaternary 15carbons) using the :APT pulse sequence
(Pat,Shoolcry, JR, ,Thitt-nal pi:Magnetic Resonance
1982, 46 535ff). Assign the tan'aus br ch carbon
resonances. to specific branch psitins and lengths
using tabulated and calculated values (Lindeman,
20Journal qf Qualitative t Int:4911w! Chemistry 43.
1971 1245 If; Netzel Dk,etal,Fuda6Q, 1981, 3071f).
Examples; 25BranchNR: Chemical Shift (ppro) 2.-methyl
3-methyl19.3 orit4 4-methyl143 4+methy419.8 30
imarnal ethyl 10.8 internal propyl 14.5 OF 20.5
Adjacent methyls 16.5 -  4) Estimalabranching density
at different carbon positions by comparing the
integrated intensity of the specific carbon of the
methylialkyl group to the intensity of a single
carbon (which is equal to total integral/number of
carbons per molecule in the mixture). For the unique
case of the 2-methyl branch, where both the terminal
and the branch methyl occur at the same resonance
position, the intensity as divided by two before
estimating the branching density. if the 4-methyl
branch fraction is calculated and tabulate.d, its
contribution to the 4+methy Is Ilatift be subtracted
to avoid double counting. 10 5) Calculate the atrge
carbon namber. 'the average carbon number May be
determined with sufficient accuracy for lubricant
material's brdividing, the molecular weight of the
sample by 14 (the font:MIR Weight of CHj). 15 6)The,
munberis thehanc1i6s found in step 4. lather o lkyl
branches per 100 carbon atoms is calculated fro the r
of branches per molecule (step 6) titnes 1.00/a erg
carbon number. 20 



8) F.sfunateclex (BI), The B1 iIs.c timt:d by 111
NTMIt Analysis and presented as percentage of
.methyi.hydwgen heanical shift range 0.6-1.05 ppm)
among total hydmgen as estimated by NNIR in the
liquid hydrocarbon composition. 9) Estimate Branching
pro(BP)The. BP is estimated by Cand presented as
percentage of recuning methylene carbons which are
four or more carbons away from the end group or a
branch (represented bya Nivirk signal at 29.9 ppm)
among iota] carbons as estimated by NiV1R in the
liquid 30hydrocarbon composition.  10)Caletilate the
Frce:Ctarbou Index (17(II).The ItT is .expressed in
units talearbons. Counting the Miutinal
methylorbrangb carbon as "one" the carbons in the PC'
ate Mt-fifth Or .greatet carbons from 'either a mat&
:chain terminal methyl or from a branch wahine
carbon. These carbons appear between 29.9:ppria and
29,6 ppru in the carbon-13 spectrum They are measured
as follows: calculate the average carbon number the
molecules in the 'sa n le as in steP 5, 10 divide the
total carbon-13 integra arta (chart divisions or ea
counts) c average carbon number from step a. to
obtain the integral area then in the saturate,
15measure the area between 29.9 ppm d 29.6 ppm inhe
sample, at divide by tiltal area per carbon frm
step.btttIohi.ain FCI (EP1062306A. 20ciin be
:perfotunedi using any Fourier Tmndomi NMR spectre
Preferably, the measurements are performed using a
spectrometer having a magna of 7.0 T or greater. In
all cases, after verification by Mass Spectrometry,
LW or an NNW survey that aromatic carbons were
absent, the spectral width for the 13C NMR studies
was limited to the saturated carbon regicin, about
0-80 ppm vs. TMS 25 (tenamethylailane). Solutions of
25-50% by weight in chioiofound1. were exited by 30'
pulses followed by a 1.3secondacquisition time in
order to minimize non-uniform intensity data, the
broadband proton mverse-gated &coupling was used
during a 6seconddelay prior to the excitation pulse
and on during aicquisition. Samples were also doped
with 0..03 to 0.05 M Ct(aCaO); (Iris
(acetylacetonato)--chromiumoli)) as a 30 relaxation
agent to ensure full intensities are observed. Total
experiment times ranged from 4 to 8 hours,
Iheanalysis were also cau-ied out using a
spectrometer having a magnet of 7.0 T greater, Free
induction decay of 64 coaveraged transMuts - 34 -
were acquired, ertil oying a 90 excitation ulse, a
relax tiondee of 4,.ecorids, and acquisition time of
12 seconds. 



The DEPT and APT sequences wore carried out
aceordingro literature descriptions 5 with iiinor
deviations described in the Varian or Braker
operating manuals. Dm is DiStOrtiOrkleSS
EnhallectriCTIt by Polarization Transfer. The DEPT 45
sequence gives a .ignatiI.-athcs.btndd to protons.
DEPT 90 shows CH carbons only. DEPT 135 shows CH and
Oda up and Clia ISO out of phase ,(down)" APT is
Attached Proton Test. It allows all carbons to be
seen, but if CH and CI13 are up, then quaternaries
and C141 are down. The sequences are useful in thin
every branch methyl should have a corresponding CU
And the methyl group are dearly identified by
chemical shift and phase. Both,are described in the
references ched. The branching properties of each
sample were determined b* WAR using the 15assumption
in the calculations that the entire sample was
iso-parallinic" Corrections    e not made for
n-paraffins or napbthenqs, which may hav-e been
present in the oil samples in varying -amounts, The
naphthertes content may be measured using Field
Ionization Mass Spectroscopy (FIIVIS). 20 'Alkyl"
means a ear satmated monovalen hydrocarbon radical of
1 to 6 carbon atoms or .a branched satinated
monovalent hydrocarbon radical of 3 to 8 carbon
atoms. Preferably, the alkyl branches are methyl.
Examples of alkyl branches include, but are not
limited to groups such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isohutyl, see-butyl, t-butyl,
n-pentyl, and the like. 25 EXAMPLES The fallowing
examples a included further ei aritYinvention but are
not to be construed as liniitationse scopevention.
Ex mile 1: A hydret ated ballen -Tropschhad the
f11aiig.ptqpIertks let. 1 Properties  : Nifitigen
PP10 <0.2 Sulfur, ppm  I n-paraffin Ey GC., ?el  76E1



Was mtde.froTydrotreated cobalt t?ased
Fischer-Tropsch wax by hydroisonterization dewaxing,
hydrainishing, fractionatiq, and blending to a
viscosity target. The bast. oil had the properties as
shown in. Table II. tell  CVX Sample In FT-7.3 '
Safil le Proi i  'ISC9 jtv at 10C; cSt 7336 Viscosity
Index 165 Pour Point te - AS TM D 6352 MAOIST (0), F
5 742 10 / 30 777/858 50 906 70 190 950/995 95 1011
1-Ring 



0.02312 2-Rinv 0E0446 3-Ring 0.0002g 4Ring 0.00032
6-Ring 0,00001 Total Wt % Aromatics 0-02819 Wt%
Olefins 44 FINIS, Wt%  Alkancii 72.g 14Unsaturations
2- to 6- Liosaturations 0J0 iTota1 100.0 Total strt%
Molecules with Cyeloparaffinic 272 Functional 



Ratio o ' K4onoc3clopa,atfins to tylulficycloparas
>100 Oxidator EN, bouts 24.08 X in the urination: VI
=28 x Ln(V1S 1 C10) + X 109 Tracdon Coefficient at 15
cSt <0.021 -  Example 2: flu cc blends of gear
lubricant using the 17-7.3.utere blendect with gear
lubricant EP atinwear additive packages. The gear
lubricant additit?e packages comprised sulfur 5
phosphorus (SiP) and a stable dispersion of hydrated
alkali metal borate EP additives, combined with other
additives. The additives used in CEARA and GEARB
ittt'ere the ante as those used in commercial
production of Chevron Dela(r) (war Lubricants     .
The additives used in GEARC the same as those usecl
in conunercial production of Chevron Delo(r) Trans
Fluid ESIR). Delo0 and ES1(r) are registered
trademarks elf Chevron Corporation. The
Ibrmulationsof these three gear lubricant blends are
summarized ill Tante III. Table ID Corn G ARA GE\RB
GEARC a p & &mute EP Additive 6.50 650 4.80 ?T73 



49.75 11.61 4935 CitoBiightStoch50 4325 $129 5329 PMA
Pour Point Depressant 040 0.30 0.30 Corrosioii
Inhibitot 0.08 0.04 0.60 Antth'am Agent  0.02 0.02
Dispersaut/Detugent 0.00 024 0 00 Antioxidant 000
0.00 



0 b Total 10000 10000 100.00 Total Wt% of gear
lutawant having; <0 06 wt% aromatics, > 20:t% total
molecules with: cycloparaffinic functionality, and a
ratio of molecules with monocycloparaffinic 4
functionality to molecules with multicycloparaffiruc
functionalit) > 12, 49 25 II 61 40,35  15 Citgo Bnght
Stocl 150 is a petroleum derived Group I bright stock
produced solvent dewatng.  proectk.pftdiffete r
lubricant blendsshoable IV.  Table IV Properties
GEARA GEARS GEARC SAE ViscosIty Grade SOW 90 



85W-140 80W-90  1444 25,32 14.51 seosit at 100QC. eSt
Brookfield Viscosuy, eP, cr"!,.,-26C 31750  36250
13rooktield Viscosity, eF,@,-12C  35650  Foara  Seq I
S eq 11 Set 111 0/0 010 010 WO 0/0 0/0 



0/G IWO 0/0 Cu Strip Corrosion@100C ior 3 Hours 1% 2C
1/3 Storage Stability Itatiag after 20 Weeks at Room
Temperature, Li /Sediment 2/0 2/0 2/0 Storage
Stability' after 20 Weeks at 66C, lai aid/Sedlioent
VI - - 2/0 2/1 il ce  42 -26 Brookfield Ratio 2199
1408 2498 613 xetv"4-) 37833 



499 ' 3783,3  GEARA and GRARB are excellent gear
lubricants for all types of automotive and
5industrial bearings allki gears_ They are suitable
for top-off of limited slip differentials. They meet
the requirements for the 750,000-mile extended
warranty program in Dana/Spicer axles. CEARA also
meets the requirements for extended service in
Meritor mdes for 500,000 mile oil drains. GEARC b
ideally .JitodIIftheay41ity manual transmissions.
GEARC meets the requirements for Eaton's 750,000-mile
10 extended warranty program for transmission fluids.
GEARA, GEAR13, and GEARC are examples of the gm-
lubrie.aetsl of this invention with very low
Brookfield viseasities relative. to their kinematic
viscoshies. All three of them have a Brookfield Ratio
(ratio of Brookfield Viscosi ty. at [3 in C, divided
by the 15 kinematic viscosity at 100C) less than or
equal to an amount defined by the equation:
13rookfield Ratio -2 61.3 e" k' Their low ratios were
surprisme. considering that they contained
significant amounts of Clip Bright Stock 150 and 110
viscosity index improver_ Additionally all three of
these oilsdd orage stability, low foam n nd good
copper ip corrosion results. Surpri iiscosity index
improver was used in any af these examples. GEAIZA
and FARE la bthan 12 wt% of the ba,se oil, basedhe of
the total gear lubricant, hamore desired properties
of: te,s.s:oga 0.06Aatits; b)greater than 20 wt,10 to
th1ectdesith.cycloparaffinic finictional ty, and 1 a
ratio of molecules with inapocYcloparaffinic
ftmctionality noleetileS Multicycloparaffinic
functionality greaterthan 12  These examples would
have 1$ base oil having less than 0.5 point reducing
blending tom  d even better properties if they IS
been blended with p 



letins, and With a bright stock that is also a pour
cut;  Example 3: 20 Th cornartive:blends were made
using o*anal Group II base oils, using the same gear
lubricant additive packages as the blends described
in Example 2. The lations of these comparison blends
are SIIMITIari zed in Table V.   - Conponnt In% Comp.
ARD Comp. GEARE ConqL GEARF SACGradc -9 85W-140
80W-90 SIP & Borate LTdth ze 630 b 50 4.80 avr
150012. 7S1 



16.34 75.71 fl 030. 'leo Brigla Stodk ISO 14 76A6
0.30  PMAPPD 040   Contosion ohirntor 0.08 0k4 0.40
Anti foam Agent 002 0 02 0.01 Disperstarthtetergent
0.00 024 0. 0 Antioxidant 



000  0.1 Tthal 00. 10000 WOOD ToVit% of near
lubricant ha-nig <006 wt./ mantles, > 20 wito total
molecules with cyclopartamic actionality; artd a
ratio of molectOes with monocycloparaffinic
functionality to molecules with ulticycloparalfinic
fanctionality > 11 0    Note.that Citgo Bright Stoak
150 is a Group base oil haau 25 y4 5 aromatics and a
VI less than 100. The properties &f these three geIv
JubTitant.Wndsane shown in Table VI.  Table VI
Properties Comp. CFA RD Comp. GENRE Comp. 



GEARF SAE Grade 80W-90 85W-140 80W-90 Viscosity at
100C. cSt 14.23 24,92 1453 Brookfield Viscosity, cP,
65100  77500 Bmokfield Viscosity, cP, crii-12C  35500
Pam  Seq I Sect 11 Seri Ill 010 0/0 0/0 3/0 0/0 0/0
0/0 



35/0 010 Cu Strip Comosion(r)100C for 3 liours 1B 2C
113 Storage Stability Rating after 20 Weeks at Room
Terntame, Lir/Sediment 210 210 2/0 Storage Stability
after 20 Weeks at 66C, Liquid/Sediment  2/1 2/2  -12
4/1  H-26     Brookfield Ratio 4575 1425 5334 613 xe
rain in) 3713 .   1419.9 37833 



These comparativ bl e ends made using different base
oilsdid not have the desired low Brookfield
viscosityrelative trt the kinenuttic.viscosity of the
gear lubricants. of this Mvention. All or them bad a
Brookfield -Ratio (ratio of Brookfield ViscositY at
13, in C,,dit,.vided by ale kinematic visctiSity at
lovethan ) greater 'ttn amount defined by the
equation; 10Brookfield Ratio = .513x e" 74) None of
Them contained any of the preferred base oil with:.
a) less than 0,06 wt% aromatics, 15       b) greater
than 20 wt% total molecules with eycioparaffinie
fahetionality, anti e)a ratio of roolecule with
monocycloparaffinic furnionality to molecules with
multicycloparaffinic functionality greater than I 2,
Example 4: Five base oils, FT-4.1 FT-4.3, F1-73,
FT-8.0 and FT-IS were made from the same 5 FT wax
described in aample I. "The
prosssuedtbtnaketh&IbaseIi1s were hydroisomerization
dewaxing, hydrofinisbing, fractionating, and blending
to a viscosity target FT-I6 was a vacuum thstillation
bottoms product Ilvdrofini siting was done to a
greater extent with these base oils, such that the
olefins were efTectively eliminated. A sixth base
oil, FT-24, was made from a hydrotreated Co-based FT
wax 10 having less than O2 pm rAtrogen, less titan 6
ppm sulfur and .a wit%of n-paraffin by GC of 76.01,
The 11-24 base oil was made by hydroisomerization
dew:axing, hydrofinishing; fractionating, and
selection of a heavy bottoms product having a
kinematic viscosity at 100C greater than 20 cSt and a
110 boiling point greater than 1000 'F. The six
different base, this had the properties as shown in
Table VII  WO 2007/118158PCT/US2007/066080  '4;3,
FT-16, and FT-24 are e'in less than 0.66 % o ti
5greater than 20 % total( molecules with c paraffinic
timed  and 



a ratio of molecules with monocycloparaffinic
functionality to molecules with multicyvloparaffink
functionally greater than 12 FT-7.9 and FT-8;
although having high VI and total weight percent
molecules with cycloparaffinit 0functionality, did
not have a ratio of molecules with
monoeyoloparaffinic functionality to molecules with
multicycloparaffinie functionality greater than 12.
FT-16 and FT-24 are also pour point depressing base
oil blending components prepared from an isorrierized
Fischer-Tropsch derived bottoirrs product FT-4.1,
FT-43 and FT-7.9 had pour points such that the ratio
of pour 15point, in C, to the kinematic viscosity
attocpt in c8t, vs7as greater than a 'Base Oil Pour
Factor, where the Base Oil Pour Factor is defined by
the eouatioix; Base Oil Pottr Factor = 735 x
Ln(kinematie Viscosity a 0C) -18 Alto hese base
oil'on also had traction centrt less .than 0.023 when
measured at 15 cSlt and at a slidelaroltratio of 4Q04
Snrprisingiy, the FT-7"9, Fl 116 and W24 .base oils
bad traction coefficients less than 0.017. 1JT,24 had
an especially low traction coefficient of less than
0A)I I. The lubricant base oils having a traction
coefficient less thari 0.02Lare -examples:a base oils
that would:De espeCially useful in gear lubricants to
save energy. Ezcaretples of gear lubritlants Where
significant energy savings Would be achieved are
heavy duty Rear lubricants, EP gear lubricants, and
wormgcar, lubricarn5.  Example 5: Six blends of
SAE75W-90 gear lubricant were blended with different
combinations of the base oils described in Example 4.
The formulations of these six gear lubricants are
summarized in Table VIII. Table VIII Component, Wt%
GEARG GEARH GEARJ GEARK GEARL GEARM SAE Grade 75W-90
75W-90 75W- 90 75W-90 



75W-90 75W-90 Gear Lubricant Additive Package with SR
EP Gear Additive 50.0 50.0 50.0 50.0 50.0 50.0 FT-4.1
0.0 0.0 0.0 35.0 31.5 30.0 FT-4.3 34.8 363 37.8 0.0
0.0 0.0 FT-7.9 



0.0 0.0 0.0 15.0 18.5 20.0 FT-8 153 123 93 0.0 0.0
0.0 FT-16 0.0 1.5 3.0 0.0 0.0 0.0 Total 100.0 100.0
100.0 100.0 100.0 



100.0 Total Wt% of gear lubricant having: <0.06 wt%
aromatics, > 20 wt% total molecules with
cycloparaffinic functionality, and a ratio of
molecules with monocycloparaffinic functionality to
molecules with multicycloparaffinic functionality >
12. 34.8 37.8 40.8 35.0 31.5 30.0   10 The properties
of these six different gear lubricant blends are
shown in Table IX.  Table IX Property GEARG GEARH 



GEAR] GEARK GEARL GEARM SAE Grade 75W-90 75W-90
75W-90 75W-90 75W-90 75W-90 Viscosity at 100C, cSt
14.87 14.88 14.84 14.28 14.68 14.82 Viscosity Index
156 156 156 158 157 157 



Brookfield Viscosity at -40C, cP 114200 112220 113000
103000 117800 128000 Pour Point, C -47 -44 -45 -47
-45 -44  -40 -40 -40 -40 -40 -40 Brookfield Ratio
7680 7542 



7615 7213 8025 8637 613 x e (-0.07 x p) 10081 10081
10081 10081 10081 10081  Note that the oil that had
the highest Brookfield Ratio (which is less desired)
was 5 GEARM. Of these samples, GEARM also had the
lowest total weight percent of base oil having: less
than 0.06 wt% aromatics, 10 bgreater than 20 wt%
total molecules with cycloparaffinic functionality,
and a ratio of molecules with monocycloparaffinic
functionality to molecules with multicycloparaffinic
functionality greater than 12. The blends
additionally comprising a pour point depressing base
oil blending component prepared 15from an isomerized
Fischer-Tropsch derived bottoms product (GEARH and
GEAR!) had lower Brookfield Ratios than GEARG which
did not contain any. Example 6: 20 Two comparative
blends of SAE 75W-90 gear lubricants were attempted
to be made using the same base oils as used in
Example 5. The formulations of these comparative gear
lubricant blends are summarized in Table X.  Table X



Component, Wt%  GEARN Comp. Comp. GEARP SAE Grade
75W-90 75W-90 Gear Lubricant Additive Package with
S/P EP Gear Lubricant Additive  50.0 50.0 FT-4.3
26.7 18.7 FT-8  23.3 34.6 Total  100.0 100.0 Total
vavo of gear lubricant having: <0.06 wt% aromatics, >
20 wt% total molecules with cycloparaffinic
functionality, and a ratio of molecules with
monocycloparaffinic functionality to molecules with
multicycloparaffinic functionality > 12. 



26.7 18.7   The properties of these two comparative
gear lubricant blends are shown in Table XI. t 5
Table XI    Properties  Comp. GEARN Comp. GEARP
Actual SAE Grade  SOW-90 80W-90 Viscosity at 100C,
cSt  15.69 15.36 Viscosity Index  155 156 Brookfield
Viscosity at 40C, cP  157000 164400 Brookfield
Viscosity at -26C. cP  12840 



11620 Pour Point, C  -43 -42  -26 -26 Brookfield
Ratio  818.4 756.5 613 xe(-O"") 3783.3 3783.3
Because neither of these blends achieved a maximum of
150,000 cP at -40C, they did 10 not meet the
specifications for 75W-90 gear lubricants. Instead,
they were 80W-90 gear lubricants. Although both the
comparative gear lubricants in Table XI were made
using the same base oils as the blends in Example 5,
and had similar high viscosity indexes, they did not
have the excellent low Brookfield Ratio of the
preferred gear lubricants of this invention. Note
that both of these comparative blends contained a 15
higher amount of base oil (greater than 22 wt% of
FT-8) having: a sequential number of carbon atoms,
less than 40 wt% total molecules with cycloparaffinic
functionality, and a ratio of molecules with
monocycloparaffinic functionality to molecules with
multicycloparaffmic functionality less than 12. FT-8
had a lower VI than some of the other base oils
useful in this invention. Example 7: A base oil was
prepared by hydroisomerization dewaxing a 50/50 mix
of Luxco 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 XII. ' Table
3a1 Sample Properties  



FT-7.6 Viscosity at 100C, cSt  7.597 Viscosity Index
162 Pour Point, C  -13 Total Wt % Aromatics  0.0168
IveA Olefins  0.0 FINIS, vveh Alkanes 1-Unsaturations
2- to 6- Unsaturations Total 58.3 34.4 7.3 100.0
Total wt% Molecules with Cycloparaffinic
Functionality  



41.7 Ratio of Monocycloparaffins to
Multicycloparaffins  4.7 Oxidator BN, hoursT  45.42 X
in the equation: 'VI= 28 x Ln(V1S100) + X  105.2
Traction Coefficient at 15 cSt  <0.021       FT-7.6
is an example of a base oil made from a waxy feed
having a VI greater than an 15 amount defined by the
equation: VI = 28 x Ln(Kinematic Viscosity at 100C) +
105 It also has a very low traction coefficient. 20
Three different blends of multigrade automotive gear
lubricant were blended with either the FT-7.6
detailed in example 7, or with PAO. The formulations
of these three gear lubricants are summarized in
Table XIII. Table XIII  Component, We% Comp GEARQ
GEARR GEART 



SAE Grade 75W-90 75W-90 75W-90 Gear Lubricant
Additive Package with Na- Borate EP Gear Additive
7.96 7.96 7.96 PAO - 6 cSt 61.74 0 0 PAO- 100 cSt
30.30 24.06  Citgo Bright Stock 150 0 0 52.05 FT-7.6
0 67.98 39.99 Total 100.0 



100.0 100.0  EHD film thickness data was obtained
with an EHL Ultra Thin Film Measurement System from
PCS Instruments, LTD. Measurements were made at 120C,
utilizing a 10 polished 19 mm diameter ball (SAE A1SI
52100 steel) freely rotating on a flat 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 contact stress of 0.333 GPa and a maximum
contact stress of 0.500 GPa. The glass disk was
rotated at 3 meters/sec at a slide to roll ratio of
0% with respect to the steel 15 ball. Film thickness
measurements were based on ultrathin film
interferometry using white 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 refractometer
at 120C. Table XIV  Gear Lubricant Properties Comp
GEARQ GEARR GEART Viscosity at 100C, cSt 14.26 14.27
14.24 Viscosity Index 157 160 122 END Film Thickness,
nm @ 120C and 3m/s 123.6 127.9 



148.2 Note that the addition of the FT-7.6 base oil
improved the film thickness of the automotive gear
lubricants compared to the blend having only PAO.
Example 8: Three base oils that had low traction
coefficients made according to the teachings in
applicants' earlier patent applications are shown in
Table XV. FT-7.95 was disclosed 5 in U.S. Patent
Application Publication Nos. 20050133408 and
20050241990. FT-I4 and FT-16 were disclosed in patent
application 11/296636, filed December 7, 2005. Table
XV Sample Properties FT-7.95 FT-I4 FT-16 Viscosity at
100C, cSt 7.953 13.99 16.48 Viscosity Index 165 157
143 Pour Point, C -12 -8 -16 -ASTM D 6352 SIMDIST
(wt%), F 50 919 



1045 1072 Total Wt % Aromatics 0.0058 0.0414  Wt%
Olefins <0.5 3.17 0.12 FIMS, Wt%      1-Unsaturations
2- to 6- Unsaturations >10 <2 40.2 0.8 38.1 0.4 Total
Molecules with Cycloparaffinic Functionality >10
37.83 38.4 Ratio of Monocycloparaffins to
Multicycloparaffins >5 46.3 



95 Oxidator BN, Hours Not tested 18.89 42.9 X in the
equation: VI = 28 x Ln(VISI00) + X 106.9 83 70.5
Alkyl-branches per 100 carbon atoms, by NMR 7.91 8.38
9.41 Traction Coefficient at 15 cSt 0.017 0.0135
<0.021 C13 NMR Branching  Branching Index  Branching
Proximity 22.68 23.49 21.08 24.01 21.72 19.07 



10 Note that neither FT-7.95 , FT-I4, nor FT-16 had
the preferred combination of a traction coefficient
less than 0.011 and a 50 wt% boiling point by ASTM D
6352 greater than 582C (1080F). 15 All of the
publications, patents and patent applications cited
in this application are herein incorporated by
reference in their entirety to the same extent as if
the disclosure of each individual publication, patent
application or patent was specifically and
individually indicated to be incorporated by
reference in its entirety.        lOdltItiOUS of the
exemplary embodUnents of the invention disclosed
above will readth occur to those skilled in the art
Accordingly the invention is to be consumed as
including all structure and methods that fall within
the scope of the appended claims  WHAT IS CLAIMED IS:
1. A multigrade automotive gear lubricant,
comprising: a. between 5 and 95 wt% of a first base
oil, made from a waxy feed, having a traction
coefficient less than 0.021 when measured at a
kinematic viscosity of 15 cSt and at a slide to roll
ratio of 40 percent; b. a second base oil having a
traction coefficient less than 0.015 when measured at
a kinematic viscosity of 15 cSt and at a slide to
roll ratio of 40 percent; c. less than 2 weight
percent viscosity index improver or other thickener;
and d. an EP-gear lubricant additive. 2. The gear
lubricant of claim 1, wherein the gear lubricant has:
i. a kinematic viscosity at 100C greater than 10 cSt,
and ii. a ratio of Brookfield viscosity in cP,
measured at temperature p in C, to the kinematic
viscosity at 100C less than an amount defined by the
equation: Brookfield Ratio = 613 x E07z13) and
wherein f3 equals -40 when the gear lubricant is an
SAE 75W-XX, f3 equals -26 when the gear lubricant is
an SAE 80W-XX, and p equals -12 when the gear
lubricant is an SAE 85W-XX. 3. The gear lubricant of
claim 1, wherein the pour point of the first base oil
has a ratio of pour point, in degrees C, to the
kinematic viscosity at 100 degrees C, in cSt, greater
than a Base Oil Pour Factor, where the Base Oil Pour
Factor is defined by the equation: Base Oil Pour
Factor = 7.35 x Ln(Kinematic Viscosity at 100C) -18.
4. The gear lubricant of claim 2, wherein the
kinematic viscosity at 100C is greater than 13 cSt.
-52-  5. The gear lubricant of claim 1, wherein the
gear lubricant has an EHD film thickness greater than
125 nanometers when measured at 120C and 3
meters/sec. 6. The gear lubricant of claim 1, wherein
the gear lubricant is a transmission fluid, an axle
lubricant, or a differential fluid. 7. The gear
lubricant of claim 1, additionally comprising one or
more additional base oils selected from the group of
Group I, Group II, petroleum derived Group III,
polyalphaolefin, ester, polyglycol, polyisobutene,
and allrylated naphthalene. 8. The gear lubricant of
claim 1, wherein the second base oil is a pour point
depressing base oil blending component prepared from
an isomerized bottoms product having: 



a. a pour point at least three degrees higher than a
pour point of an isomerized distillate fraction also
present in the gear lubricant, and b. a 50 weight
percent boiling point by ASTM D 6352 greater than 582
C (1080 F); 9. The gear lubricant of claim 1 or claim
8 wherein the second base oil has a traction
coefficient less than 0.012 when measured at a
kinematic viscosity of 15 cSt and at a slide to roll
ratio-of 40 percent. 10. The gear lubricant of claim
1, wherein the first base oil, made from a waxy feed,
has less than 0.5 wt% olefins. 11. The gear lubricant
of claim 1, wherein the waxy feed is Fischer-Tropsch
derived. 1.2. A method for saving energy using a gear
lubricant, comprising: a. blending a multigrade gear
lubricant by adding i. between 5 to 95 weight
percent, based on the total gear lubricant, of a
first lubricating base oil having a traction
coefficient less than 0.021 when measured at a
kinematic viscosity of 15 cSt and a slide to roll
ratio of 40 percent; H. between 0.5 andi 5 weight
percent, based on the total gear lubricant, of a
second base oil having a traction coefficient less
than  0.015 when measured at a kinematic viscosity of
15 cSt and a slide to roll ratio of 40 percent; and
b. using the gear lubricant in an axle or
differential. 13. The method of claim 12 ,wherein the
gear lubricant has a kinematic viscosity at 100C
greater than 10 cSt. 14. The method of claim 12
,wherein the gear lubricant has an EHD film thickness
greater than 125 nanometers when measured at 120C and
3 meters/sec. 15. The method of claim12 , wherein the
first lubricating base oil is made from a waxy feed.
16. The method of claim 15 , wherein the waxy feed is
Fischer-Tropsch derived. 17.The method of claim 12
wherein the first lubricating base oil has a ratio of
pour point, in degrees C, to a kinematic viscosity at
100 degrees C, in cSt, greater than a Base Oil Pour
Factor, where the Base Oil Pour Factor is defined by
the equation: Base Oil Pour Factor = 7.35 x
Ln(Kinematic Viscosity at 100C) -18. 18. The method
of claim12 , wherein the second base oil is a pour
point depressing base oil blending component made
from an isomerized bottoms product 19. The method of
claim 12 ,additionally including blending the gear
lubricant by additionally adding less than 10 weight
percent of the total gear lubricant of a viscosity
index improver. 20 "The method of claim -12 wherein
the traction coefficient of the second base oil is
less than 0.012. 21. A process for making an energy
saving automotive gear lubricant comprising:
a.hydroisomerizing a waxy feed in an isomerization
zone in the presence of a hydroisomerization catalyst
and hydrogen under preselected conditions determined
to provide a hydroisomerized first base oil product;
b. distilling the hydroisomerized base oil product
recovered from the isomerization zone under
distillation conditions pre-selected to collect an
energy saving base oil product characterized by
having a traction coefficient less than 0.021 when
measured at 15 cSt and at a slide to roll ratio of 40
percent; 



c. blending the energy saving base oil product with:
i. a second base oil having a traction coefficient
less than 0.015 when measured at 15 cSt and at a
slide to roll ratio of 40 percent and a 50 weight
percent boiling point by ASTM D 6352 greater than 582
C (1080 F), and ii.an EP gear lubricant additive to
make the energy saving gear lubricant; wherein the
energy saving gear lubricant has a kinematic
viscosity at 100C greater than 10 cSt. 22. The
process of claim 21 ,wherein the waxy feed is
Fischer-Tropsch derived. 23. The process of claim 21
,additionally including blending the energy saving
base oil product with less than 2 wt%, based on the
total energy saving automotive gear lubricant, of a
viscosity index improver. 24 The process of claim 21
,wherein the traction coefficient of the second base
oil is less than 0.012. 25. The process of claim 21
,wherein the second base oil is a distillation
bottoms product having a 50 weight percent boiling
point by ASTIVI D 6352 greater than 582 C (1080 F).
26. A gear lubricant comprising a Fischer-Tropsch
derived base oil having a VI greater than 150 and a
traction coefficient less than 0.012 when measured at
a kinematic viscosity of 15 cSt and at a slide to
roll ratio of 40 percent. 27. The gear lubricant of
claim 26 ,wherein the base oil is a bottoms product
of a vacuum distillation.  2 8 .The gear lubricant of
claim 26 ,wherein the base oil has a T10 boiling
point by ASTM D 6352 greater than 538 C (1000 bF).
29. The gear lubricant of claim 26 ,wherein the
traction coefficient is less than 0.010. 30. The gear
lubricant of claim 26 ,wherein the base oil has a VI
greater than 160. 



3 1. A finished lubricant, comprising: a. a
Fischer-Tropsch derived base oil having: i. a
traction coefficient less than 0.015 when measured at
15 cSt and at a slide to roll ratio of 40 percent,
ii. a branching index by 1H NMR less than 23.4, and
iii. a branching proximity by 13C NMR greater than
22; and b. an effective amount of one or more
lubricant additives. 32. The finished lubricant of
claim 31 wherein the Fischer-Tropsch derived base oil
has a 50 weight percent boiling point by ASTM D 6352
greater than 566 C (1050F). 33. The finished
lubricant of claim 31 ,wherein the finished lubricant
is a gear lubricant. 34. The finished lubricant of
claim 33 ,wherein the gear lubricant is a wormgear
lubricant or an EP gear lubricant 35. The finished
lubricant of claim 31 ,additionally comprising one or
more other base oils selected from the group of Group
I, Group II, petroleum derived Group III,
polyalphaolefin, ester, polyglycol, polyisobutene,
and alkylated naphthalene. 3 6 ..A lubricant base
oil, having the properties of: a. a traction
coefficient less than 0.011; and b. a 50 weight
percent boiling point by ASTM D 6352 greater than 582
C (1080 F).  37 The lubricant base oil of claim3 6,
additionally comprising a branching index by 1H NMR
less than 23.4 and a branching proximity by 13C NMR
greater than 22. 3g. The lubricant base oil of claim3
6, additionally comprising an Oxidator BN greater
than 12 hours. 3 9 . The lubricant base oil of claim3
6, additionally comprising a pour point greater than
-15 C. 40. The lubricant base oil of claim 3 6,,
additionally comprising greater than 4 wt% naphthenic
carbon by ASTM D 3238. 4 1. The lubricant base oil of
claim 4 0 , comprising greater than 5 wt% naphthenic
carbon. 42. The lubricant base oil of claim 3 6 ,
additionally comprising a Free Carbon Index between 9
and 30. 4 3 . The finished lubricant of claim 31
,*herein the Fischer-Tropsch derived base oil has a
traction coefficient less than 0.012 when measured at
15 cSt and at a slide to roll ratio of 40 percent. 4
4 . The gear lubricant of claim 26 ,wherein the
Fischer-Tropsch derived base oil has a branching
index by 1H NMR less than 23.4 and a branching
proximity by 13C NMR greater than 22. 


