
WO 2007/118165 PCT/US2007/066095  5 GEAR LUBRICANT
WITH LOW BROOKFIELD RATO FIELD OF THE INVENTION This
invention is directed to gear lubricants having good
low. temperature properties  10 and processes to
prepare then . BACKGROUND Of THE INVENTION Others have
made gear lubricants having low ratios of Broolcfield
viscosity to 15 kinematic viscosity at 100Crising
polyalphaolefins,or combinations of petroleum  derived
base oils with significant levels of viscosity index
improver. For example,  Chevron Tegra Synthetic Gear
Lubricant SAE 80 r-140 is mice with highly refined
petroleum derived Group III base oil and greater than
20 wt% viscosity index  improver. Chevron Synthetic
Gear Lubricant SAE 75W-90 is made with 20
polyalphaolefin and diester basse oils.  Tegra is a
rgistrered trademark of Chevron  Corporation,
Polyalphaolefin base oils are expensive and have less
desired elastomer  compatibility than other basse
oils. Diester base oit provides improved elastomer
compatibility and additive solubility, but is also
very expensive and available in limted quatities.
European Patent Application Ni. 1570035A2 teaches that
functional fluids may be made using basse oils having
low CCS viscosity, wherein the functional fluids also
have low Brookfield viscosity.  Nothing is taught
regarding selection of base oils having more a desired
molecular composition or low traction coefficiets.  30
Commonly asigned U.S. Patent Publication 20050133407
discloses that gear lubricants may be made having a
low Brookfield viscosity from a Fischer-Tropsch
derived lubricating base oil having a desired
molecular composition.   -1- WO 2007/118165
PCT/US2007/066095  5 Common assigned U.S. Patent
Application 11/296,636, filed December 7, 2005, 



discloses that base oils with high Vl and having low
aromatics and preferred high  levels of predominantly
molecules with morrocycloparainic functionality can be
used  to blend manual transmission fluids with very
high Vls and log - Brook-field viscosities  at -40C.
Commonly assigned U.S. Patent Publications
20050258078, 20050261145, 10 20050261146 and 20O502611
that blends of base oils made from highly,  paraffinic
wax with Group 11 or Group III base oils will have
very law Brookfield  viscosities. Commonly assigned
U.S. Patent Publication 20050241990 discloses that
wormgear lubricants may be made using base oils having
a low traction coefficient made from a waxy feed.
Commonly assigned U.S..Patent. Publication 20050098476
15 discloses pour point depressing base oil blending
coniponents made by hydroisomerization dewaxing a waxy
teed and selection of a heavy distillation  bottoms
product. Commonly assigned U .S. Provisionnal Patent
Application  60/599,665, flied August 5, 2004 and
U,S..Patent Application 10/9910a.779, filed  September
23, 2004, discloses that multigrade engine oil blends
of Fischer-Tropsch 20 derived distillate products and
a pour point depressing base oil blending component
prepared from an isomerized bottoms product may be
made having low Brookfield  A gear lubricant is
desired having a higher kinematic viscosity at 100C:
and lower  25 Brookfield Ratio than the gear
lubricants previously made. Preferable the gear
lubricant will have a kinematic viscosity greater than
10 cSt at 100C, and will also have a law Brookfield
viscosity relative to kinematic viscosity; and i
process to make  it is also desired. Preferably the
gear lubricant will also not require high amounts of
viscosity index improver. 30 A lubricant base oil
having a very low traction coefficient, and finished
lubricants  including gear lubricants made from the
base oil, are also highly desired. -2- WO 2007/118165
PCT/US2007/066095  SUMMARY OF THE INVENTION We have
discovered a gear lubricant, comprising: 



a. greater tha 10wt% based on the total gear lubricant
of a first base oil  10 having i. a sequential number
of carbon atoms, ii. Tess than 0.06 wt% aromatics,
iii. greater than 20 vvt% total molecules with
cycloparaffinic  functionality, and 15 iv, a ratio of
molecules with inonocycloparaffinic functionality to
molecules with multicycloparaffinic functionality
greater than  12; b. less than 22 wt% based an the
total gear lubricant of a second base oil  20 having
i. a sequential number of carbon atoms, ii, less than
40 wt% total molecules with cycleparaffinic
functionality, iii, a ratio of molecules with
monocycloparaffinic functionality to  25 molecules
with multicycloparaffinic functionality less than 12;
c. a pour point depressant; d. an EP gear lubricant
additive., and  30 e. less than 10 wt%based on the
total gear lubricant of a viscosity index  improver;
wherein the gear lubricant has: i. a kinematic
viscosity at 100C greater than 10cSt, and WO
2007/118165 PCT/US2007/066095  5 Ii. a Brookfield
Ratio less than an amount defined by the equation:
Brookfield Ratio = 613 x e(-0.07 x X3) ; and wherein
equals 40  when the gear lubricant is an SAE 7 W-XX,ji
equals -26 when  the gear lubricant is an SAE
80W--1.X, and J equals -12 when the  near lubricant is
an SAE 85W-X , 10 



We have also discovered a gear lubricant, comprising;.
a. greater than 10 wt% based on the total scar
lubricant of a first base coil,  made from a, first v
ix, feed, having less than 0.06 wt% aromatics and a  1
viscosity, index greater than an amount defined by the
equation: VI :: 28 x Ln(Kinematic Viscosity at 100C) -
105 b. less than 22 wt% based on the total gear
lubricant of a second base oil,  made from a second
waxy feed, having less than 0.06 wt% aromatics and a
20 viscosity index less than an an amount defined by
the equation: VI= 28 x Ln(Kinematic Viscosity at l
OWE) + 105:  c. a pour point depressant; and 25 d. an
EP gear lubricant additive; wherein fl h,-- :gear
lubricant has i. a gear lubricant kinematic viscosity
at 100C greater than 10 CST,  and ii. a Brookfield
Ratio less than an amount defined by the equation:
Brookfield Ratio =613 x e(-0,07 x $) and wherein
equals -40  30 when the gear lubricant i a SAE 75W-XX,
equals -26when the gear  lubricant is a SAE 80W-XX,
and equals -12 when  the gear lubricant is a SAE
85W-XX.  WO 2007/118165 PCT/US2007/066095  5 We have
also discovered r geaw lubricant having a Brookfield
Ratio less than an. 23 ~ ai; , defined by the
equation: Brookfield Ratio = 613 x e,(-0.07 x 13) ;
.and wherein  3,ea~. ,ls -40 , ht n tlhhc gear
lubricant is an SAE 75W-XX, 3 equals G6 when the gear
lubricant is an SAE ?0W-XX, and P equals -12 when the
gear lubricant is an SAE  85W-XX, comprising: 10 a
between 10 and 95 w1% of a hv%droisomcriwed distillate
F schcr-Troi,sch  base oil characterized by (i)
akinemnatic viscosity between 2.5 and s f  I QOC,
(ii)) at least about 10 ~a, t% of the moleculeshaviriu
cycloparaf#it is  



functionality, and (iii ) a ratio of weight percent
molecules with 15 monocycloparaftmi is functionality
to wei(CRit percent cif rnolecttlz s Vv"Itlh
11llti'.vclciparaffinic functionality greater than ";
b. 0.05 to 15 w% of a pour point depressing base oil
blend nrconiponelit  pprepared #rom alt ist to zi~.c~
{ tt ~.1 product l ,i~ i< azr al ,,;4L: deg e of  20
brat?chin in the molecules bctww' cork about 5 and
ahouutt 9 {all l branches per  100 carbon atoans; and
c. Beth oei> . ~ to } 3U ai`t`.'ra of an .l l~ r
lubricant. additiYee.  T 25 We have also discovered a
process for making a gear iubrieau ,  a. se.Iccain;.a
bast: oil, made from a -waxyfeeds ha,, 'C'  i. less
than, 0 06 ~ v t" I 13-o nat': ii, greater than 20 t
',; ton d ir3c i~cule tk.it(t  30 functionality, and
iii. a ratio of r ciccules with monocyclcipa Jfl ic:
functionality to  molecules'vlth multi
eyclopar:afi_ilu tl,_i] [, 1,`k 'at r than  12; and 5
WO 2007/118165 PCT/US2007/066095  5 b. hlendina the
base oil with: 1. an EP gear tut w .east- additive,
ii. a pour point, depressant, and iii. less than 10
weight percent, based on the total gear lubricant, of
a  viscosity index imp-over to produce a gear
lubricant; wherein  10 the gear lull. of has a
kinematic. iscosity t 11)0C greater than 10 eSt "nd a
ratio of Brookfield isc.cnity in eP. measured  at
temperature f, in C, to rti= l::iertiat , r',cr sits
at 100- C: less  than an am imt _ t:r d by the i
iaitit tt: E roc k ielc; Gl  



x 6(4107 ' P) and1 wherein 3 equals -40 when tae gom
lubricant 15 is an SAE 75W-:\:', ;`3 equals -26 when
the gear lubricant is an  SA 80W- .~:, and f equals
-12 when the gear lubricant it an  SA We have also
discovered a process for making a gear itubricant,
comprising:  20 a. selecting ai base oil, made from a
v Waxy feed, having a viscosity: index  tr i irrthan
an amount d.-,fined by the equaa ?i;: XT1 x 1 .a-1.(K
ne matic Viscosity at 1OUu .) 105;  25 b, blending th;
~ base oil vith: EP r ar lubricant additive,  a pour
point iepres saint, and iii, k -.S. than 10 V u, base
on the 't t l yea' 1ubri.c ! of a viscosi r tnnd:e,x
improves to produce a gear lubricant 30 vtiicrein the
bear lubricant has a kinematic viscosity at 100C.
greater than 10 cSt; and a ratio of Brookfield
viscosity U -I c :P,  measured atten.-iperature [1, in
C, to the kinema!ti. <isc: t.` zt  lOu C less than art
z Mount { xn Ld o,. 1(Yw u :ti u , LTLu1. ulcl  Ratio
= 613 x e(--0,0 x ?,j and Wherein `equals -=10 when
the -6 WO 2007/118165 PCT/US2007/066095  tear
lubricant is a SAE 75W-1X, li equals -26 when the gear
lubricant is a "117 SOW-XX, and (? equals -12 when the
gear  lubricant is a S" "J" 5W--XX. We have also
discovered a method for rcthicing a Brookti d d Ratio
of a gear lubricant  10 bavit:, t kinematic viscosity
at 1 00'C -'treats than 10 CSf. comprising: adding
0.05 to  15 w~tr i of a total gear lubricant of `i
pour point depressing base oil blending  component
having a pour point at least three degrees higher than
a pour point of an  



isomeri:ted distillate fraction also present in the
gear lubricant; whereh-i the Brookfield  Ratio is a
ratio of the Brookfield viscosity of the gear
lubricant its CP, measured at. a 15 teiriperature l~
in 'C, to a kin -matic vi cosity+ at l 00C of the gear
lubricant less than  tin amount defin,: Cl by,, th
egtiatian Brookfield Ratio = 613 \ i t).t17 x J3;1 and
i h ;rein Ji e=1'-E _ ti wvhen the gear lubricant is
an SAE equals -26 whcri  the Vicar lubricant is an SAE
80W XX,and l equals -12 whe the gear iiibricant is an
SAE 85W-XX. 20 DETAILED .l)l iSt:i~:if'TION OF THE li
`VENTION SAE J306 defines the tulle.. rt viscosity
grades. of automotive ltibrica:# ts.A  multignide
autoinot:i?;i 2ear lubricant refers to an automotive
{,G a lubricant that 1h1a:3ss 25 iscc?s t~ tai :t .:
ati:irc chain: tcristic s Which fall t itliiir tlr
limits oftWo t i I L LCrIt :~~,  numbers in SA 306,
June 1998, For example an SAE 75W-90 atitomouve, - .ar
lubricant has a uta: imi um temperature o1'--40L. fora
viscosity of 130,000 & and a t 0'C bet4ti'e n 13.5
i":nd less tlian 24 1) cSt. The sec .rid SAE   grade,
XX, for a multigrade automotive ge, rlubti; ant :ti
aaways a higher 30 l7titttl' than the pro eedins? \ "
' F Viscosity grade thus you ma 4' iia ve all SO W'-90
multigrade autorriotive pear lubricant but not an
80W-$0 muitigra:ly iritcwirmOti,,e bear  l ubri:cant.
7 WO 2007/118165 PCT/US2007/066095  5 Auto ,-:ril c
fear I,uhr ,.:an Viss csit C.l;iss`ficat of - SAE T fl
. June 1998 Max ? U;zal erattrre Kirreru t. Viscosity
at 100C  SAE Viscosity Grade forViscosit-", of 150,000
-9 ""C 70 W, f - ti 4.1 - 7 1 Y 40 4.1  SOW 26 7.0 85
# -12 11it 



t 0 7,0 1 < 11 . 0 85 11.0 <1 3.5  90 -,24.0  140 24.0
<41.0  U2_0 41,0  1b-: airr} 1es ofautolu:otive gear
lub tic ti nts c c mam al trmsnlisslozn f uk , aa;:le
lubricant and differential fluids. 10 1heoMla,
irr?irrr2 l'enioeratli for \L L(,`sb of 1 o0 0if CF,
(CcC ~ idie+surcd by scaml,110 }.Brookfield Viscosity
by AS 0\1.1)29 -O4. Gew lubricant lr ruing ? loss
Brookfield  i'...osity, especially those ,pith a low
1-uokfield Ratio are especially desired. A lose
Brookfield Ratio is associated with it pie c i 1o s-
ter perature properties oft e gear  t IIricant. 15
11,. B oKok i`_,1d Ratio is calculated by the
following equation: Br-ookfed Ration Brookficd \ ' l
i,osity" in eP,meast reel at -1 et pLrtau:rc fi an
degree  t e ic'cd bythe K-inemati Vise"{sty at 1t~t1 C
in e--fit; 20 Ter mpc:rawre f', equals -40'C when the
gear lubricant is an SAE 7,?V,'- X. I err p rature
equals -26'C when tt,s ; , r luhrica,~l i Err S ,\E
~"OW AX; =d  `l carp is=tusk. equals -12C when th car
lubricant's 13r ~7_` i. `v r X:' : r WO 2007/118165
PCT/US2007/066095  5 `1he Brookfield Ratio of the gear
lubricant of this Invention is less than an amount
calculated biased on the Temperature 13 b the fo
lowhig equations;  61 y t 0. 07 x k,? ;here 03 equals
-40 when the gear lubricant is an SAE 75W-XX., l
equals -26 when  the gear lubricant is an SAE 801 W
-X.\, and (3 equals -12 when the --ear lubricant is
act  10 SAE, 85W=v'-XX. Thus, for an SAL', '5 N'?'-XX
asttome-live L'Car lubricant invention, the Brookfield
Ratio is less than 1 ON'N1 preferably less. than 8000;
for an  



SAE SOW-XX automotive gear lubricant, the Brookfield
Ratio is less ili ui 37433,  Preferably less than
.500; and for an SAE 85 !-XX automotive gear
lubricant, the  Brookfield Ratio i~ Ie' inn 1419`:9.
Note that X in this, invention refers to the SAE 15 sx
3s:y grades of 80, 85,9O, 140, or 2X for :u a,tnonl
otive gear lubricant  will iii11 ? ac: a higher nailer
than the S v'':~Cositl` grade; thus  you may Lave an
SOW-90 gear lubricant but not a 4C 'eta gea lubricant.
Note that the gear h l'O ici ik of &6's irlventi'an
are a t., i !'r tf &ul?sit tH tl'i SG rIlc' tit1  20
the SAE .130 s ei ti tttio a; For o',-ample, an SAT' 1
90 oil 'a with- a l ,c lc.t elcf  viscosity at the
maximum of 150,000 eP divid :d h-~ c typical kinematic
viscosity at  1,1ta`'C of 14 cSt would have a
Brookfield Ratio of l E0714, \hich would not be as d
sir-cd as the lubricants ofthis invention with a lower
Brookfield Ratio. 25 The gear lubricants of this
invention  ,J e "higher kineniatic:viscosity at I000C
than  other oils r:un a wavy feed 1' <<: low lire
R:it_lc: viscosities, The gear  lubricants of t' is
invention have a i:in,ematic viscosity at 100'C
greater than 10 cSt.  Preferablytlt , liavr a
kinematic vi ?sits at I0l0'C. less than or e:iual to 4
1.0 cSt. In  one embodini 'nt, they have a kinematic
viscosity at I OO'C greatci d k-'-Jr) 13 cSt; and in
20 another c.rnbodiaaaent, they have a kinematic
viscosity at 100'C' greater than '-'!1 U.-~ In
preferred e=.i.i~odibnents, the gear lubricants of
this invention comprise greutc-_ tl an  12 wt%, more
preferably greater than 15 ts>t%; must . ret;hrahly
greater than 25 wt% of  a base oil having: 9 WO
2007/118165 PCT/US2007/066095  5 i. a sequential
number of carbon atoms, ii. less than 0.06 aromatics
iii, _:ater than 20 vv't `' a total molecules with
cyclop rr`affinle  til,rctionalit y, and iv, a ratio
of molecules with  1nonocyciei ,.,raffinic
fancfionality to molecules with 10 muiticycloparaffin
c functionality greaser- than 12 The t rtris "M Scher-
f ro}_-:c.h dc,,r Kc:I" ,,z "FT do r t ed"means that
the pr'odoct;  



fraction, or feed originates fiom car is pioduced at
some stage by a Fischer-'I'r'ol,,~,d:  process. The
feedstoc k for the Fischer-Ii'opsch process may come
fro: r a wide variety 15 of hynrocar'bonaceous
resources, including natural gas, coal, shale oil,
petrolei rn,  municipal waste, derivatives of these,
and combinations thereof. "Waxy feed" is a feed or
stream comp i icing hydrocarbon molecules with a
carbon i'm. mbct of a boiling point iycra}!tf ihove
b_r ;r t3<'I <<~"Cj. f he  20  i~:a~~cI,4  ~"r~
L.~~.1r1 rr. t':e. T)r+-rcLCSCS disclosed herein rrtay
be sN rtl~_rrc ""::ti}~ r~c:lsttrcks,,  sLICh a Fisc
het l opsch v'axv hydrocarbons, or may be derived from
rraatural sc r~r _,es,  Aceordht, 1y, the waxy feeds
to the pro: e.esses may, :uprise Fis her `Profs h der'
ved  waxy foe(ls, Petroleum waxes, wax Ali tlilaate
stock .such as ;gas oils, lubricant oil hit;hpour
point p.ol 'alphaolc.iin`; foots oils, normal alpha
olefin waxes, slack  25 'waxes deviled waxes, and
rr.lc.rocr vstall:tnr :waxes, and mixtures thhercof.
Prefer'abi .  the waxy feed, ,t _; s are d :ri v e,d
ti-om 1" ischer l:ropsch waxy t 'i: 1 . Shack wax can
be obtained from cUrr'; vrrtrorr ~i p troTsuru i<1l .
E fcr 1, :. _ 1 tat i i illc l  hy"frocraekin or by
solvea ~G Et~r i of the lute orl f aCil,~d).
I~?7~'iill t~dack Asa is  30 icLovered from solvent
de,. -w-',ing feedstocks prcpar,;,d b r-}t r c 're.
procccsses, H;droci-Ft:irr is usually pteferred
because hydroer .c .i.i ; will also r. du c the
filtf"[ `';Ca >;"t`Grat to a log' vaiclc- WILh slavk
wax derived 1rom. sol`, : rr j iced oils,  dearting
may he used to rc lt.cw l: c nitrogen content, l1Z l;
'u-rc t i. of t)c ~ Lack s4'a.  can be used to lca;s r
the nitrogen and sulfur content. Slack Saxes possess a
very high -10 WO 2007/118165 PCT/US2007/066095  5
index, you allyr in the range of ti': ni abaaat 1=40
to 200, depending on the oil content and the starting
m tea a:al from which the slack wax was prepared.
Therefore,  slack ;=axes are stainable for the
preparation of base oils having a very high viscosity
index. 10 The ; ax_v feed u el'aal in this invention:
preferably has less than ? ~ ppm total combined  



rlrt geu and ' if1r Nitrogen is measured by melting  e
prior to oxidative  a OInbtastiura s d chc
rilurninescence detection by AS'fM U 4620-96. The test
mnetho is farther I _ sciihctl i s 1.1.S Patent 6-50
3956, incorporatedherein. Sulfur is ineasuir-ed  by
melting the wax feed prior to ultraviolet fluor scence
by AS I N1 D 5453-0 . The,  15 test method is further
described in tr.h. Patent 650 1930, incorporated
herein.. Waxy feeds useful i1", this mvcntion are
expec tied to beplentifu and relatively cost
competitive in the near future as barge-scale f
iseher-Tropsch - , nthe ;is processes Come  1,3to
}yi-odueiion7. yncrudeprepared from the I ischer-Trop
cl} :tit+.f ~;;aprise5a 20 iisiuure of various Witt.
liquid, find g aeous hydrocarbons, ho'e Ii .;
ter-"I'ropsc  products which boil -vithiai the r~ui e
of lubricating base oil e nta.an a high proportion  of
wax which macs them ideal c i didat s .l<~r l}rocess
taa into base oil. Accordingly,  1 a;t:ll\;r 1'a'op Ji
\vcc\ :epresean , an excellent feed for preparing high
quality base oils  a cording to the pros oFthe
invention. Fischer 1'ropseh wax is normally solid at
25 room temperature and, ct,nsetluently displays
pt.,,ir to teinpet: tier proper ies, such as pouf
point end cloud nt..However. till( '';'li ' 1 'i
0i'-,01 -)I th3 e' Fischeer'l ropsch derived lase oils
having excellent It w fez iperotnarr pro erties may be
prepared. `t. general description of t nabl' h iip'
som F ,tip&7", deWaxing pn c sse  may be found us U.&,
Patent tbs. 5135638 an MAN , u [IS, Patent Pu
xlic._atum  30 dPt. ? 133409, incorporate is here n,
The hydroisomerizatiot is achieved by 'ontactin . to
v4co ft-cd Ah a  catalyst in an twat=i iatron zone
under ??5+1111C!'izing  conditions. The hydro Nome
izution catalyst preferably comprises shape Selective
11 _ WO 2007/118165 PCT/US2007/066095  5 intermediate
pore site moteoula sieve, a noble metal hydrogenation
component, and a. refractory oxide sm-rocrt. The shape
selective intermediate pore size molecular sieve is
pr.oferablyr selected tiom the group consisting of
5.17(.11. SAO- ~ 1, SAP'(-d 1, SM-.  zS til 22, Srv1-2
~, .LSM- j5, ZSM-4 .SM--7, SS7-32, of t~iiu. ..=i .t
its, and coiaab nations thereof. SAPO-l 1; ST\4-3,
;5Sr1--32 7SM-2 j, and combinations thereof  



10 are more pi` f,rrLcl.Preferably the noea fetal
hydrogenation component i Oatlrum;  palladitinm, or
combinations thereof The hydroisonicri/ n
i:ond's:it~tasdepend on the sr xy= fur used, the hydro
sot cri7'( 7n i::t 111' iisd, whether or not t e +_
3"'lti`Si is smd.cd, tI, desired 15 yield, and the
desu'ed prop .itics o lthe base oil. Preferred 1r
dioisoni..riring conditions  useful in the cur era
invention include temperatures of 260'C to about 113"C
(00 to about 7 7-5'F), a total pressure of 15 to 3000
prig, sand :a hy-dronen to feed ratio  from about 0.5
to 30 .SCI. /bhl, pry:rerah;Iy from about i to a
),.ori. 10 MSC F/bbl, more  preferably from about 4,A)
,boit 8 N1SLF/bbl. hydrogen, will )' sw}rir<at.a  20
from the product atnd ik~c.y %:I d to the isomerirat
ern gone. Optionally, the base oil l,r(),Ai cd by 1 Gd
ciis~smeriratic>ry de v a: ing inay be  hydrofnished.
The, hydrofinishing m ay occur in one or more steps,
either be re o  after fractionating of the base oil
into one or more *t ctionaL i lie hydrofinishind is 25
ii~">iuud to Improve the oxidation :stability U V
t4al--ii ty, gand appearance cif the t tcl jna by
iE:nioving avonna cs, olcvfty c l i ho d! i .s; all
solvents. A general de ti ;t _ n of hydro inisL-it ,,
ni:a be f: biai ci in 11 Se Patent Nos. 3852207 and
4073487, inc oI ,r~raated laa reiia. 'Tli hydre~f z I,
,; , y.,uli IIa~a4+ l e ;,~e'l d to is duce the
weight percent olefins iai the base oil to less ti ri
10, preferabl} I .s than 5, more 30 preferabk less
than I and most pieferahly lass than 0, 5 f 1 1  r
uinishin step may  also he needed to e<lnce the weight
percent arorattiesto less loan 0: 1, preferably less
than ti.. 6. t or, I,t fe .I;iti' le t1h-tn 0.02,aad
most prof ally lees than 0.01. 12. WO 2007/118165
PCT/US2007/066095  5 The base oil is fractionated into
tiiflr'i nt viscosity grads of base oil. F Vi r
i_+late t of this disclosure "different viscosity
grades of base oil" is defined as two or more base
oils r':i ff r <> in kinematic viscosity at 100C Ii
oin cad, other by at least 1.0 cSt.  Kinemetic
viscosity is measured using AS fM D i 5-014,
Fractionating is done using a  vacuum distillatioi,
unit to yield cuts with pr .-selc icti boiling ranges.



10 The base oil fractions w=ill typically have a pour
point less than zero degrees C. Pref rably the pour
point will be less than -10C, Additionally, in some
err bodiments  ttl,: loth- p int of sli oil fraaction
will have a ratio of pour point, Iii 1 f : C, to  tine
l-:inematic viscosity at 100C , in cSt, greater than.
a Base Oil Pour Factor, where 15 the Base Oil Pour
Factor is defined by the cqulttion: Base tail 'oar
I=aactor= 7. 35 x  iAn(Kinelnatic Viscosity at 100C)
-18. Pour Pont is measured by : S'a Iv'l D 5950-021
The base oil fractions hcmv:: measurable cp iant.l es
, -unsattlratted .toolee-Liles measured  by FINIS. In
a preferred -i ihodirnent the [ dr isc?#ria r zaiion
dewaxing and 20 ftactiohating Ct?i.c1`.#1t?i)S in the
} ~Crcess ofthic inventiontire tailored ro p:-i_ rice
one or  r;iore selected fraaciiatl_ l t I- c oil
having tlr:An 10 ay o t t vial .i C?lecCrles With  c;
clop afti#t" c firracionarlity, preferably greater
than 20 grc:aatc:r than '15, or greater  il,.in tl .
C":_l a =iscosit} index greater than 150. The one or
more selected fractions of  U ase oils ,,will usually
have less than 70 wt% total molecules with
cycloparaffinic 25 functionality, Preferably the one
or more, selected fractions of base oil will
additionally have a iartio of mole:-:des s tia
raaoraiac c lu;~~arraftinir. tuiictiorl:,iaty to  l,r
lee c molecules with multi ycInl_ "r.arlinie
functionality greater than 2.1. An  rmboarialents the
base oil l:taa4 a ratio of iiioleca.rles with
nionoc"v'clopai iii?"Flitk  lunctttnalit)) to
molei..ull'5 v'itl: r-itflti.cy':Iopaaratlini t3.m
tioualit Sri 3E `r'',ll'11 5, or i, Ji base _.t 30
',r`Cdtc:[ tix..rl. 12. In l7Ct fr`t'+..d ~,i ti._ i `
itilclll~ the base C.J.rtOSrt&#r] no dSri`a ,f u~ .tS
a','Atl] z~rult ltii a:ratlinic'functionality, such
that the ratio o n olec,ules with  iQi)c!C'
~l.~l?tiraftinic tirnetitalaalit to rrat?lceules"y..
it r ;id' t.a c ie :, "flir~i  in is+rtaalrty is grey
er Haan 100. WO 2007/118165 PCT/US2007/066095  5 In
sorne preferred embodiments, the lubricant base oil
`actions useful ill this invention have a ,,iscLislVv
inde greater than an aniotint defined by the equation
VI -. ' x I>n(Kir.ematic Viscosity at 100L) -05. In
other l r #errr i en E t~ iirrx nts,  



lubrieer:rlt h.isc oil tractions usetu in this
invention have a viscosity melt \ greater than  an
amount defined by the equation: VI = 28 x
Ln(Kinernatic Viscosity at 100C) 10 +105. The presence
of predominantly cyclciparaffinic molecules %vi h
.monoc-yCloparaffinic  ii.nutionality in the base oil
fractions of this invention provides ex,,cli nt o:,;
idatior  5i< bility, lows Noack volatility, as well as
desired additive solubility and elastomei 15
t_oTi}liutit iity. ]"he base oil fractions have a
weight percent oleims less that 10,  preferably icss
tl,.aii 5, more. prefcrably lows tlr c 1, mid most
preferably less than 0.5.  The base oil fractions
preferably ha, e a_ ,vci lht ppereentarom<ati i less
tl-an 0.1, more  preferably less than 0.t)5, and most
preferably less than 0,112 In pret--ucd 20
embodiments, the _ base. oil fractions have a trrtc,
on c oc.1 ,slot less hl;.at 0.023'  preferably less
than or equal to 0,021, more prcterr.,1v less than or
cquial to 0.019;  when measured at a kinematic
viscosity of 15 eSt and at a slide to rill ratio of
40%.  Pr. erat)ly they have. a traction coefficient
less than an tTna+~tr:tt di,.:tnr.,d by th&
cciuation, traction coefficient v 0.009 xLn(Kinematic
Visaosi,.y ) (}.001. wherein the 25 K iu.! a t:c
Viscosity durlrlg the traction o-efficient Tress
rreuierrt is oct'.~'t'r.`n' died 50  cS1: and \s
herCrn the traction coefficient is measured at an a
er'age. rollrn; speo-d tTk t .i's p > .cc.~nd, a slide
to roll ratio 4 f~,, and a load of 20 Newtons. L.
aE:lI-s of  these prefer're'd base, oil tractions are
taught in U.S Patent i'ilblication Number
20050241900:x.1 _ The gear lubricants made using the
prefer'r'ed base oil having a loss 30 traction eos.Lt
?:'rtt: will save energy and operate cooler. In more
preferred e nbodi m lei ts, the base oil fractions
having a low', traction  coefficient also have 3 vas
film this ;ur That is they have an Eiiii) li1.m.hici"
wess  greater than 175 nanometers when ,ii,;Fast : cd
at a kinematic v isco:.ir_y of 15 c St. The WO
2007/118165 PCT/US2007/066095  5 preferred base oils
of this invention have #ilicr Chic k-tresses rib-rut
,irc same or thicker than PAOs, but have lower
traction coefficients than 4'AC)s. in some of the
Brost preferred embodiments, the base oil fr'aciorrs
have ir-~tc.tion  L.oefticierrt less than 0.017, or
even less than 0.015, or less than. 0011, when
measured  



10 at 15 eSt and a t. slide to rod roic' t ?` ,10'%.
The base oil fractions having h tracticr_ _,ave unique
1:hrunc ling properties by NMR, including a br .:r
hind  ztclYL: l ~., tl-iui or c {UO1 to 23.4,
abrarching proxinut y greater than or equal to 22.0,
and a Free C:axbon 1t dek between 9 and 30. The base
oil fractions having the 1-oxwest  traction
coefficients have unique branching properties by N MR,
including a branching 15 index less than or equal to
23.4 and a branching proximity great~r or equal to
210. Additicsn_tlly, they preferably have greater
thorn 4 sv-t''/  aphthcnic carbon, more  preferably
greater than 5 wt',(, raphthenk c. si bori i.4
analysis by ASTNI 1) 3238.  The base oil fractions
having the lowest, traction _ e:ft; , r:t Centrally
have a pour  point less than 15% bu surprisingly may
have a ratio of pour point, in degrees C, to 20 d w
i.iu. riat c viscusity at '111{ :n c'i, le' than an
i.rnountdefned by the equation  Has; Oil Pour l awt,.w
- 7.35 x ligi,'1n..*rt,.i Viscosity :t 100"C) -185.
11c base oil  fractions having the lowest traction
coefficients have; a higher kinematic, viscosity a td
higher boiling points. Preferably the lt:bii <.r t
base oil fractio 7 : has'i tt ra traction'
coefficient less than 0.015 have a 50 wiA boiling
point greater than 1032'C (1050F). 25 In one ernbodirh
ell the lubricant base oil fraction of the invention
hti a traction  coefficient less than 0011 and a 50
wL% boiling, point 1),j AS l"I'A D 63 5 ? .;realer
than  592"C,' (1 080"'F), 1`helubi."ctmt base coil
fro,cti useful in this invention, unlike
polyaiphaolefia: 30 (PAOs) ;tied many other synthetic
lubricating base coils.. contain hydrocarbon molecules
having consecutive numbers of carbon atoms. This is
readily determined by gas  chromatography, where the
lubricant 1 3 e oil fractions boil ovei , l road
boiling r .i >>e  and do not have sharp peaks sepanitL
d 1-,y ni ore Claim I carbon nun L.r. In other v e r
d:;; -15 WO 2007/118165 PCT/US2007/066095 11 5 the
lubricating base oil fractions have cltroi 1'C F,'t
.11C pea~ks at each carbon tiuniber  across their
boiling range C,  O ridator BN of the lubricant base
oil tra time most taseful in the invention is  



greater than 10 hours, preferably greater than 12
hours; in preferred embodiments, 10 where the olefin
andarozlattics contents pare sig.nifkant y low in the
lubricant base oil  t? acti }rr ei the lubFiiaiana it
the O\l l for BN of thselected 1 se oil fraction will
he  icCrLla) 23 how`a, pn. ciabl greater t13~=.n 35
hours, rr~ ae prel aak ly ratertftan alt? cr t yen 41
hours. The OxidatorBN of the sel:akc-ted base oil
fraction will typically  Uc less tlnu 60 lhours.
Oxidator- BN is a convenient way to meaastire the
oxidation 15 stability of base refs. `flxc .txida.>or
RN test is described by Staangcland :t a]., in US,
Patent 85: 20I7, 1 he Oxidator RN test measures the a
=sista,ac  to oxidation by  neat: of a Morrie-type
oxygen absorption app>.ar..tzas. R. \;V. ' oi-rite
"tOxidat:ion of  White Oils,' frlducti-ial and
Engineering Chen 1 1r\{, Vcl. 2 , p a_e 261 Q36.
Normally,  the conditi zis are one atmosphere of pure
oxygen at i0T. The r.sr.rlts are reported ire 20
-sours to al,, orb ! 000 ml of 02 by 100 g, of oil. In
th. Oxidat i' BIN icst. 0.8 nal of  catalyst is used
per 100 grams of oil and an at lal t is inc'aded in
the oil;  `I lie catalyst is a u nw t re of soluble
metal naphthenates In kerosene. The mixftiie of
soluble metal n phtilcniates :simulates the average
metal analysis cf'used c arnl cas oil.  The level
ofrnetal in the catalyst, is as follows; Copper ppni,
lion = 4,08:1 25 pptat Lead ::~ t t},20' ppmmm
\dangatnese~ 350ppt rt , fi,- 3565 ppr . 'I he a l
iiti' e  Package is 80 a-FFi1141161,~s of zinc
bispolypi apyler~ ticravlditlt v :::{- L t1<~[t. 1.:
100  grains of oil, or appri '.iii tcly 1.1 grams of
01,0A 260, The Oxidlator B N test  measures the
response of a lubricating base oil in a simulated
aj)plication_ High  values, or long times to absorb
one, liter of oxygen, indical gee o:P',dation
stability,  30 OLOA is an acronym for Oronite
Lubricating Oil Additive, which is a registered
trademark of r iev,r on Oronite. 16 WO 2007/118165
PCT/US2007/066095  5 Lubricant Additive The finished
lubri Liaitt of the present havention comprises an
effective amount of one  or more lubricant ,additives.
Lubricant additives which may be blended with the  



lubricating base oii to form the finished lubricant
comp a ii iuFt those which, are 10 intended to improve
certain properties cf the finished [.a rig lii . T,pic
l lubricant  additives include, ft example, anti-aac;
r sdd-hives, 1 ., t cra: , dctci' ents, dispersants
ZZ, antioxidants pour point depressnnt5, isc ,, it r
Index a ai ruv :s, viscosity modifiers, friction m
odif:ters, der tulsiti4i'S, antifoaming ag`,ent-s,
corrosion inhibitors, rust  Inhibitors, seal swOtl
agennts, emuisitiers, wetting igeni-, l b ici
improvers, metal  15 dq.i,Ectivators, gelling agents,
tac iilt., ti :',gents, bactericides, .tiuid le s
additives, c.nlortua and the like. Typically, the
total amount of one or more lubricant additives  in
t1--e #it isb l lubricant is within the range of o.1
to 3o wt-- Tl j :cal lyi mho amount of  lubricating
base oil of this iinv't'ntien in the finished
lubricant is bc~-ru een 10 and CQ.,)  \vt' .
preferably between 25 :nib 99 ww,t%. I ul r cant
additive suppliers v ill provide 20 informali n on
effective. amounts of their iiiJi\, idu it lubricant
additives or additive  p ci,.z_ t:s to l 1;Ic:i,ded
tla itibrieatmg base to make lini ,is. d l+.s;
arica.lits:  Hcavycvcr dine to <.\ce.llerit propertioz
of the lubricating ba.sc~ oils of the inventioin,
less additives than rtciil fired with i>al~ is it i a
hale oils intaci,e 1tt, processes may be  required to
meet the sp citicatioris for the finished lubricant.
25 Viscosity index improvers LEI lam cc e .,y: V1
improvers modi .- the , iscometric characteristics of
lubricants by reducing the rate  of thi - niriv, -with
area a Inn te.Inl;ermure and the rate of thickening
with love! 30 toupee ti i -c. 'I iirmpl e; : crs
cla-rc9-Y '7n , [de er h inced per{rviiumce at Iow- an
t r.- t  temperatuit,ar I iml ru,, crs are t ypl afl ,
pub tr 3 ;o mechanical degradation due to  ;S{.ari
igof rho molec;il:a In high trccs High pm ssures
generated in hydraa.alic  systems subject #luIds to
shear rates up to I O's-Hydraulic shear causes fluid
WO 2007/118165 PCT/US2007/066095  5 teniperiitvr to
rise in a hydiaulic system and shear nia y hung about
pcrnianent  viscosity loss in lubricating oils;
Generally VI irupiovers arc oil soluble organic
polymers, t :l ic4 l yolef in hoimo- or c:o- pol)-hers
or derivatives thereof, of number average molecular
',ought of about 1500 



10 to I iaoilli -~n atomic mass hits (amu). VI
improvers are generally addee to lubli ai n;i  oils x
~ Concentrations from about 0.I to 10 Nv They tuneion,
by tliic,k saint; the  lubricating oil to vwhich they
are added ratane at high tempe atures than to thus
keeping the viscosity change of the, lubricant v rli
twit I: at>i e more coi:stant than  would otherwise be
the case. The change in ;is_usity with temperature is
commonly 15 represented by the viscosity index (VI), v
i? k :la viscosity of oils with large VI (e,g.  140)
changing less with temperature than the viscosityof
oils with low VI (e.g. 90)  Major classes of VI
improvers include: polymers and copolymers of
wethacryla.te and  acrylate esters,
ethyrleTie-propylene copolymers; styrerieyditne
cc-polymers- wid 20 polyisohuty lene, VI n nroa4ars
are often hydrogenated to remove. residual olefin. VI
improver derivatives include dispersant VI irn
ro'veis, which eonta.ini polar  Iui'etionalities sue
l; ],rafted suceinimide groups the Bear tai brn. m i.
of the invention has less than 10 Wt%;, VI maps aver,
preferably less  25 than 5 wvtl'''_, VI iinprover. In
certain embodiments, the tear Iubrit~.aritrnay contain
very  low le "is oaf VI improver, such as less than 2
wit or less than 0.5 wt%, preferably  less than 0.4
wt%, more preferably less than 0.2 of VI improver. The
4gear  lubricant may even contain no VI improver. 30
Thickeners: Tl3ick,:nits in the context of it"tl`.
c=f1 ,C'[)-ut are oil r lit ;l coil miscible
hy&(_)c.aebons with a kinematic vl ':S _'ity t 100C
greater than Iii est, f:.a3Implc8 of thickeners are
polyisobutylene, high molecular weight complex ester,
butyl rubber,  Is WO 2007/118165 PCT/US2007/066095  5
Olefin. copolymers, styrene-dime polymer,
polyn-iethacry 1 I:u, sty j ene-ester, and ultra Ilih
viscosity: PAO: Preferably the thickener his a
line=.natic viscosity at I00C of  about 150 L.St to
about 1[i.t7(~~l (:St, In one einbodiment, the gear
lubricant of the invention has less than 2 wt%
thickener.  10 Base Oi l1. distillation.: 



The separation of 1=i`cl,cr-1ropsch dein c l fractiai1
mitdl pets s leer i d rived (Factions  into various
J.'TaciioT,5 ]e ILg .haracteristit;'bodltig a mnges is
c'.iie 1l1\ L. 1plishet 15 by either atmospheric or
acuun-i distillation or by a , cinbinatiOia of atan .
;p1 ii and  distillation. As used in this disclosure,
the terin "distillate t=raction" or it till:ate'
refers to a side: sii ar i Ii autit~.aa recovered
either from an alt a~asalieii  tt<ictionat on column
or from a vaL .:.:IT. column as opposed to the ""
'toin,5 r WhiClt  represents the residua, higher
boiIin fr,)ct?nn recovered trod the bottuln of the .20
colunnn. Atmospl.ta:c distillatitnn i, r.fl-icall)
used to sepaT4 c the, ligllk_t distillate  tractions,
Such as n :plntlia and iniddle dictillat:, froin a
I-,il ila,<. it ii taaving all initial boiling point
above about 600"F to ah }~..It 7509 (about 3 15C to
about 99C)  Athit l,t t<:t-nipra ores thermal cracking
of ti:: hydrocarbon., may take place leading  to
toulin or the equipment and to ,it:. s uf'the
1I~:a-i,-t- c.tts. Vacuum 25 distillation is typically
used to separate thy.. liiwwl ;.r boiling material,
such ) the  lubricating base oil fractions, into
different boiling ran cuts. I t ac. is n ett ;g. the
lubricating (vase coil into different boiling range
cuts enables the lubricating base oil n
anufactaaririg. plant to produce more than one grade,
or viscosit, of lubricating,' base  tail 30 foul ?o ut
Depressant TLC g,: ar lubricants of the pre ,_ :-nt
invention further comprise at least one pour point
depressant. They contain from about 0,01 to 12 wt%
based upon the total Iubricai: t  19 WO 2007/118165
PCT/US2007/066095  5 blend of a pour point deprc;
cant, Pour point depressants are k aot4ni .iii ;l c
all and include, but are, not limited to esters of
nuileic anhydride-st\'rene. copolymers,  pnl.y.th
ethaer~f~t t olyac dates, polyacrylarnidcs,
condensation prc aucts of  haloparatfin wa',:s and
aroTnazic. conapuunds, vinyl carboxy late tpolvniers
and  teapoly=rners ofdialkylfuznaiates, vinyl esters
of fatt.yr acids, {_tnslene-vizayrl acetate, 10
copolymers; alkyl phcuuol fora ald lhvde condensation
rosins, alky>l vin. l '- 1ke rs, oletazz  



copolymers, and taxi .tta - ,lierecf PreterablyP, the
pour point do kc ssan is p lea ethacrylate, The pour
point depressant utilized in the present invention may
also be a pour point  15 depressing base sail blending
component prepared from an isomerized
Fischer-`l`ropseli  derived bottoms product, as
described in U.S, Patent Publication 20050098476, the
contents of which i.~ herein ikar orporated by refit
ri in its entirety.., When used, the  pour point deprr
in T ease oil blending component reduces the pour
point of the  lubricant blend at least PC below the
nu,ar fnin.t of the lubricant blend in the absence 20
Of the p car paint depressing base oil H-odiw
r"nzponent. The pour point depressing  base c it
blending component is an . razzi rr~eci Iischer-"Drop
ch dod =e t b ci.t iii s  product having a pour point
that is at least 3 Chigher than the pour point of the
lubricant blend comprising tl '.e ht cant base oil
fiaction der ved from hi l i) paraff nic. wax and the
petroleurn derived base, oil (i.e., the blend in tb .
~tlhhson{_e of a  25 pour point depressant). For
example, it the target pour point of the lubrieak.at
blend is  1YC and the Pour point of the lubricant
blcrx ill the Ybs~ :,ce of pour point depressant  f T
t r Than -9C an amount of the pour point depres ,n;,
base oil blending component of the inentiof will be
blended with the l :bkica? t blcncl in sufficient
proportion to lower the pour point of the bicoil to
the target vt hcic'. 30 The isomerired Fischer-Tropsch
de heed bottoms product used to to wwer the potyr poin
t  of the fubrt- a blend is usually r tcoi fired as tl
bottoms fro!rl the th t l,_cit~rh o  Fl' ;Lki r
lropsCh operation, The it~f<`e T13:iiGt'..ii
r~'.ekpltt sA ib!_: four Point d .Di . ssing base oil
blending component. usua]ly will fu11 wi hill ;l.e:
range of from  20 WO 2007/118165 PCT/US2007/066095  5
about 600 to about 1100 with an average molecular
weight leis ~:ia about 700 azn.d about 1000 being
preferred, Typically the pour point of the pour point
depressing base  oil blending component will be bet;
veen .about. -9` and about 20'C. The 10% point  



of the boiling range of the pour point depressing base
tail blending component: sl..all  will be within the
range off om about 850F and about 1050'F. Preferably,
the pour  10 point depressing base oil blending
component will have anavera4ge degree of 1 ~.3 l na in
the molecules between about 6.5 and about 10 alkyl
branches p( ,r '00  c.3rbcrr l.u n'. In one embodiment
the lubricant blend may, consprise a pour point
depressant x~vell  15 known in the art and a pouts
point dq ` ;i ig ba.t; oil blending comp- )nent. The
pour  point titt>r . i s base oil blending component
may be an isoznerizec Fischer-Tropsch  d rig < d
lhott:arns product or an isoniertzed petro+ a tm der
lo ad h\ torts product. Pour  point depressing base
oil blending components that .-rc ~f3~:: ri + tl
petroleum derived  bottorn., product arc <,t.. ri yeti
in U.S. Patent Publication 2005,) '47100. in such an
20 enthce invent, preforsbi) t':, lubricant f l<,~d ;
olnprists 0.05 to 15 yitnore pre[(.r uH } "), 5 to 10
-our point depressing bast: oil blending omponenl that
is  isroI iet-i. ed Fischer-Tropsch (erred, or
petroleum derived, bottom product, bright stock is a
hid=?i viscosity base oil l:: named for the SUS v.se
sity 'at 25 21011` py,.tic. tll y petroleum derived
bright stock xill have a i c octt above 180 eht at
40'C, pit I ihlv 250 eSt at -+0 'C. and tic. c I?i
fembi4' I -1 it 500 to  1,100 ,St it 40"C iiiglzf tock
(&t Jv, :d om Dagirg crude ha, bcc,s fL;Irid to be
especially suif ibie. toga, seas the pour point
depiessito base oil bleeding component of the present,
invention. The bright st <<:_I- should b( l~ lr`.. r I
~ raz~cl -nd nury optionally  30 be sc h eut ' s r ;;
d. Bright stock prepared solely by scl ti dcv r:. I'll
L= has beers found  to be much less effective as a
pouf- point depressing base oil blending cortmponernt.
-21 WO 2007/118165 PCT/US2007/066095  5 ICI' Gear
Lubricant Additive The gear lubricants this invention
comprise between 2 aa1d35 L-u. l r iirubiy  1+ 1 , e
fl 2.5 and 30 vt%, more preferably between 15 and 20
vvt": ,, of all cxtrtraa  pre,- ore (Ell) gear-
ltabricaaaxt additive. EP gear lubricant additives are
added to 1L ltln:it; a at to prevent destructive
metal-to-metal contact in the lulricatior~ of moviia  



\V]1!It under I1onrial conditions termed
"hydrodynanuc", a film of lubricant  is m u.;1 tt,I,~;
C. between the rc ati4tci) ratio-'m surface s governed
by l?<ibricant  parameters, and principally viscosity,
IIo\ ever, when load isincreased, ~ l aranrt  between
ti na.ta tul E > is reduced, or when speeds of moving
urtace -~ "il c `;uch' that the 15 frlm.of oil cannot
ho.niainiained, the conditioaa of "boundary
lubrication" is reached;  governed largely by the
parameters of hc coi-- icting surfaces, At still more
severe,  conditions. st , iihc ant desructivc contact
manifests itself in carious :formssuc:h as ear and
rnetal fati gee as measu:rc by ridging? and p ttiri .
ii is the role of EP gear  lubricant additive to provn
this from happening. For be most part, PP gear
lubricant  20 additives Ii r been. o;1 c~i?l_ o_
e,_asily dispiised as -,.i stable dispersion to the
oil, and largely Leon organic c c n'gpow-,Js
er2iacaxll~ 3 a : t ' l to Cionttain suffu , halogen
(principally chlorine), placisphoro l carboxyl, or co
a t 1t \ :ate salt groups ,>rlaich react  with the
metal surface under b, tI'd a ?,,' lubrication
conditions. Stu131e dispotsioils o:t'  hydrated alkali
accent( borates have.- ' 10r, 1 forted to: be effcc O
a EP gear lubricant  25 additives. Moreover, because
hydrated alkali metalbora_ces ;r, zaccluble in
lubricant oil rice Iia.  it is necessary to
Incorporate the borate as a {li;:l`~I' It rl 1-D tile
oil and bornogenow5 dill e-r ions are parts xlarl,
&siralblc. The. degree of formation of :i homogcnnou:s
30 ell cLci tiioi can h orr :1 iL L1 to the t_I? ty of
the oil after aduiLlon k? to hydraLd alkali
;xacralborate with. ni her turbidity correlating to
less honiogc.inous dispersions.  In case:: to fx
ilitate formaticnl of such a h{ mi.';gcnous drsper
onn, iris conventional to  include aJispersaantin such
include lipophilic  surface-active agents such as
alkenyl anecinimides or other nitrogen containing WO
2007/118165 PCT/US2007/066095  5 dispersants as well
as tl.. rv l suG : r rtes, It is also conventional to
e:inploy Ific alkali r,-:ptiil borate It 3-particle
sizes of less than I micron in order to -facilitate
the formation o the bornogenous dispersion. .A
preferred EP -car lubricant additive of this havcntion
comprises an oil dispersion of hexagonal boron nitride
10 Other ore4 erred EP Year lubricant additives of
this invention cortrprise a dispersed 



tiyt att'c1 r otassi maI borate or dispe s,"1 hydrated
sodium borate composition having a  specific degrec:it
dehydration. The 1iapc:rsed, hydrated potassium borate
compositions  arz. it s, { i acd in US. Patent
6737387. Preferably, in this embodiment, the dispersed
hvdratp,d potassium borate is characterized by a h
ydrox yl:boron ratio (O11:13) of Iron 15 at least
1.2:1 to 2.2:1, and potassium to boron ratio ot`from
about 1:2.75 to 1:125.  The dispersed Ir drated sodium
horat+ c iipositicns are described in US. ,Patent.
6634450, PEcte3.fhly in this embodiment. tl lispcrsed
hydrated sodii<<1 hor; to is  characterized by a
hydroxyl:'boron ratio (0.11,D) of from about 0.80: to
1;60:1, and a  stadium to boron offrorn about 1:2>75
to 1:3.25 20 i., another embodiinentt the preI 1Ted 1
P gear lubricant , d li.we of his invention
CcIimrIse:s a combination of three components, which
Ala.' ( 1) hydrated alkali metal  at lea,'t one L1t1,}
dro jai b\l 11;?1 tIll3.le I;1nene It comprising a
mixture  heir ing no more than 0 wk :111 'a'r"ecar?'1
ti" _ulfJ , more than 5.5 m "t% 25 dihydro arb `1
disulffl{-. and tat least ti3 ~ t o d h.. ,,o. rby1
tetrasulfde or higher- polysull. 1,s-, and i,Om acidic
phnsphoio.s coin e ilciit c oanprising a tri
fiydrocarbyI  phospb 1(e component ::t least EEO ,_,'w
hicl.E has it}rv lorTrmla (RO P, -vOiere. P. is  Ryl
of 4 to =24 carbon ttoiris and at Toast one dib
drocarbvl dithic phosphate derivative, The preferred
alkali metal f't;rei{ cu:r1eositions where the ratio
of  30 polysulfides is careCnS`! ontrolled kit<_ +:1C
{_i !_3{_1a in U.S. Patent Application 11/121
1/122,461, filed on inlay 4, 2005, These pxJcti"ed EP
gear It hc"icant a doivcs v,,ith the combination
described above have superior load carnyiugg
properties and improved  storag agility. ~I23 WO
2007/118165 PCT/US2007/066095  5 The EP gear lubricant
additiv c\ picall i:ombin d \~ do ud,,er a autiv-; in
a gear lubrirrint additive Package. j,L s ii t} vf
other additive can be pre cat in the gear
lubi-it:ants of the preen lil'+'~T3 ion These
additives include alltiox def,k, 1'is DSit~'  index
iniprovei`, disc?t=rswi i, mist It,.iilb1;::.7rs,
foann inhibitors, co'r'us'ii iiilribitors,  



other atitivvear agen;, dcniulsitier,~, lrr~ : :la ion
1ifiors; potir point dcf'rt:ss ants and a 10 'a rh:l
of other N-v,ell-known additives. Preferred
dispersants include the ,vvell knov;ni  .iccinirtide
and etho\ylated alkvlpheno s and alcohols.
Pait:ju.anly pr,'L6 red  additional additives are the
oil-soluble succiriir ides and oil-soluble alkali or
alkaline  c .rthh mci ! ~ul mates. 15 The gear
lubricant of this invention mat: also comprise other
base As, such as for  example Group 1, Crr>au 11;
pcf-, olfeurn d c.ri o cd Croup Ill. or :;; nt.hetic
tease oils such as  pul,'al haolefinsi, est rs, ;i~c
1, lve !15, p lii~,obutenes; mart X11 yta ci The Pour
Point De. ressing ase Oil Blending Component  20 Some
embodiments of the gear Jub ical.ts of this invention
cozr pi sc Lt Pour Point  depressnig base oii Lkn,ling
'ornponerit:: The pour point depressiti base oil
blending  component is. usually prepared 1'n in tie
high boilin ; I ottoms h< ciii ii remaining in the
vacuum tower alder distilling off ilia lower boilin ,
base oil f.ractions, ft will have a 2 molecular weight
of'at least 600. It may be prepared from either a I
ischcr-`l"r 51 scli  derived botte ms or a pz~troleuin
derived bottoms. The buttoms ltydosi szonterized to
achieve ar i t, ti t i ~t- of branching in the
molecule beti>: c~:o ri?a E t and about 9
alkyl-brandies pi:r 100 carbon atoms, Follovvin
l?}cirx isoi ? ra atio the pour p6ni  tic ,;essii? '
base oi% 1', ndiil cci npouent should have a pour
point bet,veen about 30 "`. arid about usuallt, L t;.>
eeu about -1Ll'C and about 20'C, The molecular  weight
and degree f branching in the molecules are
particularly critical to the proper  practice of the
invention, 24 WO 2007/118165 PCT/US2007/066095  5 In
theczase o['Fischer- I'cop,~cll ,,,ru r de the pour
point depressiribwr;i- 1Jil blending  component i
prepared h-0111 the waxy fraction that is normally a
solid at room temperature. The waxy fraction may be
prudue d J a' ctly from the Fischer Trops h  syncrude
of it may be prepared from the oligori t_a izat on of
lower b 1l.n , I ischer- Tropseh derived olefins,
Regardless of the source of the I ischer-Tropsch wax.,
it must 



10 contain hydrocarbons boiling above about 950'F in
order to produce the bottoms used  in preparing the
pour point dep t. sire , base oil blending component,
In or;Ic;r to  irrpsove the pour point and VI, .lid
wax is hydroisonie z.ized to introduce. L .;vorahle
branching into th- r; ok-cults. The
Itydr'oisorrierized wax s rill us-i (y he sent to a
vacuum column wher{. the various distillate base oil
cuts are collected. In the case of 15 Fischer-Tropsch
derived base oil, these distillate base oil fr=actions
may be used for the  hydroisomerized Fischer Fropseh
distillate base oil. The bottoms material collected
from the vacuum L~olUtnn c inm i;es a mixture of high
boiling hycrtx arhon which are  used to prepare the
pot. r Y rtssii~,i base oil blending component In
addition to hydroisorrIerization and fractionation,
the waxy fraction t7. niv undergo various other 20
("I)t:rations, such Las, for example, hydrocrackin~,
hydtotrertin ant:' hydrofinishing.  The pour point
depres-ing base oil blending con. one nt of 111C l
re'::flu invention I-S not  ati additive in the normal
use of this term '. itlriii th art, since it is
re:ally only a high  boiling base oil fraction. 25 The
pour paint depressin base oil blending component will
have a pour point that is  at I cast >C higher t'iifi
tine pour point of the 1r dre?i`ot i :d T iscr< r
"f'.rc}psc Ii il'o'iill etc base oil. 1t 13.1s been
found that:when the h/t i' )1.>i}r"t? 7r`'.f bo oms as
l r I )ed in this disclosure is used to reduce. the
lour. p'nt c z tine blend, the pour  point of the
blend Lill be below the pour1-c,' it of both the pour
point depressing; base  30 oil blunciinig component
and th h ycJ'Ao is0ni._rizI ed distillate Fisel ea I
repeh base oil. l'lierefore, it is not. necessary to
reduce tie pour point of the bottoms to the target
pour  point, of the engine oil. .F5  WO 2007/118165
PCT/US2007/066095  5 ,Accordingly, the actual degree
of lavdrt ": ~t3tt'.il:':?i] oil ?1{';'d nn 't Lie as
high as might otherwise be expected, and the. Il
ydroiSCart-Je iZ t ~:n i i s4tu1 May be operated at
lower  seve,flt r -,vith less crackinc and less yield
loss. It has been foand that the bottor-is  should not
be over hydroisornerized or its ability to act as a
pour point depressing base  oil blending component
will be compromised. Accordi ngly, the average degree
of 



10 hr,:3<< h.ing in the molecules of the Fischer I
psch bottoms shot Id hill within the  range of from
about 5 to about 9 alkyl bra,;uclles per 100 carbon
atolls, pour point depre sirglase oil ng c ripoziclrt
derived tro a it E z.,Li t t l'r;Fll-,C,  fi eJstock
will have an average molecular weight between about
600 and about 1,100,  15 preferably bct,xeen about 700
and about 1,000 The kinematic \ i ;~JmiVY at 1000(
will. usually fall v thi.tr the range of from about 8
cSt to :al)out 22 cSt. The 10%bt: U mg  point of the
boiling r i. ; of the bottorri typics ll}' -.,ill t
ill bets(,-en about ~'()'E_ and  about 10501;'.
Genenll\^, the hi then i ,,,,iccular w night
hydrocarbons are trior  effective as lour p.,' int
depressing base oil blendin components than the lower
20 rnoIec,ular wwleag,lit iayclr-carhola.s. `I','pit,
,11y. the ilc l , 131 ~. . ei ght of the pour point
depressing, base oil Neii:lii e component vw^ill be
600 ur Igre.ater. Consecluei l.ly, higher  cut pointy
in the naetionarirnn col,imn which result in a
higherboilin:g bottoms  material art; lusuallyr
preferred preparing the pour point depr..ssing base
oil  blending GC;ri't ,I eul I'be ht-hor cut Poirt dso
"has the ad4'ant picf ducirla a 25 higher yield of the
distillate base oil fractions. It has also been found
that by solvent dewaaxing the bydroisonicrized bottoms
product  at a low temperature, generally -1CC or less,
the effectiveness of the pour point  depressing base
oil blending cclaxponent to ~lr _ r_ pranced. The
"waxy product 30 separated 1;u3"I:i of ent mvaainl`
from the bottoms has been found to display  improved
pour point depressing properties provided the
branching properties remain  within the limits of the
invention, The oily product Bred after the solvent
u?e1atioi \ 1.31(' "l,pagSome po,atrPoint iic;
ressingproper ties is less  ettecti e than the wa',
produ :i. WO 2007/118165 PCT/US2007/066095  5 In the c
asc of being petroleum-derived, the basic in :thud o
preparation is essentially the same as already
described above, Particularly preferred for preparing
a petroleum.  dtarivcd pour point depressing base oil
blending component is bright s' :,Lk containing  a
high pax content. Bright  Nick c<,>1.stitutes a
boi:oms fraction which ha, . been highly  refined and
dedNea'ed, Bright stoA' is a $ iph ais4oni y base oil
which is named for the 



10 S1 viscosity at 210'F, Typically petroleum derived
bright, stock will liw,,z a viscosity  above 180 cSt
at 40t::, prcterably abov, ? O cSt at 40C;, and rno:e
p v:. i , sll ringing  from 500 to 1,100 eSt ~:t 40"G
Bright stoJ< derived from Daging c;rudc ha.s lbeen
foam to be especially suitable for use as the pour
point depressing, base oil blending  component of the
present ins anion The bright should be
hydroisonricr:Ted and 15 may optionally be solvent
dewa\tJ Bright stock prepared solely by sot o d ocva4
ii  has been found to he much less effective as a pour
pohit depressing base oil blending  iiill~7i~nent'.
The petroleum derived pour point depressing base oil
blending component preferably  20 will have a p af1in
content o fat least about 30 more pretbrably at least
40 wt%,  and most preferably al least 50 Wt r'o The
boil in o el the pour yoint cl pressia3y  base oil
blending Got -tponent should be above about 950'F (5l0
C ). The i 0th' boilini  point should t ' grciter than
about 1050F (505C) with a i 0% point in `.t . S of
11500 {5: +1 c_ i i_ 'rrt 1 referred. v rare degree
otb-ra3:c:l In. in the molecules of 25 the putruleuirt
& -Iv. d pour point depressing base oil b enclin ~
L:c,ia portent preferanly  will fall within t ~ _.
offtom about 5 to about 9 1 l br a. tehes per 100
carbon  atoms, more pt . fer bl~ from about 6 to about
8 a 1-1 rcu _ e, per 100 carbon atom . -27 WO
2007/118165 PCT/US2007/066095  5 Specif e Analytical
Pest !ei icltf.;: Brookfield viscusiti ' ,j cre
measured by ASTM D 298344. Pour points were  measured
by ASTM 1) 5950-02.. 10 We :`_~t lies: exit Olefins:
'1 c 'Veignt p:receut Olelirts .n;ht base oils of this
invention S determined by p ton  NiMR by the following
steps, A -D: A. Prepare a solution of 5-I0% ofthe test
hydrei :rb{Hn in deuterochlorofor11..  1'S 



B. !\cq_iire a normal proton spectrum of at least 12
ppm spectral v idth and  tccw ately r ,f} rence the
chemical shift (ppiui ixis.'Fhc instrument must  j"tr
tjlhcicnt gat't range to a qunea signal `,Without t)
lcra Iar1 the recu.a i/ADC. When a 30 deaiec: pulse:
is applied, the II)SI-mment must have  20 a minimum
Signal digitP-ation dynamic range of 65,000,
Preferably the  dynamic rt,l g,; will K, 61).00O or
more, C. ~'t  sure the integr d intensities between:
0.04 . j?l it3. 4; Memo 25 22-1.:)ppm(illylic)
I.9-0.5 ppm (saturate) Using t e i oi cular weight of
the test substance determined by AS-1-N-1, D  2503,
calctilat : 30 1. l i,:_ cage ii e !car formula of the
saturated hydrocarbons  The av.-.,age molecular
formula of the olefins 3. The total integral inlensity
(-_-Sum of all integral intensities)  4. The integral
intensity per sample hydrogen (total  integral/number
of hydrogens in formula) 2 WO 2007/118165
PCT/US2007/066095  5 5. The number of olefin layclri_
i_I s (=olefin integral/ititegral pet- hydrogen) 6,
The nun-aber. of double boardi ( cdeflt3 hydrogen
times hydrogens  in olefin formuiaJ2) 7. The %Nt`/o
olefins by proton N MMR = 100 times the number of  10
double bonds timestht, number of h,>r_irc;?cns in a
Tyj)lcal olefin  taa`~le. t l divided by rho number
ofhydrogens in a tti - ical test  substance 1a ~l c
ie;. fhe a tll/o olefins by proton iv IR c it i Iami~
i pr o,nedure, F), works best when the  15 percept
olefins result is low, less than about 15 wt%. The
olefins must be  



`'conventional" olefins; i.e. a distributed mia:ture
Of those: Olefiai types llaVillg  hydrogens l'to the
double bond carbons such as. alpha, v'iny pdene, cis,
trans,  and tr substituted. `l'liese olefin types v
ill have a detectable tllyiic to olefin integral  rate
between 1 and about 2.5. When this ratio exceeds about
it indicates a higher 20 rcitentagee of in d tetra
substituted olet ias are present u I that iiiffLrent
assuarapt oils  must be made t" ca;i, uh to the nttst
ber of double bonds is { he sample. Aromatics by
HPLC-UV-. 25 The method used to trans tic low levels
Of molecules with at least one ecru tie  function .in
the lubricant base oils of this invention uses a I t .
I< tt 'aek aid 1 O5  r. uat: nary Gradient High
Performance Liquid. Cftm t.:r.};taph' (HPLQ s stmt,
coupled w oIhh HP 1050 Diode-.Array 1 tVUzi.: dkt_: u;
tor interfaced to an HP  Chem -station. Identification
of the individual aromatic classes in the highly
saturated  30 Base oils was made on tlt, of their UV
spectral pattern and their c:luton lime, The amino
column used for tlhis analysis. diftctentiates
aromatic molecules largely oil  the basis of their r
m,- number (or more c -,rr_.ctly , ortlc-bond nutnl '
r). Thus, the Ira le ring iro,f.atic 1Qt1t".1n hig
mule IJI< IUt . s]rst, .)?I{'N d by ill '. polver he
.]Ti_ ]nali s w c i er t) in rea file double bond
number per molecule For i omatics 29 WO 2007/118165
PCT/US2007/066095  5 with s'rlilar double bond
character, those with truly' alkyl ~tzl t tlitiori on
the ring elute  sooner than those with
naphthenicsubstitution. Unequivocal identification of
the various base oil aromatic hydrocarbons from their
IJN absorbance spectra was aceotnplished recognising
that their p aak elcc.tro.me 10 transitions were all
red-shifted relate' e to the pine model compound
analogs to a  degree dependent on the aanmirit
(,)l'alkvl and naph(L.- substitution on the ring
systei-P. These bathochromic 1af"s atell  nown to be
caused by alkyl-roup  dclocaali7atiorn of the
neketron)s n the aa~?iaad 1 : ring. S lno2 t ".',
unsubstit -atco  aromatic l;l?3111, ?alit boil in the
lubricant some degree of red-s.hif was 15 expected and
ohs ri ed for all of the pi eipl. aromatic groups
idciit T!e;l,  



Qt . ntitation of the eluting acorn t c compounds was
made by integrating  chromatograms, made: from Aw
`-elen the optimized for each general class of
compounds over the appropriate retention time window
for that aromatic. Retention time 'din dowlimits for
eecl' aromatic i l a s t ere determined by manually
evaluating 20 the itt,l,vi 1tuaI ab.saati all~~- s ,.
:ra Ofelaa.boi. _ cral# Fact r at different t' i _j
assignin them to the appropriate.aromatic clan based
ran their qualitat,'ve similaiits  to model compound
absorj tion spectra- With few exceptions, only five
elassc, of  aromatic couip oi,aads were observed in
highly saturated AN Group II and 1,11 lubricant  1 `;
se oils. 25 HPL.t -UV Calibration. HPI. -UV is used
for identifying these classcsof iaromatic compounds
even at per  lay, Multi-ring raroanatics typically ab
sorh 10 to 200 tunes a core strongly than  30 jai..
air.; aromatics,\.lkt 1-substitution also a f rLLeied
absorption by ahotat " ,"t;: The~c..to re, it is
important to use HPLCto separate and identify the
various species of  aromatics and know how efficiently
they .absorb. t WO 2007/118165 PCT/US2007/066095  5
Five classes of iroma.tic compounds were identified-
With tli .N ccpiion of a small overlap beiwek n 1 e
roost highly retained alkyl-I -ring rrt;rnat c
nnaphthenes and the  least highly re=tained
al'.kylnaphthalenes; all of the aromatic compound
classes were  baseline resoled. Integration limits for
the co-eluting 1-ring and 2-ring aromatics at  272nm
were made by the perpendicular drop method, Wavelength
dependent response 10 fh ot's for each gerneral
aro.ritwiti . c kiss were first detel"rt med by
construct i-1, Bec,Y,S  I ,}<<. blots from pure model
coat c,, nd mnzixtures based on ihu nc irest cp.. _
rid peak  ibi cirbarnees to the substituted aromatic
analogs. For nxcmmpl .. alkyl-cyclohexyibenzene
molecules in base oils exhibit a di:s inct peak  15
absorban(e at 272nrn that corresponds to the same
(forbidden) transition that  unsubstituted tetral in
model compounds do at 268nm: The conceritiauonn of
alkyl-l- ring. aromatic rtapht'henes in base oil
samples was calculated by assuming that its  



molar absorptivity r poi) ;e factoi at 2''L" nirn was
approximately equal to to raalina's  molar
absorptivity at l 'r-n-., calculated from Beer's law
plot. Weight percent 20 co nc:e.ntratioas of aromatics
"wete c:dculated by assuming that the ai le t .i'. ina
ecitlaY  tar each aromatic class approximately equal
to the avers e ;1i_ic'::ill ?  weight for the whole
tease oil sample. This tail hi t{If_1ri rnethud was
further improved b isolating, the I-viii; +i
o]_miiicti  25 directly lnoni the lubricant base oils
vita exhaustive HL(eh i ; itc ~~Inhy<,  Cald,,r,iting
directly with these aroI,hiss eliminated the z-ti :i
)?Li.t:]S; ,A-Il d'unccit2 with the model cornrl }" d
. As expected, the isolated aromatic sample hLid  i
ltn ,~`c:r response factor than the moucl compound
because it was more highly  substituted. 30 Nlc~re
specifically, to accurately calibrate the l:[PLC:-LJV
me, hod, the substituted  benzene a rif:~:,i. s were
separated from the bulk of the lubnic~int base oil
using a  Waters seinl-preparative 1l:PLC unit. 10
grams of sam lc ". ; dilated 1:1 in n-hexane  and
injected onto an amino-bonded silica colanttin, a 5cm
x 22.4rnnm ID l Ltatrcl.. -31 : WO 2007/118165
PCT/US2007/066095  5 taillowci1 r-y two 25cni \ ' uun
11) columns of 8- 12 micron amino bonded silica
particles, manufactured byRairii instmments,
Emeryville, California, with n-hex me  as the mobile
phase at a flow rate of 18nt]s/'niin. Column eluent
was fractionated based  on the detector response from
a dual wavelength LTV detector set a 265nm and  295nm.
Saturate fractions were collected Until the 265nni
absorbance showed a 10 change. of 0.01 al sorb<titce:
,' ,ts, viiie}i signaled the onset c f smgi rind;
aromatic  elation. A single ring .rot.,.atic fraction
was collected until the absurtiani;c ratio  between
265mn and 29 o i< d e c:<?s c. to 2.0, indicating the
onset of tWO ring aromati  Joticn, Purification and
separation of the smgite i:n in miitit traction was od
: by  ra-chroma tographing the monoaromaiic faction
Irt Fit the "tai ling" saturates 15 traction which
resulted from overloading, the UPI. L c:,~luain. 



This nurified aromatic ` staridarc" ;,hov cd that
alkyl st?b. tir --ion decreased the molar
ahsor-ptivityrespons. -factor by about 20% relative to
Ur sul,stitued tetralin. 20 tA:onfihmation of
Aroinatics by MR The weight percent of all molecules
with at least one aromatic Function in the purified
rmiorio-aroiimatic standard was confirmed via
long-duratiwi a:~.c on. 13 l` MR analysis.  NMR w. as
easier to calibrate than HPLC UV because it uin a lucd
aromatic 25 carbon so the rmpume did not depend on the
class of arwu a'u. ncin analyzed the  NMI:. "icsu s
`dc.,e t aiulatod from p rcent aromatic carbo: t o
pcrceat aromatic  molecules (to he consistent US,
HPLC1`V and :l) 2007) by know in that 95-99% of  the
aroii~irtics in highly satuiakd lubricant base ails
were single-rii g arornatics. Ifigla l , r long durati
n, and good baselin an l si` were needed to ac r 3
?,tely  30 measure ar oiriatics down to,,'--,1.2%
aromatic m . ` _he raoic specifically, to accur t y
measure o4 levels of all molecule.. Moth at least one
aromatic function by NM R, the st n lord D 5292-99
awthod was nu di Pied to Ova a  minimum carbon
sensitivity of 500 ;1 (byASThNI standard practice _
`3~ j. X15-hour WO 2007/118165 PCT/US2007/066095  5
duration run on a X100-5001" MHz NN1R writh a 10- 12
mm Naf or9r r,-r,he was used.. Acorn PC integration
sots ware was used to defuse the shape of the baseline
and  consistently integrate. The carrier fr:sguency
was changed once during t1i . min to avoid  artifacts
from i izriagincg the aliphatic )oak into the aromatic
res, ion. By tek n', spu tra on either side of the
carrier spectra, the resulttion was itripro red sigr
iticaml  10 Molecular Composition by DIMS The li:al~i
icy r _ ba'e oils of this in-v ration were charai.
urired by Field loni7:ition Kiss  Spectroscopy (IrIMS)
into lkaties acid niolecutes with differ .iit
aaun'bers of  unsaturations, The i isri'ibrtiot. of
the molecuies in the oil fractions was deterrrii:ried
by 15 F1I 1.S. The samples w crc introd iced via solid
probe, preferably by placing a small  amount (about 0
.1 ni .i of the, base oil to be tested in a glass
capillary tube. The eapill iry t . i was placed at the
tip of a solids probe he a mass spectroi icter, and
the  probe s l c ~t :: from about 40 to 50'C up to 500
or600'C at a rate between 50CC:  



and 100C per mite in a Yrass sfic (rc; iGter operating
at .about 10- Corr. '1"he iii:iss 20 speui ometer %v..
-,conned from iii 40 to n>_: r 1000 at a rate of 5
seconds p+-t. ;to ide_.  The mass spFec omeler used
was a li<lieroni{iss'II isle- t-1=li ht. Response f 4
g A:_"; for  all con pound types were assumed to be
1.C, such th :t -,-wrightpercent was determined  from
area percent. The acquired mass spectra were summed to
g aerate one averaged" spectrum. 25 The lubr, _ itit
base oils ofthis iiiv ration wtier clt r cteriaecl by
FIMS i.nte all ..:., and  molecule ith ditirrent
numbers of unS i rali ? The molecules wiih i._1iffb>
'ill  3tin.bers of ii7a ;9i1i4'3ticns tnay l'1c
eoniprj c of y 'icra.ra:fiiiis; oh:Jl s, cilia an or
atic . if aronmt... it e present in sigaifi,,earit'4
in the lubricant base oil they would  30 be iii ' 11 1
c anal iS ,, 1_111 When oICfIns w> ..re present in
significf rat amoourrts in the lubrica:it base oil
they would be identified in the Fll-IS  analysis a,
1-unsaturations. The total of the 1-unsatitrations.
~cn.eeiratio is, 3 unsaJufetiwis, 4--unsaturitions,
5-unsaturatioirs, and 6-unsaturattoes fro the l iMS
analysis, minus the weight percent olefins by proton
NMR, and minus the weight  f WO 2007/118165
PCT/US2007/066095  5 percent arornatic.s by IIPLC-UV
is 1-he total weight percent of rnolecules with
cyclonaraffinit functionality in the 1.1brit;ant base
oils of ii3:s invention. Note that if  the aromatics
contcrot.was not measured, it was assumed to be less
[Ilan 0, i w t% and not included in the e.le.ulaton
for total ~r eight percent of molecules with
cycioparaflinic functionality=. 1'0 Molecules with
cyclopar+ ffim-lc, ';?-ric;1+.}nality mean any
rr-oleckil ; that is, or contains as  one or more s
thstilmrits, a monucwclic o a fused .nrulticvclie
saturated hydrocarbon  i~rtilT c hr c'y d pai-~:tu nic
group may be optionally substituted with oiic or more
substituents, Rcrresentativc examples mclticl,,, but
art not limited to-, cy,~I propyrl, 15 clobuts I,
cyrclnpentyl, c =clohexvl, cyclobeptyl, decahydronaphi
aleutc, 



t ctahyiropentales e, (pen _}d~c n 6-,1)cycio} exane.,
3 7,I0-t.icyc1oiie :~ lpcntadccane,  dt
allydro_1-(pentadecan-C-, l )ruiplitlhalene, and the.
like, Molecules with monocy:cloparaf#.nic l't3rl<t _,l
iity r"an any molecule that is a  20 monocyclie
saturat d,I I) drocarbon group of three to ;e erg ring
carbons or any idle :nk that is substnut.ed with a
singlemonocyclic saturated hydrocarbon group of  three
to seven ring c rboa4. The c clopariftiilit roulatrt
optionally substituted  with one or.nntoic tlo
titrre.) ts. Representative examples inc.lvl lc: bnr
are nc t limited to,  evclopiopyl, c:,yc;lo5tityl,
cycl<opent 1 c,, cIolie yl, oyc.loheptyl- Epcntadeca
O-yl.l 25 cy lohexane, and th like. ,Nlolec u1c . ,i
ith IIIUItIC y Aoparat ii is functional i ty mean any
i olecule that is a f is d  nmJt1e LhC \alu it d 17
'~li carbon ring group of ssu or more fused rings aIn
molecule theft is substittitedvwith one or more fused
multicvchic sa ;irated li:fdroea i t ii  30 ring
droops oftEw1o or more. fused rings, or ally l.rolecul
ti ,si. substituted with mot  than one monocyclic
saturated hydrocarbon group of three to seven ring
carbons, The lmdtic)(,  .t , ,l:etl kidl ot_ Arbon
ring group preferably is of is +o f)tl-;cd rings
'l'ire c _;clntstt~aft~3 =.; ~+rt s p nurty >hc
optionally substituted with one or mor substl cents,
Repress nutctive exa,.raples include, but are not
limited to,  34 WO 2007/118165 PCT/US2007/066095  5
decahytirorapllthaale ne, ui tahvcli al? ..tt ~ls ' c,
i.1,1 Ci :rig e1E l e ; ll~ nt c uca 4 ,
decahvdrea-1-(pelttadecai-6,-yi) na piitl.~,Iene, and
the like.  \MR Branching Properties: 10 The branching
properties of the base oils of the present invention
was a c e r_mn d by.  a sanl.ple CC oil using
carbon-13 ("C) ,IR according to the following ten-
step process- R.fcrence~, cited in the description of
thprocess pro ide details of the  process steps. Steps
1 and Z. are performed only o n the initial inatcrn
il, from a new  process. 15 1 I lentif* the CH branch
center find the Cl-I3 , branch: teniiii ationpoints
using  the DEPT 1'tilse sequence (r to ld=rel;l, lt.
l'_;D. T. Pegg; M.R. Bc ndall.  



Journal .of Magnetic Resonance 1952, * ;1' off`.). 20
2) Verify' the absence of carbons initiating multiplo
br:uic1ies (qudrernary ec"3- {, the 1~.1 >'E'~1~i3' i;
. Se~lt1t:r3Ci. iLlilt L. J, N. Shocilei'y, Journal
l`~r15) using e,~~. of Magnetic Resonance 19S'21, 46,
5 a5lt:). the various branch carbon resonances tip
spcc : iic branch positions  25 and lengths using
tabulated and 1-values (Lindeman, L. P., Journal  of
ual tatf L A,-ialyticai Cer, isirti 4 , 1971 1245ft,
NIetzel, DA, et.al.,  Fuel, 60, 81. 3 07f `). WO
2007/118165 PCT/US2007/066095  5 Examples: Branch
NMRChemical Slhli: (gem)  2-methyl 22:7  3-Methyl l93
or 1 L4 1-nietthyl 14:3  10 44-methyl 19.8  Intenial
ethyl 101,8  Internal propyl 14,5 or 20.5  Adjacent
methyls 163 15 4) Estimate relative branching deris;
itt> at dilkru'tnt ctrrbon p z ations by  comparing
the integrated intensity of the specific c -hcn of
t_heinet el,ti;l-l  group to the inter -y o i single
carboii { wlatch l': cqUal to total  integral/number
of carbons per nmolecule in the unixtijle), For the
unique  case of the 2-methyl branch, where both the
terminal and lie branch methyl 20 occur at the same
resonance. position, the intensity was divided by, two
before estimating the brrancWhin lrsrrsitS . If the
4-methyl branch fl action is  calculated and
tabulated. its contri'but urtt to the 4-+methyls must.
be  subtracted. to avoid double counting. 25 5)
Calculate the a- verage carbon number.. The average
carbon number may be  



determine d ~i it1 trl: i rtt ac racy for lubricant ,n
ic f ials by dividing the  r diecttlar weight of t e
sample by 14 (thee formula t~ ` to ui  13 1. 6) The
number of branches per molecule Is the sum Of the
broone' ies fbrand in  30 step4. 7) The numb :r of
alkyl branches per 100 carbon o toms is calculated
from the  Z' u,i-: cr of brenches permolr crtle (step
6) time l00 average 'cirhonn ixtliil'i' Cr. WO
2007/118165 PCT/US2007/066095  5 8) '~tir3kal r
trilirtr<=.iri~i;_ : (131) The BI is estimated b y 11
MR Analysis and presented as pci went ge o.f`methyl
hydrrogen (chemical shift range 0,C-1.0? ppm)  among
total hydrogen as estimated by NMR in the liquid
liytlro~.tibon  composition. 10 9) Estimate Branching
unity { P j. `l`b. 131' is stirs at d by ~ C ^~\l ~
and  presented as .purecrrtage Of recurring rncthylcne
carbons vv'hilii a r.,.: i; or or mole  carbons away
fw' i the erid group or a branch (represer,led by a N
MR: signal at  29.9 ppm) arnong total carbons as
estimated by NMR in the liquid hydrocarbon  Cvllipc
siticrta. 15 10) Calculate the Free Carbon Index (M).
The P'C1 is expressed z nits of carbons.  Counting the
te: m nal methyl or branch. carbon as "one" the
'-ii-bons;,in theFCI  are the fifth or gr- -ater
carbons from either .i straight chain to m liual
meth-vi or  from a branch niethine carbon, `t`hese
carbon appear p'prn anct 20 : 9 9 pprrr itr the carbo
r-13 spectrum. They .ii L,eastrred as Ftill+,v<;: a.
calculate the average carbo-r number of the molecules
in the, sample as in  2.5 h divide the total carbon-1
3 integral area (chart divisions or area counts) by
tl`c average carbon number from step a. to obtain the
integral area per ci 'i oa In the sample, c, rr
c._siue thL .r a hett\v n ;79.9 ppm and 29.61 ppm In
the sazr: pie- mm  



30 d. divide by the integral area per carbon from step
b. to obtain FCI  (PP1062306A1). 3 Y. WO 2007/118165
PCT/US2007/066095  5 ,Ieastrrements can be p'-,r -rned
rasing any Fourier Transform NNI ~ pe-c~rorneter.
Prefer ty, the measurements are performed rasing a
spectrometer having ; magnet of  /.0 T or greater. In
all cases, after verifica ion h,d Mass Spectronietr'"
UV or an N R  sur re'that aromatic carbons were
absent, the spectral width for the '.'C NMR studies
,.A, rs limited to the sat?rratr-ri carbon region,
about 0-80 pprmm vs. T MS 10 iletr.rriieta~Isii ,: d
l,, d6o rs of 5-50 percent by weight it chlooro c ?ri.
-dl were  exciterl b' _;O' t ul- s ': H--wed by a 13
sec acquisition ti,n . n r>ru r o minimize
non-unidorrn iritensrtr data, the broadband prow ii
"'n verso-gated was used  duringa 6 second delay,
prior to the excitation pulse and on during acct
Sanple. Jlao :_i, ped with 0.0-33 to 0.05 M r(ac i tl
:. YC * 1 t~.:s lidtt7` 15 chrornirrm(111)) as a
relaxation agent to ensure ;l:?ill inters .rhea are
obser, ed..Total  expeiiraent times ratngecl from 4 to
8 hours. The I11 NMR analysis were "Aso i-larl it-'d
out iIsing a Sped tr"--s . er h vnig a n;aCgtriet Cat
7.0 T or greater. Free indu:'t:c)u decay of  64
CJuveraged trard':- nts were acquired, tlr plw,rug a
90 excitation puts -'., 1 relaxation  decay of 4
seconds, of L2 seconds: 20 The DEPT and APT sequences
were carried out according to literature Cl t r'ipt
uns  vitl~ zl a.rc?r 1:= . l;tti iii dc ,~::rihcd in
the Varian car 13rli r ou r tiny r tt ~;il ; DEPT  DL;
t.or dtrt:css i- lti-,d nc. mein by, Pi l rriz tion
`I'r~lrsae:. The DEPT 45 sedate:1. ; 4:111  si{,irnal
li c.d bndls bonded. to protons. DEPT 90 s,ro i"..q
carbons only. Df~f'T' 135 25 show r CH and C11, tip
and CI-I 1$0" out of "liaise ,dn,l :r ?. APT is
Attached Proton i (~ t. It .all ivs ad c'irhons to h::
scarf, ha ii' ('A ~i.xl ('.s` a ice up, th.en
quaternaries and  1<_' - '--11 The sequences :r'
i.sC:'`J ill ?.:i'. C 1 I }' bi-ane l 117 i tV'I Houl
l hav a corresponding CB. And the rneilbr',l group
at'e ii"-r f: identified by id >>ic:a:l shifl:and  



phase. Both are described in tl, r 1:: 13ccs 64c,", 30
The branclring properties of each sample were
deternaned by "C N zR rising th( }_trr ptinn in the
calculations that the entire sat;'p!.',v. s
:sty-l~araflini . 'C`ir cis rli  melt:.:i,".l r-l le
I-or 11-paraff ,as or naphthR nes, v l-,... Wray have
been present i:1 rl'ie oil WO 2007/118165
PCT/US2007/066095  5 Samples in vaaiyir:g amounts. The
iiaplhthenes content may be measured using Field  lost
`z,~ti:,,,rt Mass Spectroscopy (HMS) "Alkyl" means a
linear saturated mono alms hydrocarbon radical of one
to six carbon  a:o: rs or a branched a.rurated
monovalent hydrocarbon radical of 3 to 8 carbon
atoms.,.  10 Pr; rerahly, the nll; . brans i1.s -ire
methyl. Examples of alkyl branches include, but are
not limited to, fir,: cps such m :tlrv1, ethyl r'-prop
y l; isopropyl, rr-butyl, isol r:t 1, s uf.  t utvL. t
butyl, ri-pentvl, and the like. I NAPLES  15 the
following examples ,are MAuded to further clarify the
invention but are not to be  .oristrued as Iin-ii
tatiorts on the scope of the in\eotio is 20 A
hyldrotreated cobalt based Fischer-Trops. h wax had
the following properties- Table I - -------- - -
--------- Propert -- - -- - ------------- Nitrogen,
ppm <02 S tl l t O r r -Till <6 n par's t in b GE. ,
76 01 25 <' base oil. FT-7.3, aas mrta l l -om h l .
clrt resr ccl cobalt based Fischer-Troais h NT,,- rx
by bs`drorsoineruzatif.`n dc'aa.Aing,.l .4.
t?lft,islun'  l% Gtrf}slating, acrd blending to a stty
tar+get. The base oil had the properties as shown in
Table 11.  



39 WO 2007/118165 PCT/US2007/066095  5 Table 11 ---
Sample Ptopend s FT-7.3  r i ;:;osliy, at 1000C, eS
7.1336  .osity Index 165  ~ 7.1 '~P Pour 1 ci' C 20
AST %M D 635 SI I1 1ST wt%1. "Ii 742 5 777/958  10/30
906  50 950/995 70/90 1011  95 1- ding 0.42312  2-Ring
4.00446  3-Ring 0.00028 01.00001  Total Wt % ^ i
n_aiics 0.002819 't% Ol in is 4 45 ''.  FJ.MS, Wt%
,Mkanes 72.8  I-Unsatui itious 27.2  2- to 6- Uns
tiima ons 0,0 ott 1 104,4  'Dotal LSt`~io 1 ole ales w
ritl 



cycuoparaffnnr- Func9.i: nality -- - ---------- -
--------------------- Ratio of ltlc.~ v. lc,l,
sr~t'titts to >100 l lttlticv'elc p , ifiiiis E
Oxidator BN, hours 2 4, (1S - --------- - - - -
---------- -- - ----- - 13 WO 2007/118165
PCT/US2007/066095  ------- ------ Saml le Properties 1
T-7.  ---------- X in the e uaatio is VI : 28 x 1 tl ?
L ii ( I S I OO) +X ----- ------ Traction Coefficient
al 15 LSt <0 ,021  a Example 2: Three blends of gear
lubricant using the FT-7.3 -v.-ere blended: with gear
lubricant EP  antiwe .tr additive packages. The gear
lubri,! I `<tdd k: s e. packages comprised sulfur 10
phosphorus (SIP) and a stable dispersion c F
itydraated alkali metal borate EP additives;  combined
with (c)Ter additives. The additsvcs used in GEARA and
GEARB were he  same as those used is commercial
production ol.`t hevron DJ of Gear Lubricants The
nddltivcs used. in i /EAR' were the same as those used
in conmiercini  prodatctic,n of Chevron Delo t, Trans
Fluid ESI(r), Delo (r)1 an d ESITO aare r _ istered
15 trademarks of Che `roozr C:orparatio a. The
formulations of these three gear lubrica lt  Ni ends,
CC rL sammarized in Table 111. 't'able III --- ---- t
a7s?c rrc.nt, 1st 1 GLkk'\ (xl Ai l3 i F C Sr'? z
Borate [P Additive l 6.50 6 50 4.8  



...............  49.1 _: 11.6 10.35  ---------- --
----- ------- Gtt> Bright Stock 150 1 r  1"M 'Pour
Point Depressant 0.40 0.30 0.80  - - -- - - - -
-------- 0 Coi i _ i4, r It I ibatc~t 0,08 0.01 0.60
!I .l li i:3h) i Agent. {I.02 (,02 0.01 t Is e:r
arat'13 ter ent t .00 0.24 0.00  Axatao\Id"Int 0,00
0,00 0 5  Ou 1-1.111 -41 WO 2007/118165
PCT/US2007/066095  --------~ Component, W,'Vt" Cs.`~RA
GEARS 'G EA I.  Total of gear Iuhric.sant havisng:
49.75 11.61 40,35  <0.06 ai a c aro atics, > 20 wt%
total r:olo , Eli with cyclopa.ndf me f uzctionalitNy,
and a ratio of molecules  vv>ith f os
ocvuloparaflitsic ftmctionali  fo molecules w iith
multi ,rf loparaflinic  t ursctioualitv - 12. 5 Citgo
Bright Stock 1.50 is a petroleum derived C roup I
bright stock produced by  solvent dowaxing. The
properties of these three oiiil .rent -I:ar
lulsricar:t Mends ,:ss shown in Table. IV  10 



Table IV Properties G1- \PA t 1" \RH UE:ARC  -- - ---
----------- - ----------- - ---- - - - - - ----------
.  SAE Viscosity Grade 90\ 90 5\ 1' 0 80W_90 . - -
--------------------- 4 ssca sii at 0-t3 `C cS -- ----
-- - --- ------ ------- 1 wokheld Viscosity, z; 2 `C;;
1750 3 iEY50  Brookfield Viscosity, 0, . Z'C Foam Sect
1 0110 0/0 0/0  Seo1 TI 0 /0 0/0 10/0  SectIII 'j 0./
00 l'0  Cu Strip 0 orrosion@ 100'C for ; l lours 2A 1s
L (. Stability Rli iu` atic:3 0 `,'ceks at Room T ns
~: ~ t ic Liq/Sedi lent 110 2/0 2/0 {  - Stora c
Stahility alier 20 Wee1 s. at 66CC, Liquid/Sediment .
'2 2/.0 -42 WO 2007/118165 PCT/US2007/066095  1'l
}C}UrtiL GEAR-A, JOL,ARL 3C: -12 -26  Brookfield t~
alic 21 act 1408 2498  C brit? - _:.._:..-- 613 Nx e ,
U, .3 1419.9 383,3  GE AR A and CEARB pare excellent
gear lubricants for all r -f-automotive and  



industrial bearings and gears . 'I'hevare suitable for
Iota-cot' cif limited slip different al s..  They meet
the requirements for the 750 Oe11-milt; _ tended
w4irraziit i~t r~ara7 ira IJ ria Spiker axles. GEARA
also meets the teq,~iirements l.or extended service in
10 Meritor axles for 500,000 mile rail d?~ vos: C,
r_.\ RC is ideall ysuited 1or ho lvy JOi ,  manual
transntission;'s,. C#1 ' IZC meets the requirements
for I t toiYs 7_50,000-mile  extended r;'tin tnt\
program b r transmission ll~r"i C1:AR A, GEARB, and
GEAR -C are examples of the gear lhtbricants(if this
invention  15 with very 1oFx; Brookfield viscosities
relatio. c! to I inetnatic v1scositics, All throe of
diem ha\ c :i Pmokficid Ratio (ratio of tiro" t ii t,
isi_V,.lt v at r3 in C, divided by the  kinernatic
-viscosity at IOO C;) less than or equal to an aiaount
d .fisted by the equation.:  Brookfield Ratio = 613
Zt^r) f}" kjZi. Their low ratios ,%'eic soi )i Sii:
con i d : n that  they contained sig?.nific::nt
amounts of Citgo Bright Stock 150 and n o i co ny
index 20 improver. Additionally all three otthese oils
showed good storagc t .r ilit;Y; lov  foaniiil, and
pod copper stn np con-osion results, Surprisln l\ no s
coat index  imps-over as used 3ni an4` of ti (tiU:
e.<, F_1p1c4 _ .tl \RA and CIFARC both Iwo ..~c e tlI
ioo 1 `,i." , bas, all, based otn the --eight  25 of
the total gear lubricant, having di.- ,f7;?t' Sc ire
17 t:[ Eli ri C'S of: a) l s; I':zitf 0-06 v t%
armnatics, b) greatei than 20 t~Yo total r tok ules
{di Li ctnpar:atf nic 1-uniction ality, 1'1]1C]  c.ili
6 a ratio of rnol rule` with monor F tral fi me
functionality to molecules nsulucscloparaffinie
functionality grei'atcr E!Fwn 11  - 43  WO 2007/118165
PCT/US2007/066095  5 These examples would have had
even better properties if they had been blended with a
base oil having less than 0 .5 v t% olefins; and with
ti bright stock teat is also <1 pour  point teducmg
blending component. Example 3),  10 Three comparative
iolends were blade using convemional Group 11 base
oils, using the  



salfle gent' lulbricam t i:l.itit e, packages as the
Lit i;d d sscribcd in P:xai 7pk ?. 'I he  formulations
of these Comparison blends are sum af..s.. d in Table
V. 15 fable V Component, \Vt% Comp. Comp. C tip.
CiFARD G EARE ~Y fte' S, FI~ Grade 8O\t'--90 85W-1,40
80\V--90  SIP & Borate PP Additive 6.50 6.50 4.80
1.,17 em i7 lli 0l:\. - --------------- I IS 16.74
7..~ 1 Gitgo Bright Stock ISO 1m.8' 76.16 17.93  PNIA
ID 0.40 0.30 0.80  C of )sinn Inhibitor 0.08 0.04 0.60
E...__ ------ - - Tltilo m Agent 0 02 0,02 0.01  - -
------------- Uis rsallt/ etelt ent 0:00 0.24 0.00
Antioxidant 0.00 0.00 0.15  -- ... ............--
Total 100.00 100-00 100.00  `total WW ci.~lit
percentof gear lubricant 0 0 0  ha-ving: ,~,.06 wt%
aromnatis:s - 2'01 t% total molecules With
cyclupfu.atiInic t1F1C'1iou l!t a[nc i i3'tio of r7t)
'.'+ tiles E  41h lI!llill.J)C!C `c Ia ti ;C.
t11tnC-tiofl ,lily to molecules with
mti!.icyclooparnffinic  f Lf i-li: d o ll tv 12. 3  44



WO 2007/118165 PCT/US2007/066095  5 Note that Citgo
Bri ht Stock 150 is a Croup I hale: nil ha ing greater
than 25,w1%  aromatics and a VI less than 100. I lic
properties of thi e three ditf ;rent comparative gear
blend: are Shown 111  10 Table VI. '.fable VI
Properties Comp. Comp. Coraap.  GEARD tiE P GEARF'.
SAE Grade 8OW-90 1~'YV_ SOW-90  14 0  Viscosity at
100C.CSt 14.23 2492 14._1  15 t ukii i Viscos tl,, ip,
5Itu l 00  13,t<<ii Fie]d'1 is osit `, iP ;7.'s 0 (Z,-
L I't3~;2"i4  Secl t 010 0/0 0/0  Set? 11 t0/0 0/0
35/0 7 h Set III 0: 0 0/0 0/0  - ------------ Cu Strip
Corrosiontii O ()'C for 3 Hours 1B 2C 1B  -, - -
Storage: tahi0it; R,ainz7 after `0 1, eeks at Room er
i.' i ~1r~, I tll,~tdzaiaenz. 2/6 2/0 2/0  St talal t
a, e 20 Weeks at 66C, I iquid/Sediment 21/2 4/i  



1- -26  11  I3,ccktield Ratio 4575 1425 4  - - -
---------- -  ~13~et ri. 379 3' ~-il9.9 }'~' w t  - -
------- - - ------- --- - --- WO 2007/118165
PCT/US2007/066095  5 These comparative blends made
using drftc.,nt base oils chid not have the desired
low  Brookfield viscosity relatic' to the kinematic
viscosity or t'-1e. gear lubricants of this  iwentioo.
All of ther, h -d BT ookfield Ratio (ratio of
Brookfield Viscosity at ,in  degree C. di ?idc `i by
11 w F riemati viscosity at 1 00T) greater thair an
amount defined 10 by the e Lt ti z rir _ ck i ~id
Ratio - 613 ct-a is x None of them container liI 'cif
the  preferred base with, ttl, less than 0.06
'at%aromatic,s, b) greater than .U total  molecules
With cycloparaffirtic functionality ant c) a 'atin Of
11101COVICS Will) moll OCVcloparaf#inic functionality
to molecules with mult.icyclopara#'_ixic.
Iurnctiorialtty greater than 12. 15 l xample 4: Five
base oils, FT-4.l F1-4 3, F"1-7,9, FT-3,0 and FT-16,
were made from the same  FT wax described in Example].
The processes used to make the base oils ~,vere 20 a
droisomeri?;ttion dewax ri h ii.:pfinishing;
fractionating, and blendin ~ to a  visuosity target.
II17-16 as a vacuum distillation bottoms product 11,x
i iinisl}it3 was  doiie to a grezw:r extent with these
base oils such that the oletiil` were effectively i
imleinated. A , ,,, th base oil, F'1'-24, was made
from a hy(I-otrcaied Co--based FT wax  lk ina less
than 0 .'i par nitrogen, less; lhaii b ppm :;1,ilftir
i t i a tal% of nl-paraftrt by  25 CC of 76.01,'l'llc
FT-24 base oil was ni ide by lr dri i c~i Ttiri; tt!on
cIewaxing, hvdio+unshm t _'i' aatloll.iting and
selection of.r! ltd <,' I)t?tt:!:m pra1LIL.1 havwng:3 



kinematic ' iscosit~ at 1 OO C greater than ';:i c:St
pro. a Tlii boiling point greater  10001'. The six
different base oils had the properties as shown[ In
Table VII.  46 WO 2007/118165 PCT/US2007/066095  Ct'
try ~, ~~4 C7  C - -------------- -  CIO  G', 3 " Cl%
t"i  P^ G_n C'  ^"' t f I-D  t e  ,  - ----- - ------
--------- rn t ~ ~ E  ~ E t 0 1  00 - ON C> It  Ln v)
s E _C t ---- - ,r --~ i -_----- t f n t E? t? d  t rl
p 



l 1 < -- - ---------- - ----- WO 2007/118165
PCT/US2007/066095  1-6 IZI  rf) c f - ~: : Cr3  4 1 r
C? i o[ t i ~r $` CU N N 1 j 3 ~1 f t}    C'; m ca r r
`^ C' r'v.. tn,? t'n. "'Kl --u :.may k    $ ('Aj r  t
i! 2 $  ---- -------- $k  ---.. 49 $$ -- -------~--
^E"  91 r C J t1  Orl u 7y > WO 2007/118165
PCT/US2007/066095 --------- ---- - - ---------- -  i C
1 3 f f r*s  rte, pry  f_.F 



R 7 e  r 7 ~F V IZ t--.':.  -------------------- - - -
- -------- 00  CIO I.g3  Fri ~ Gad  is WO 2007/118165
PCT/US2007/066095  5 11-4 .1,1'1 4;3, 1;T-16, and
FT-24 are htisc i1 having: a} L ,,s f.lian (.(36 ,
vtv;a arotaaatics, b) greater then 20 11t% total
i31ukc-ules with e\'cloparaffitiic lfiiietion<ahit\`,
and c) a ratio of molecules with nonocycF. par
l.flinic functionality is molecules with
nai.ilticycloparaflinic functionality greater th,- 1.,
FT-7,9 and 1'1 lth }r1gli having  l7i th \'T :lz]C
total 4~eltght percent lnol ule with cly lorarallinic
funl;tiaraality, did not 10 a !,;oo ni,i olectiles
witl7Iai~al]vc lutaraftariic funciicn City to
molecules vNdth Canctionalit greater than 12. FT-lei
and FT-2114 are also pour  point t. ss t~ base oil
blending componc,nls prepared from aza isnon-icriz d
Fischer- s .clt Tropsch derived bottoms product, FT-4.
1, 1'T-4:3 and FT-7.9 1<<j{I pc)ur points that the
ratio of larlurpoint, in .deg ees C. to the at 100'C,
i:ri cSi,  15 was greater than. a Bast Oil Pour
Factor, where the 13-i.lc Uil Pour Factor is Actin d
by  the ci uation 13ase Oil Poi r Factor = i'.3a x I
n{Kinematic Viscosity at 100C ) -18  All cal these:
base oil liactiuns aL h d traction. Coefficients lecss
than 0.02" when  r-ncasi.tred at 15 c',t and at a :
Belt- to i 11 :itio of 40 percent,. Sirrpris.iuivdh
th, F 1--7.9,  FT-16 and FT-24 base oil: had traction
t oelfkicints less than 0 017, FT-24 had an 20
1}ecaall ' low traction voeil i.ci(~m of less than
6.011. The lubricant base oils havi:ig it  IrD,C-tion
Coefficient less than 0.0 1 are examples of tails that
Would beesl.xcl-t:  



useful in gear lubricants to save (., L I x mples of
oar lubricants where sitii.tai ii am  e lei ' savings
old I e aebic\'eel .ii lit avv duty (ear lubricants,
[P gcax hdcrlc tllt:-~  and to )rm4ea lubrdants. 25
l:x ,_ni; le Six blends of SAE-7 5W-90 ecai l i at
were blended with different combinations oof  the
base. oils described in E .ample 4. The .formulations
of these six gear lubricants are  30 surnmarizaci ii
Table Vll> -50 WO 2007/118165 PCT/US2007/066095  5
Table Vi t' tT~j?uriz:Iit''tvo GLARG (jL.ARH CY1 R
GFARK (LAz I:. GEAR a j i'vl -- :SAF, cil-Iie 75W-90
75W-90 75W-90 75-IN-90, 75W-90 75W-91)  t n Lubricant
50.0 5O.U 50.0 50.0 500 50.0  A[cliti e Package with P
EP Gear  Additive -- - I.. W FT-4,1 0.0 0.1 0.0 35.0`
1, 5 30.0  FT-4.3 x4.8 363 17,61 0.0 1.0 0 0  ----
------- -- --------- IP-.7. U:1} 0.0 (0 15.0 18.E _.0
tIS 15.3 12.3 93 0.1 0.0 0.0  l~ I'-16 0.0 1.H 3:0 0:0
0.0 0,0  - W . it?E l it~iz.f3 Ir)U,0 100.0 1000 100.0
100.0 I otal Wt"/'& of gear 4 



`8 1 .8 40 .8 .3S.) 31.5 ?; ,0  lubricant havinev:
<D.06s"toa E k  rt% total 3 N  molecules witli I r '
ycloparaifinic, functionality, af]d a ratio of
molecules 4?it'  iuiono -) clc parafni S 1LI1,t
i.iona1it to to 0ona1ity > 12. I -51 WO 2007/118165
PCT/US2007/066095  5 The properties of these six
diilercnt 1 ihric..Ent blends are shop an in Tali!'-
VuI!. Table V tll I Property fr`EARG Gl ARJI GF: J
Gl~;r~F (EARL GFr ,RM  75W-90 75W-90 75r1- 0 is Ouide
75W-90 75W-90 75W"-90 \ as{:asity at 14.97 14.88 14
1428 58 14.82 i00 C, eSt I I  --- --- -- --.. 9.__.
Viscosity Index 156 156 156 158 152 157  ----- ---.
13r ookf el 11 w(1{3 11 2 20 113000 103000 117-00
128000  viscosity al -40'C, 0 l  Pour Point, C -47 -44
45 _47 -45 -44 ---------- ----- - ---------- 



j3 , c{-s -40 -40 -40 -40 -40 -40  Brookfield Ratio 7t
', O 75 7615 "213 8025 8637 -- - - -------------------
- -------------------- 613 . l} 1 100 1 f 1008 ! 1
t~e0 t 1 l i)l%d l 10 1  Note that the 61 that had the
highest Br ic?kfield Ratio (whirl is less da.si4c.c)
was 10 (2EARM. samples, G1 ARM slso~ 1vid the lowest
total weight percent o base  4,1 1, 'i' it r t'h'an
0.06 1bt f~ aromathc ' 1'; greater than 20 , t," total
molecules  with cal t-r1r<i }ffirat+c` firnctionality,
and c) a ratio of rnolecale:s with nlonocy l )P,tr
itt;I]lc functionality to molecules with f ncii nri
t4, r t r it nn I -L The blends additionally com~ti
ila~ a p alr point 15 d Lq,ic sin base oil b1c;id flri
compoanentprr oared from an lEiorn ried I ischcr'-r1
lops h  'I1`... i~ '1i ~ \c1l hoEtt.tris product (i Gk
1.RH and ( .i) ',Ii f } tit y ) ; GEARt.f >< Which did
not contain any. -52 WO 2007/118165 PCT/US2007/066095
5 Example 6i .7..vO Lonwwarati-I ~; bIcn is of ;SAL
75W-90 gear lubiic t is were attempted to be made t in
_ tit sa;t t s e ils as used in Example 5. The
formulations of these comparative  gear l abricant
bends are surni aHized in Table [ , 10 `fable IX
Component, W1% C01-11P. comp,  6FAf N GEAR  ..._ ---
--- ~I Grad 7 5,W-9 75W 9(1  ~.ir ltl ricant Additive
Package with 50 0 50,0  SiP FP Gear Lubricant Additive
-- 



f i -f.3 26,7 18.7  # 5 23,3 346 l t}t4~1 1! l E it  I
ota; " ear lubrica+i t l vimi,: 26.7 S7 - -
----------- O.Oc xw1% ai- omatic s, > 20 Myt% total
molecules with cycloparaffruc  functionality- and
aratio of molecules i With Eneroc clo:)paraffinic
functionality 1 t  iircti e. ality> 12. t WO
2007/118165 PCT/US2007/066095  5 twoho :at'oper?i~:;~
of These .~,.4corz~parnt.ahe ~ ~, ..It:l rJ,.art
blends an, s,zE.,wta in Table X. Tathie X Properties
('c,rnp. GET/kf "IN con-1p.  GEARP  - ------- A t iai
SAE Gmd e 80W-90 80W-90  v iscasits ;t' luo V ~,St 1
>.61) Viscos;tv Index 156 B o t ticI'd Visccrsit4 at
-40'C, ef' 15.7110 1 164400  Wool I tld Viscosity at
-26"L: cP 1' c} 11620 ------------- - - --- Pour Poini
C 4' 42  ------------- -26 ~26  __ -- -- ----- Brc t.i
c:id Ratio 818.1 756.5  



' l \ e (JO-G7 x B) 7 8'. 3783.3) Because neith:r of
these blend ac1-iUcY.'cd :r nia; ztaauun of 150 000 eP
-at -40C, they did 10 not. n ee.t the spit .atiorir
for 75'' 90 g :air iubricLantus. l;~steaid, they were
80W-90 oc d  iaricanta.AIthoug'i-r both tit coinpar
tve geil't!:> t~at7ts in Table X were rt;.ade  ar dnt
the. saint bas oils as the blends n F~;." ple 5, and
had similar Nola vkc-osi,,,,,  indext5, tiie_ydid not
hase the excellent low Brookfield Ratio of the
prcfera-ed near  Ii:l_ric4t:,t.. ,Ft[ais invention.
Note that both of these- comparative bier s
c.ontaineda 15 hi-her - rnotrrit of base oil (greater
:Bran 22 ,1 . , :A'1-7-8) having- {a et :,antial
number  of carbon ato r-ts, lass than Ott wt'X% total
molecules with c lopariilinic fuo .tionalit\?,  and a
ratio of n :olectale.s v th nioraot clo araf11n]c 1'Mc
ion a1?i ' to molecules with nataltict'c[oi - r fhi ;c
liar cti0J-iailit ? less than 12,F1'-8 t.td u I6%;,er
VI than some of the  other base oils ta~eful in this
invention. 20 -54 WO 2007/118165 PCT/US2007/066095  5
Example 7 A base coil vas prcp~.ied by hvdw
\omeriiationduvax g. a 50150.1-nix of Luxco 160
petrol urn-based ,v n, and Moore & Munger C80 Fe-based
1<-T' xax. The  hydroisornerizect product vas
hydrofinished and fractionated by vacuum distillation.
10 A distillate fraction was selected having the
properties described in `1 able XI,  Table, XI
------------ -- -- San ple Properties FT-7,6
------------- - - - - ---------- '1scoSity at I00"C
cst 7.X97 Viscosity Index 162 t ..... .._.- - ___--_
flour Poi;-t, C -1 ,  ToPzll W "t jrc `\rt+d sties
0.0168 



wt,"", QleilIl. 0.0  FIN/IS} W% Alkanes 58.3
1-tinsaturatioils 34.4 2- to 6- 1.Jntaluratlons 7. 3
Total 100.0  Total wt% Molecules %vi di 41.7  C cibl
araffitnic 'titbit nalit " --- - --- - - ---------- I
~o of Nlora rcyclo")Ll-affins to 4.7 7  I
lultieveloparaffiizns Oxidator BN hour, 4  - -- ------
-- s X in the quation: \'l 2$ x Ln(V1S i Jt,} 105.2  X
-: - -------- ------ Traction C i ent at 1 f, cSt
:0.021  -55 WO 2007/118165 PCT/US2007/066095  5 FT-7,6
is an c\: rizplc Of a base oil made tironi a waxy teed
1mving a VI greater than an amount defined by the
equation: VI --- 28 1 Ln(Kinematic Viscosity,- at 100
) + 105. It  also has a very low traction coefficient.
Three different blends of multigrade automotive gear
lubricant were hlCnc'ed 10 either the FT-7,6 detailed
in -..~miple 7., or with -PAS, The formultt ; nor t;t:
ti- est. three  lubricants are summarized in Table
III. Tabic X'11  --------------- Comp GLARl` _-.---; G
'I A1:  (:iEARQ 



--- ------- ---------- .. -------- - SAE Grade 75W-90
75W-90 75W-90  (,ear Lubricant ':96 -7,96 Add i_;l`e
L` ekage with Na-l3or ite E Additive .W.....
---------- ----- - - PAO 6 c.St s 61.7 G (~  P;1O-
1100 eSt '3 21()6 0 ---- -.. .-- [} t} .  Citgo Bright
So 1 0 150  PT--7.6 0 6. ,9x8 39.99  'T'otal 100.0
100.0 15 ail-`D film tlri l,n was obtained with an
;`11TI. Ultra Thin Fiber M easurer. ..crit  S~stei
ttorri.P(:: 1r;;tiuirrents, LTD. Measue i.u.n is wore
made at 1201C. utilizi:,-, a  po. s: --d 19 mm
diameter ball (AE AISI 521 :,iii ;,t el} freely
rotating di ik coated with transparent s i _ 3
:sp-cer': laver [--d00nrn thick] and semi--re lective
LhT(-,mium la ..er. `l ii : luau on th,f ',xt' l..IJsi
Nvas 20t' resulting in an estimated average  20 c
nntjLi titr~ss of 0,33J, GPa and amaximum contact
stress of0.50~0 CPa. The glass elisk was rotated at '3
meters/sec at a slide to 'roll ratio of zero percent
with respect to  -54 WO 2007/118165 PCT/US2007/066095
5 the steel hall. Film thickness i eisor meats e e
I-vi, cd' on ultrathin film  immterfcrometr % tusirm =
White light . `fh .. optical film thickness valares
zwere. converted to  real filar tlaicl val.ues f'rutn
the refry tivc;- indices of the oils as measured by a
conventional A H,e re Iractometer at 12O C. 10 Table
;MITI:  - - -- ------ - 



Gear Lubricant Comp aiL,,,')- lit GE RR GEART  Popert
es Viscosity at 100T, 14.26 14.27 14.24  cSt EI sity
Index 157 160 1 `'?  h Al) Film 123,6 127:9 1-1ti
'I'll Mows", , "111-1 1,,e 12OCud-;1111S- -
..............  Note that the addition of the FT-7,6
base oil improved the iilrr: of the  automotive gear
lubricants compared to the blend having only .PA D, 15
Example  Three base oils that had low tracti;cn
coefficients in:irle accordiiig to the teachings in
applicants' earlier patent app cations arc shown in
Table XIV. ET-7.`9 as disclosed 20 in i?.S. Patcz t
Publication 2-005,013,3409 and U,S. ?' t ? 1-'i.l,?
.,?tion 2UU5024IQ90.  FT-14 and 1''1::-16 were
di:,d:lased. In U.S. Patent Apl~;:c .tlni-i l I, 6,
fled  December 7, 2005. -,5/ f . WO 2007/118165
PCT/US2007/066095  5 l iih [V  - S irnllle Properties
7"T'-7-95 FT- 14 F F 16 -- - - - - - ------------- - -
- ------ - - Visco, it;` at 10lO'C, c.St 7,95 1'_ .99
1 b. 'is .c,sit r Intl : 165 157 143  - - - - -
---------- - Pour Point -12 c -12 -S -16 



A' I'M D 63 52 :S Nt1?T'T (wt,/o), 'F 5 919 1045 1072
Total l+ t ".' I :ti t oinaties 0-0058 0,0414 ------
---- ----------- ;y\a''zOletin <0-5 3.17 0.1?  lpv'1S,
Wt% 1 11n ~t?1c`_fi?T?S >10 40.2 38;1  2- to 6-
Ui-tsatura tions ! <2. 0.8 0.L  ------------ --------
- --- 38. 4  io M+,l cults with [ }rdoprtral`1inic >10
3 1.83 Functionality ------- - ---- Ratio of
Monocycioparattins to >5 463 95  is cl ?parahn
----------- -- - -- OxtdatorBN, Hours Not tested 18.89
42.9  ----- --------- ------------------- -- ------
----------------- X in the equation' V1 =_ 28 x.
LndVIS 1l,s) + X 106.9 $ 70-5 - ----- - Alkvl-bianchss
pen l 0 .carbon VIWMIS' b \`MR _ 1 8.19 9.41  -- f
l'TitC on c - 1_I] <at 1 7 C. SI 0.017 U:t11 <0 -1
----------- - ----- -- - ----- --------- ----
-------------- s 131 \1R Branching i ilit ? ,f Index
22.o 21.018 21.72  Proximity 2,49 24 01 19.07  ;' Ote
that m- tbu 1?T-7.95 , FT-14, nor FT-1 6 had t' c
oTC'OTrcri cr3n DirnaTion of a traction COciiL:iCilt
less thou 0.01 1 and a 10 rt o boiling poi iit AS
i'iv1 D 6"353  10 greater than 582" C (10 of one of
the embodiments of this iiiv'ontion. 



58  WO 2007/118165 PCT/US2007/066095  5 All of the i
ublication.s, patents and patent n ,piicaa ons cited
in ibis ,application are herein incorpurxited b
reference in tlrmir ent cL to the same C.&Ulmt as if
the. disclosure  nr each individual puiblication,
patt:nt application or patent was specifically and
irdivic'Lia?l`{ ndicated to be incorporated by
reference in its entirety, 10 Many modifications of
the exemplary embodiments of the invention disclosed
above  will readily occur to those skilled in the art.
Accu iiig yy the hive nti on is to be  construed as
including all st.tl~s _ : and methods that fall within
tho sc: Jp of the  appended claims. 59 WO 2007/118165
PCT/US2007/066095  5 WHAT IS CLAMED IS: I. A. gear
lubricant, comprising: a. greater than 10 w+% based on
the total it lubricant of a first base  it having:  10
(i ) a sequential i umber of carbon atoms, (iii lr ~zs
tl lri 006 ~k + o natics. ?rcatct thari'2C 1,vt`'u
total molecules \4ithc rc.loparait nic  functionality,
and (iv) a ratio ofmolecules with itj;
,nocY~:lti,p.arafrill) C function-nality to  15
molecules with multicycloparaffinic unctionanityr
greater than  12; h. 1 than 22 (% based onihe total
gear lubricant ofa second base oil having:  (i) e
segluential number of carbon atoms, 20 (1i) leis that
0 wt%o total rhole.ulu v},itl cycloparaifimc
functionalit;,  (111) a ratio of nioleculcs with
monocycloparaffinic functionality to molecules tt'is~
multicycioparaffinic functionality less than 12,  25
c, a pour point depressant', 



d. an EP gear lubricant additive; and e. lcs than 10
Lyk'o based on the total gear It bric m of a osco:Siiy
index  30 improver; wherein the gear lubricant has, I
it a.kinematic viscosity at 1O0t?C greater tha:in 10
USt. and ti: i a Brookfield Ratio less than an amount
defined by the  Brookfield Ratio =- 613 x e(-0,07 x
ard wherein J3 i.ai:, -40  when the gear lubricant is,
an SAE 75W- X, 3 equals - 2 b' -when  -60 WO
2007/118165 PCT/US2007/066095  5 the ;par lubricant is
an SAE SC 1 '- , and F~ equals -12 when the  gear
liibrt :t r. is an SAE 85W-SEX. ''. The Sear lubricant
of claim I. z herein the gear lltllric,;:lt. comprises
more than 30  -eight percent,, based on the total gear
lubricant, of the first base oil. 10 . The gear
lubricant of claim I, wherein the first base oil is
made from a waxy f ex ,  4. The gear lubricant of
claim io-ein the axe- _Ct ed f" i scbei-Tropseh de.t
is ed.  15 5. The guar lubricant of claim 2.
comprising greater than 25 % of the first base oil. 6.
f he gear lubricant of claim 1, comprising less, that)
18 of tl e second base oil.  7. ". he gear i 7rieant
of claim 1; wherein the first base oil additionallyhaa
a VI 2.0 greater Jih an atii amount defined, by the
e(Iuat.iom-i; VI - 28  ,s t < t 100,) -1.95, 8. The
gear lubricant of clam 1, wherein the first base oil
additioaally has a traction  coefh4.ietlt less than
0021 when measured at a kinematic 1L;r' of 15 cSt and
at  2,5 a slide to roll ratio of 40 percent. 9. 1 he
gear lubricant Lit c laim 1; wherein the gear
fill"J')l ;: at has a kinematic is,, Osity  at I DOT
Ere ater than .17' cSt. 30 10. The gear Ituf rig =an.
o1 claim 1, the gear lubricant leas an EIII) film
thickne~;s greater than 125 nanotraeters when measured
at I2E7` .`. rEi meter,'ties;.  11. I'lie, teal l
ubricart of ciaim 1, additionally cotrtprasitr t.il a
to 15 ~Xo based on 



the total gear lubricant of a pour point depressing b
Ise oil blending component WO 2007/118165
PCT/US2007/066095  5 that is an isomerized
Fischer-'I'rmpsch derived, or petroleum derived,
bottoms  product: 1 A fear lubricant, comprising: a:
greaten than 10 wt% based on the total gear lubricant
of a f:sL base oil.. made  10 trorn a first waxy,
feed, having less than 0.06 wt".r% aromatics and a Sri
~c ity  index real t than an ~araTount defined by t e
eq anon: I _= 2 x L.f tl; i t r..~. t :  Viscosity at
100"C) + 107; b. less than 22 't% based on th - :n4,;
:u guar lubricant of a;s nil, mad  15 from a second
,,vaxy feed, havin less than OA wt% aromatics and a
viscosity  index less than an amount defined by tLe
eq~uation: VI = 28 ;x LnilKinr nrr uic  Viscosity at
100C)  105 C' a pour point depress al nt: all d  20 d.
frri I;1 1 czar lubracant a~ c,.:ti.v ; 4r licr~ ift t
e heir lubric n has: (1) a gear lubricant kinematic
viscosity at IO0C greater than 1.0  eSt, and (iitl a,
i3rookfield Ratio less than an amount detined by the
equation:  25 Brookfield Ratio ~ 13 x e~"v and wherein
'3 equals -40  when the gear lubricant ? `~f KX, .
equals  E'~ i~'1 en the gear iu r3 ,.a ,-- is a and ~i
equals -l  .115 urlZ3bn aa,?a~?` hc~5V'd'-XX. 30 1 he
geai'l~_,btlcmtt Qf claim 12, v,-herein the first and
7:~2oad t <1I .Lads tit;  F i scher-TTroo psc h
derived. gear lubricant of claim '12, wherein the
first waxy feed is Fischer-ropsch  14. The 62  WO
2007/118165 PCT/US2007/066095  



5 15. The ;cai lubricant oi. ;aini 12 , wherein the
gear lubricant kinematic viscosity at  IOOC is
greaterthan 13 cSt. i Cl T n T,ur,t l6. The gear
lubricant cf clarr~ 1~1, ~~rlai:r'~it the wear
lubricant kinematic viscosity at  110" C is greater
than 20 cSt. 10 l 7. "1'he dear lilbricaxrt at clan g
12 additionally L~rrtprising 0.05 to 15 wt% pour point
depressing ba c oil blending component that is an
isu1nerized Fischer- Trop.sch  derived, or petroleum
derived, bottoms product, 15 18. Tlie gear l _2brican
of claim 12, ' hcrci:n the gear lubricant has an F141)
film  thickness greater than 125 naxnometers when
.measured at 120( and meters/sec.  I9 , , gar
lubricant having Z t3rooklield 1<atiu l ss than .in
i.n.31tit defined by the equation: [ atio = 613 x
el-,i' x Vii}; and wherein 13 equals 0 when the 20 it
1 Ohriculll is all SAE 75W- X, 3 equals -26 sshcn tiw
scar lubrrc.ii,t is an SAL  S0W-XX, and J3 equals - 12
when the gear lubricant is an SAE coalprising:  a,
betv,,een 10 and 95 tvt% of a hydrois~oinsxice
distillate Tischer-Tropsc a 25 [,-Ise Oil characterize
1 t i`1 a km , i#j >ic ti t sits bctsseen 2,5 and 8  t
CSI i 100CC; (ii) at least about 10 r-}L.' c, of ['re
molecules having  cscloparaffinic turictionalits, and
(iii) 1 ratio of -eight percent molecules with rnonoc;
, a cmi i1 hnit~ functionality L J i percent of
molecule's si ith  rarult#v;} i ? ?araffi.ni
functionality, greater than 5; 30 b. 0,05 to 15
>%-,t'% of a pour point depressing bast. oil blending
component  prepared lion an isormi l _,J hnttoins
pm-loci having an avertage d ' ree of  branching inthe
molecules betsscen .a'.):_mut s and about 9 alkyl
hranLhes per  100 carbon atoms; and 6-  



WO 2007/118165 PCT/US2007/066095  5 c. between 2.5 to
30 wt% of an EP gear laubric,-i additive. 20, The near
l ubricant ofclaidri 9; "'herein the pour point
depressilig l asp. oil  blending component has not
more than 10 wt% boiling below about 9c_ 0'T,  10 21.
Th gear lubricant of claim 19, wherein the geu
lubricant has a kinematic  viseosily at l 00'C greater
than 10 eSt. 22. The ear hihriee cat of claim
21,wherein the dear lubricant has a ki i i,tat c  \ts
c51jv it I!,neater than 1 3 eSt. 15 - 3 1 ha:e gear
lubricant of claim 19, wherein the base oil. has at
least about 20 wt% of  th molecules haying
yclopar:-affiiiic l'itnctioilatit:tr 24. The gear I
hi'icant .at clainn 1.9, r here the base oil has a
ratio of weight percent  20 functionality to ~x 41 t
percent Ofmolecules  wit11.J11~d,1t ' {'l )t?6tI'T
iii'IS' tl. t tfi, 31;111?1`, CC']tt'.' Fhan 12. . The
f?ew lubricant of claim 19; V hCrean the gear
lubricant has'tan 1;1?1. 11111 thwi 125 nanometers
when measured at 120C and 3 meters/see;  25 26. A
process for making a gear it: (. a'ier nt, comprising:
;  selecting a base oil., made from a waxy feed,
having: (i) less than 41.06 "v t"": aror atlcs, 3D
(ii) Brea;cr tl?an 20 t''_ lard molecules with
cyelopa-raffin r  functionality, and (ill) a ratio of
moles IL s with inoiiot %, ,'I ?paraffinic ftii3~
tic:naiit tip  i aolec llf S with T1uhic 1~ i alli:;
!C. functio' -I:1[',' ak c ater than  12; and -64 WO
2007/118165 PCT/US2007/066095  5 b. blendiri4^. the
base oil with 



(I an E13 gear lubricant additive.  (ii) a pnilr ~
?t1t or csc lilt, and (iii' 'less than 10 xN'i" -."),
based on the total gear `lti of a Viscosity  index
iniprov i-i to produce a itearlubricant; 4vh reed the
gear 10 hibric ant a ~h eenlatie 'hscoti.ty at 1UOoC
greater than 10, cSt.,  and a ratio of 13 of ~,k Held
v"i;cotiit in cp, reasw d at terripCrature  f3 in o(1
to the taiiciliatic viscosity at 1OOoC less than an
amount  letiil by tli equation: 3te> l.r.:l l Ratio= 6
1 ti  3 and wherein [ equals -40 when the gear
lubricant is an SAE 15 75W-XX, 13 equals -26 when the
gear lubricant is an SAE SOW- XX, and 13 equals -12
when the gear lubricant is an S,\F 35W- XX 27. The
process of claim 26, additionally includin blending
the base oil with 3 pour  20 ooii t depressing, base
oil blending component made from an isorexiis d
bottoms  product. 28. The pi'ni;ess of ciairi 26, cone
i it ,.l?lend.ing the base toil v eE ; loss than -~
based on the total ge.a ];.iericant, L,:z tit
viscosity index improver, 25 g9, The process of cf
eemprising Vending the base oil ~.vit12 less than 0.5
wt%,  Based on tl'.e total car lubricant, of a
viscosity index improver. 30 '1 he process of claim
'26, =~l1L.T i :?"le vatic of molecules with inonoc,
clop.ii' ini 30 functionality to molecules with i
3:L.it; ; lopata'tfiiai ttineticnalit r is greater s
hail  20, 65 WO 2007/118165 PCT/US2007/066095  5 31.
The process cal c l tii 6, ~. 'herein tlae };.k ,te
nil has a vis a a1ty index greater than all amount
defined by the equation: VI = 23 ;, Ln(Kinemati ;
Viscosity atI00C) +  95, 



?2. The process of claim 26. wherein the blending
incorporates greater than l O '% t o,  10 based on the
total lubricant, of the base oil into the gear
lc:ibric a]t. 33. "I 'he process of cic in 26,
additionally comprising incorporating loss tlt -:-=
xvi. u,  based on the total gear lubricant, o a second
base oil into the gear lrahr~icar`mm,  wherein the
second base oil has: 15 a. a sequential ml aiberof
carbon atoms, b. less than 40 c t% total molecules
with evclop .r<<tlii?ic Cuoctionalityr 20 c. "ti ratio
of Molecules with r a.(c)I)i cycif ~;. raflin1C
functionality to inolecules with  ataultieycloo?rat-t.
nrc iunctionalit loss tl: is I" I. 34. 'l he proi:es~
nt cairn 2' including 114iI7't: ]Iii;.[ ;u. i_lk I
.tiL ]]l in a hydroliilashing  zc fi uii:_l r (311&
ions p}a't Iectecl to pi )dace a L sc nil has mg less
than O.s ~<.;f/'o  25 o iins, 35. A p ess f I li]a : a
gear lubric :n.?. a , sc chug a bas c l"' I. made from
a waxy lbed, having a vi t t asi1' index greater  30
than an ainowhnt tined b the equation; VI - 28 x LTi
I~il!_inrair Viscosity at  IO0]C))+ I(}4; b. blending
the base oil with: (i) an. EP gem, liil ra~attt
additive,  66 WO 2007/118165 PCT/US2007/066095  iii) a
pour point depressant, and (iii) less thim 10 ".eight
pt,r . r, t, h, ,,sc on the E j$ ti ,-var Iub icant; &
a  viscosity inde.~ ina.provcr to prcduce :a sear
lubricant; wherein  the gear it b icant has a
kinematic viscosity tat 1000C greater than  10 cSt,
and a ratio of Brookfield viscosity in cP, measured at
10 tenaperataare 1 in oC to the kinematic visc ?_ '.y
at I OW Iess  than an amount defined by the equation;
1 of field Ratio = 613  N e(-0.07 x f3) and 4 Lereira
fi egviis --40 w lien the gear lubricant  



is a SAE 751Y-X'., i; equals -26 when the gear
lubricant is a  SAE SOW-XX, and equals -12 when the
gear 1,lhaacant ie a 15 SAE 8S1 -; , 6. The process of
claim 35, wherein the waxy feed is ; isclaer-Tr'opseh
derived.  37, The process of L 1 urn 35, wher.rta the
gear Iuhucam. comp' tscs grcater than 12  20 wei ht
per C IAt, <iseci on tai to, ,al cai $lahnc ar $. of
the basc oil. -18-The process of claim 35,, compri ;ii
`?, Ming N bati" o with less than S wt'' {),  based on
the total gear liihricarit, o!' .a. r t? i i.v index
improver, 25 31 Ile ,l J isis 35, conal,rising
blending the base oil , 'ith <a p,sur point d<'pi't
io:j bass o 1", ending conmoncnt prepaf sd horn an i
t7l .;1 bottoms  product having. an average degrcc of
branching in the molecules Fbttween about S  ai i,-!
r; ~Llt 9 -,Al-branches per 1,00 cai fon Fawns 30 40.
A method for red acing a Brookfield Ratio of ,i gear
lubricant having a kinematic  viscosity at 100`C
greater than 10 cSt, comp isin:: adding 0M to 15 ,
i... f a  total gear lubricant of a pour point
depressing bass. oil bl 2 din ' com i[_ioenl :le e'ing
a pow point at least Wee degrees higher than a pour
point of an i >on i _;,et':  distillate fraction also
present in the gear lubricant; where n th E'ro: t,i; _
ld Ratio -67 WO 2007/118165 PCT/US2007/066095  5 is a
ratio of Ilk &)(.)Y;t;4fd viticn~: i`ti' of time s?rar
lubricant in eP, me sn.red at a temperature [I in C,
to a kinematic viscosity at l00C". of the gear
lubricant less  than an amount defineJi by the
equation- Brookfield l'anu = 613 x et-I)`' `'}' and
wherein [3 equals -4.0 \vlieu t` "c. ,o I lid-o w:Int
is an SI\l~. 75W-X,-X, (3 equals -26  when the gear
lubricant is an SAE 0W XX, and 13 equals -12) w Then
the gear 10 lubricant is an SAE 85W-XX. 41. The method
of claim 40, comprising adding between 0.5 to 10 (% of
the tow l  gear lubricant of the pour point base oil
blending componenlt. 15 42. The method of claim 40,
wl-w ein the gear lubricant has a kinematic viscosity
at  100C greater than 13 cSt. 



41 Thu method of eLirn 40, vrherein the pour pw-.i}
depressing hasc oil blending  component has a VI
greater than 140. 20 44. The method of claim 40, w ire
ti .ilk pour Point deprc. ,in- bas; oil Wending
coompwient has treater than 1(1 weight percent total
mclecul, with eycloparaffinic  Iuuctionahty, 25 45.
The method of claim 40, wherein. the isomerized
distillate fraction is Fisch t 68.. 




