
WO 2007/118158 PCT/US2007/066080   GEAR LUBRICANT WITH
A BASE OIL HAVING A LOW TRACTION COEFFICIENT  FIELD OF
THE INVENTION 10 This invention is directed to
lubricant base oils, and  finished lubricants made
from  them having very low traction coefficients.
BACKGROUND OF THE INVENTION 15 Others have made gear
lubricants having low ratios of Brookfield viscosity
to kinematic viscosity at 100C using polyalphaolefins,
or combinations of petroleum  derived base oils with
significant levels of viscosity index improver. For
example. Chevron Tegra Synthetic Gear Lubricant SAE
80W-140 is made with highly refined petroleum derived
Group III basse oil and greater than 20 wt% viscosity
index  20 improver. Chevron Tegra Synthetic Gear
Lubricant SAE 75W-90 is made with  polyalphaolefin and
diester base oils. Tegra is a registered trademark of
Chevron Corporation.  Polyalphaolefin base oils are
expensive and have less desired clastomer
compatibility than other base oils. Dieter base oil
provides improved  clastomer compatibility and
additive solubility, but is also very expensive and 25
available in limited quantities.  European Patent
Application No. 1570035A3 teaches that functional
fluids may be made using base 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 coefficients.  Commonly
assigned U.S. Patent Application Publication No.
20050133407 discloses that gear lubricants may be made
having a low Brookfield viscosity from a   -1- WO
2007/118158 PCT/US2007/066080  



Fischer-Tropsch derived laili iE t9 ~3sr, base oil
having it desired mujo-'Iflar composition. Coinnionly
assigned 'U.S. Pt tent Application 11/296,1`13b, tiled
December 7, 2005, {.i eli ses that lase oils with high
Vi and having low aromatics aitd  preferred high
levels of predominantly molecules wvith
monocycloparaffinic 5 functionality can be used tr
blend manual transmission fluids with very high Vis
and  low l rookli ld vi o i:ics t -40'( 7. Commonly
assigned U.S:. Patent Application, Pul fi:ation giros.
20 C;ii, ,fit? 1,, "'00502161145, 2005025 1 1 46, and
20050261147  that blends of base oils road&, from
highly paraffinic wax with Group 11  or Group III base
oils, v ill have very low Brookfield v scosities.
Commonly 10, assigned U ,S. Pate_ot AT,1 l,e al.on
Publication No. 20050241990 discloses  that wo m war l
ibricari .< may be made using ba:se~ o Is having a low
traction  coefficient inadc from a waxy feed. C oi-t
monly assigned U.S. Patent Application  Publication
No. 200500981476 disco rs pour pc,itit depressing base
oil blending components made by hydra isoi_n si:ra(ion
de waxing a waxy feed  15 and selection of a heavy
distillation bottom r product. Commonly assigned U.S.
Provisional l' :t nt \ )plication 60/00 66, filed
August 5, 20014 and L.E. . Patent  Application 1 ) ,
fled September 2_), 2004. d LLcloscs that oil blends
of Fischer-Tropsch derived distillate products and a
pour point depressing;  base t,il blending conrpone.nt
!)r-e:pared from an isomerized bottoms product n:m,iy
be  20 made Living low Brookfield viseositie-". A gear
lubricant is having a hi her kinematic viscosity at
l00"C and lower  Brookfield Ratio than t ae gear
fabric sir} ,, it~~isly made. Preferably, the gez<r
lubricant will have a kinematic viscosit ' lc :;ic:?'
than 10 err it 100C, and ',i il? also 25 have- a lo< v
Bt0o' ield'ise sit'<<` relative to kineinari
viscosity; and a process to make  it is also desire.!.
'Preferably, the gear lubricant \\ill also not requite
bid b ~:tinounts of  viscosity index improver. A
lubricant base L.1vtraction coefficient, and finished
30 ,i7.l.u ing (-ear lubricants made fri}m the base
oil, are also highly desired, WO 2007/118158
PCT/US2007/066080  SUia'IM. R''' OF THEIN\ EJNTIOr 



V'i hav iri!' rated a rr~irlti~~rade atrti~rxioti Ve
gear lubr c nt, comprisit g; 5 a. between 5 and 95 wt%
of a base oil, ma e from a waxy feed, havingcy a
traction  coefficient less than 0,021 when measured at
a kinematic viscosity of 15 cSt  and at a slide to
roll ratio of 40'. b. less than Z wt% viscosity index
improver or other thickener- and  I t) C. an EP gear
lubricant additive. We have also invented a method ixr
saving energy using a gear lubricant, coni ns.i ~,  l5
a, blending a rnultigi ade guar lubricant L adding
between 5 to 95 wt%, baaecJ on  the total gear
lubricant, of a Imbricating base nil having a
tractions coefficient  less than 0.021 when measure .!
at a kinematic vise o sit,, cFt 15 eSt and a slide <o
roll ratio of 40%%%f and :i0 b. usr:,, h(, r 'ar
lubricant in an axle or diftcrea tiai. We 11W, k_.
also invented a process for making an energy saving
automotive gear  iubr er nt, comprising: 25 a.
hyrlroisomerizing a waxy feed in an isomerization
zone. in the pres.-ice of a  ir, ri Boric rir ttie?rt
Catalyst and h drogcn under pre-selected co_idiLions,
to ra ned to provide a h droiso neriacd base= oil
product; b. 'tiro; rived base oil product rc,-oveEol
hem the 0 isomeir :rti4,r one urzdei ciistillationL )n
uiEions pre;-selc;ctedto collect an  energy saving
base oil produ 't c,haractt:rtx.ed by ba\ing a
traction coefficient.  less ;ban 0CE , l s.ire3 ii
-asur,--J as 15 c St and .i a slide to roll ratio of
4W/o; ry WO 2007/118158 PCT/US2007/066080  C.blending
the eftert"y, saving base oil product with an'13P gear
lubricant additive  to make the. energy saving gear
lubci ant wheieil. t 1e energy savI in,_ wear
lubricant has a kineizua.t]c viscosity at I 00 t wreat
r than 10 cSt. % c ha : invent-d a gear lubiicant
Lomp.risin a Fischer-Trop;:ch derived bass oil  having
a VI g titer than 150 and a traction coefficient less
fl,,a-_n 0.fil 5 when d~easur+_d1  ata kinematic` i.
nsity. of 15 cSt and at a slide to roll ratio
or.4O1:t. 



10 We have al:in ii i cwQd a t m--hcd lubricant,
comprising: a, a F lscher- a ropseh derived base oil
having a traction cocfficient less Than,  0.1115 when
measured at 15 cSi and _it a sli& to roll ratio of
40%; and 1 b, an effective amount of one or more
lubricant additives,  We have al. e ini`,,:;ntcd a
lubricant 1 is oil, compri.sin a. a traction
coefficient less than 0.011, and  20 b. a vi? 5'i% l-o
in point ?y.AST! '11) 635 3 greater than 582CC
(10301),  DETAILED DESCRIPTION OF ` :'HE INVENTION 25
SAE .1306 defztie; tli~', different viscosity grades
of ai.itor.i dive. at lubric:at ts. A  $fiultigrade
autiin ?tr' = dear le?brn nit refers to a ti a ton
otiv' tPe.tr lubricant that has  i:,
it}`i'ternperatuie charac ttris''s which tall Ith n
the iii nil 4ca dilieicn SAE numbers in SAE: J3106,
June 1998. For example, Lin SATI-1751V-O automotive
swear lubricant has temperature of -=40C for a l isco
it} t' l =1s,t t?t3 cP and  30 a kinematic viscosity
at 100 between 13.5 and less than 240 -St.The second
SA?.-viscosity tirade, XX,lor a mutt:,iace
aLitornoiivc gear lubricant o~ always a h]i ,her
,amber than the pioc d np W" SttE vi,(: _ ss y' grade;
tht1s ou may have ao WO 2007/118158 PCT/US2007/066080
8OW-9 i multigrade automotive gear lubricant but not
an 80 -80 uutulti{grad autortoti e: gear lubricant,
4cutonnotivt Gem Lubricant Vistosit  Classifications -
SAP-.13-06, Jun 1998  Max K nernatau Vis c r' at I (W'
f cS;~ SAE Viscositv T, mp,, nature Grade 1 is its` o
min I%iii;l E  'T CC) ---- 4.1 s1 4A  r3 `W 7,0 -W  



1 i l,U ! F5 W dip 7.0 <1 1,0 85 1 1.0 E 13.r' 90 $3 +
t} -  i10 2 [ ? 4 l 0  250 1 0 Examples of automotive
fear lubricants are maittual transmission fluids,
axle:  lubricants and differential fluids., 10 The
Maximum Temperature for Viscosity of" 150,000 eP (C)
is ax easured by scanning  f3rc.cokfield ViscositN. by
ASTM I) 2983--04. Gear lubricants having a low
Brookfield  viscosity, especially those with a low
Brookfield Ratio are c,:I-Yecially desired. .~".
But,(,' bold Ratit7 improved low tempetaltaz;
V,:'Eoperdesof'the ear  lubricant. 15 The l3rookiield
Ratio is calculated by the following equation:
Brookfield (...`ado tiro k~d:e.ld VReosity- in eP,
measured at Temperature [i in "C,  divided by the
Kun:_r'na dic V eosity at 100'C in :St 'it T~rua -,
r.ature'(3 I(fcC; when the h ear lubricant is an SAE
75W`- X:X. f z'[ Lire when the gar lubric :at 3 1t SAE
and  lemperawre fi = 12C when the gear lu:brieant an S
1 rift' XX.  -5>.. WO 2007/118158 PCT/US2007/066080
The Brookfield Ratio oc t is gnai lubricant of this
invention s ; It. s than an amount  calculated based
on the Teinpctattire 13 by the following equation. 613
xLt-; Ur x [~,.  5 where F} -40 ,, l'en he gear ltibi
h ant i n:li 5,'\ [ 75W-XX, 3 = -26 when the gear
lubrir ant is an , i, is RdW-XX, arid fi _. -12 n, hei
the gear lubricant is an 



SAL \ s\'-\:. Thus, for an SAE 75W-' X. automotive
gear lubricant of this  invention, the Brookfield
Ratio is less than 10081, prei'.rably t iaii 8000, &)r
all  10 SAE 8OW-XX atitt:n t+ ' i . e getar lubricant,
the Brookfield Ratio 16 less than 37S3.3, preferably,
lcc'; than 2500; and for are FSW-'X automotive. gear
lubricant, the  Brookttelrl R,ttio is less than
1419.9. NOW that XX in this invention) refers to the
viscosity trades of 81, 85, 90, 140, or 250. The XX
for an r.cit<n of n ge r lubricant will al tiways he a
higher number than the proceeding "W"S: E viscosity 15
grade; thus you may have an 8OW'---90 gear lubricant
but not a 8OW-80 gear. lubricant.  Note that the pear
lubricants of this itx r,tiaii ark a preferred subset
of those meetinig  the SA1? J306 specification, Fora
at.;;sic, an SA : 75W-90 oil with a 131,ookt=eld
Viscosity at the tuaximurn of 110 000 cl' divided by a
typical 1:.I. rnatia viscosity at 20 100C of 14 _ t ,
t id have a Brookf cld z tttlu e 13714, w=hich wo.ild
not be. as  desired as the lubricants of this
invention with a lower Broo.kfzeld Ratio. The gear
lubricants : f tl, invention have a higher kinematic
viscosity at 101$"C than  other oils made from a waxy
:feed having low Brookfleld viscosities. The gear.
22.5 luhrlcan L, of ? its lnverition have a_f 11. niat
C S i`coslty' at 100 C ?-re-1.-'2f than 10 cSt.
Prefvi',tbl, they have a Eineinatic vi c.os i,:; ,t
100'C less than or equal to 41.0 cSt. III  one c;iil
adiilleflt. they have a kinemati _ viscosity at 100C
greater than 13 cSt; and in another embodiment, they
have a tin i., ttic v isl-ao:ity at 100C: ,ienter than
20 cSt.  6 WO 2007/118158 PCT/US2007/066080  In
preferred emh,od meats, the gear lubricants of tlii i
,ventioa comp 1,;v rcnft r than  12 wt%, rrwo pik
tQra.blyJ greater than 15 wt%, nest preferably greater
than 25 'ww t% of  a base oil having: 5 i, a
sequential number of carbon atoms,  ii. lc,s than
0.116 v t' aroinaitics, iii. greater than 20 wt% total
molecules with cycloparaffinic functionality, and  111
iv: a rni.io a mol . lilt.`-, with monoccycloparalflru
ftmcliol`Isiltly to molecules with
iriuliigcloparaftii};c functionality greater than 12. 



The terms i,l":rsc.hci'IE spsC11 driived" or"FT de:
iti't.rl means that the product, fraction,  15 or feed
originates from or is produced at some s1:i e b y a
Fisc ier-`frrolaseh process. The ihcdstockfor the
l'ischeI Trcr,,S. h l~ri'e.: tiS may conic from a wide
variety of  ixj r' t l'c~riaceous i' .ttr a ,
including natural gas, coal, shale oil, 17,-t7:alc;
Urn, municipal waste, derivatives of these, and
combinations thereof: 20 "', 'tXv Cr ad" IS-', lecd or
stream comprising hydrocarbon molecules with a carbon
number of C20+ and having a boiling point generally=
ahca about t_:stl"f' (316 6'C): The  waxy feeds useful
in the processesdisrlr,~ed herein may be syr tlietic
wa ;v feedstocks,  such as Fischer'-Trop sch waxy
hydtocarh ns, or may be derived from rn.it unal
lciurces.  Accordingly,, the waxy feeds to the proses
er may comprise F Scher-`I rol sch derived 25 waxy
feeds, pctrcl' uin wax,as, waxy distillate 5at~?eks
such as gas oils, lubricant oil  stocks, high ,?ssI I
r; t3 '.I .!r lphaolefiris, toots oils, IlarnaaJ
alphaolciiil w1'a}es, slack  waxes, deoiled ante ,
Ifl{? micro rystalline waxes, and mi?:,turc
tli<::col'. Preferably,  the waxy feedstock sar are
derived from l' ischcr-Tropscl waxy= feeds. 0 Slack
wax can be obtained from conventional petroleum
derived fees St 3t::;~ by either  hydrocracldrg or by
solvent refining of tae lute. oil fraction, Typicall ,
slack wax is  recovei ed fi of ni ; ).''i"1t dewaxirig
feedstocks prepared by one of these processes, WO
2007/118158 PCT/US2007/066080  1'ly'drocrackin, is
usually prelbit vd h canac lt~d oii cking will ats,,-,
reduce the nitrogen ti?,2tc rt to a low value. With
slnc a ,,i` derlvG',,d from .7l ,ot refined oils,  de
of w: iuy be used to reduce the nitro`eti content.
Hv'drotreating + f the slack wax  can be _;.?ed to
lower t1 nitrogen and sulfur content. Slack. wa'.e : a
very high  5 vis l`t;, litdc i, Il!I'E1?': lb in tile
TWI, content and the starting material from xhich the
slack wax prepared. l herefore,  stack kil)xc tc
Eiital l t_,- the prq.aratioa of base oils having a.
very high viscosity  index 10 The f t: ti " ed useful
in this invention pre[ertiblyj has less than 25 ppm
total  combined nitrogen and sulfur. Nitrogen is
measured by melting the wa\y teed prior  to oxidative
combustion and cliemi1L1iY ine c .uce detection by
ASTM D 462`0-' The test method is fits desLE'ibed in
US. Patent No. 6,503,956, incorporated  



herein. Sulfur is measured by melting the waxy feed
prior to ultrav-i -filet 15 fluorescence by ASTM 1)
5453-O0. The test imetbod is further in  U.S. Patent
No. 6.50',O5b incorporated herein.. Waxy feeds useful
in this int eutiu,i are expected to be plentiful and
relatively cost  competitive in the near future as
:large-scab; Fischer-Tropsch synthesis processes come
20 into production S nrrude prepared from the
Fischer-Tropseh process comprises a mixture of various
solid, liquid, and d isc } t:; hydrocarbons. Those
Fischer-Tropsch  products which boil within the range
of lubricating base rill contain a high proportion  of
'Vtw which makes them ideal candidates for pros:
essing ili..,_, base oil. Accordingly,  I',sclie r
Tropsch 1 vax represents and excellent feed for
preparing higltquality base oils 25 according to the
prr r s, of tile invention. Fischerzrropschti wax is
normally solid at  room tempera[ t-L" alt 1, <r on iti
;1tly, displ i pc ar low temperature p -?L rt it s.
Sech  as pour point and cloud podni . Fio'.ves'er,
following hydroisomerization 0t the s ax, f iseher-
Tirops li derived base oils it e c lleut low
temperature properties fir, -ty be  pcr r-1' , ti
description . Ci+. !~ general lloftiLliLa1?It 30 may
be found n U. S. Patent Nos. 7 13 ~;t 5 i aiiLl and
U.S. Satt i11:  Application Pulb!ic. uu onNtu.
2005()l3540), into poratcd herein.  WO 2007/118158
PCT/US2007/066080  The hydroisomerization is achieved
by contacting the waxy feed with a hy~droisome
rization catalyst in an isomertzation zone under
11sdreii c mc.rizir p  onditi ns. l lic i;1' ruffs{
merizaticn _a' ilk st preferably co ?i =C a shape
selective  intermediate fault size molecular sieve, a
noble metal .f~ c r~atic~I~ compornent, at;ri a i
refractory oxide; support. The shape selective
intermediate pore size molecular 5,cve is  preferably
selected from the group consisting of SAPO-i 1,
SAPO-31, SAPO-4' , t-?, ZSM-22, Nt 'S~d--35 Sl\'I--;
S,7S\ f e 7, SS?-3p.. o .rr.t t lenieriie,  St', ZI
asul combinations thereof. S PO-11, SM S 7 ,?, YtS i-2
3, ands -rmbinatioii,;  thereof are Ignore preferred.
Preferably, the noble metal h y dr.n enation component
is  10, platinumn, palladium, or ( :nbinations thereof



The hnydroisonnerizing conditions depend on the waxy
feed used, the ydroisomeri: Litinri cairil'--,t used.
wheti,CI or not the catalyst i, sulffded, the desired
yield, and thedesircr: plot'ertie7 of the base oil.
Preferred hydroisorncrrizing conditions  15 useful in
the current invention include temperatures of 260C to
about 413"C (500 to about 775'R a total pressure of 15
to 3000 prig, and a hydrogen to-feed raIfio from
about 0.5 to 3i) MSCF:bbl,prefeerably from about Ito
about 10 MSCIF/blH. more  preferably from abooi:;t 4
to about 8 Generally, hydrogen will be separated  from
the product and recycled to the isomerization zone. 20
Optionally, the base oil produced by lny> ir? ;LTII
rizatio dewaxing may be  kvdrofinished, The
hydrofinishi:iiLmay occur in ~~inr Or More steps,
either before or  titter rae tionatiln of the base
tail into One of m on it _ : ticns, The lx}elrufirti
lain is  intended to improve the oxidation stability,
UV stability, and <-,,paarrance of the 25 product by
removing in matics, olefins, color bodies, and dl , :A
general  description of l'. o II~3ti} ing maybe found
in l l t . Patent Nod 3,ii5d,duI and  11(,';4l 7,
incorpor ted herein, The h\ d n'iinishill,, ,tep -n-a;
' l r i d o reduce the e `=,lit l _i . t nit olef ns
in the base oil to lass than 10, pr'eferablyr less
than 3, more p. ,;:f'_ ra 'ly less than 1, and most
preferably less than 0.5. The hydiofinislhing step may
30 also be needed to re:ince the weight percent
aromatics to less than 0. 1, preferah1 less  than
0016, more preleral)lr less than 0.02, and most
preferably less than 0.01. -9 WO 2007/118158
PCT/US2007/066080  The base oil is tic;ic,nated into
diFi,-,rent vliscosity grades of base oil. In the
context of  this disclosure. " differem viscosity
grades of h2' e oil" is defined as two or more base
oily differing in i inc atic viscosity at 100'.Tt;I;.
each other by at Ica r 1.0 cS4.  Kir-'ollhui Cisco.
ily is measured using. ASTM D 445-04- F,ai;
tlori.ttlli`', i done using a 5 vacuum distillation
unit to yield cuts with pre-selected boiling The base
oil fractions will t,',,i :ally li pour point less
than 0" C. Preferably, the  pour point will be less
than -I0"C. Ad it orally, in some embodiments the pour
point  of the base oil fraction will have: a ratio of
pourpoint, in 'C, to the kinematic c ,:aid 



t ttt l00' C, in c St, gre ter than a l3aw Oil Pour
:'ac the Base Oil loth- l'at:tiee  is defined by the
equation: Base Oil Pour Factor W 7.35 ?;, Ln(Kinematic
Viscosity at 100'C) -18  15 Pour- point is measured by
ASTM :C3 5950-02. The base oil fractions have
measurable quantities of unsaturated tnolecules
measured  by FMS. In a Preferred embodiment, the
hydroisomerizatio.n dewaxing and  tI':ltii:[?I7;0nr
conditions in the process of this invention are
tailored to produce one wl '20 more selected fractions
of base> oil having greater than 1>0 w vt% total
molecules with  cyrcloparaffinic
unetionality`,11rr:ierabaly giea'ter than 20, greater
than 35, or great :  than 40; and a v index greater
than 150, The one or more fractions of  base oils will
usually have less than 70 wt`~%% total molecules ',
ti: creloparaffinic  functionality. Preferably, the
one or raiore'sele;cted t?'ac'tiuns iii bU.wi eit
'viii 25 additionally have a ratio of mole ales with
:rt+~ro vl`ot 1j :Ai l.; ] functionality to  molecules
with iiltaltli cl 51 i t11'1 Ii_t?: .tion:':li` ar tf
a th_ n ?.I. In prelerre.!  enibodinaents the base oil
has a rvtio of nick :,e~ with i7 cro ~1i 1)<lr 'finis.
functionality to molecules Lgitll intilticc~cle
<'C3iiinic L;i :EiC'i1;3 li reat''r than 5, or r
it:_tter than [2. In preferred embodiment th--, lv c r
i t nt_ l tit r1 molecules `.with 30 m'.dt1
i'cloparafnicf.unctio3nality, such that the at"'P-;y
el inelecliles with rraoigcte~,{_ 1, ; =aid": is
imctit nnalityto u ol~ - iAVL, with n
atlticycloparaflinic  filnctioa 'Aity is ercna r tharl
100. 10 WO 2007/118158 PCT/US2007/066080  In sonic
prefer "ed embodirn::.nts, the lubricant  a it
iraciion: useful in this invention have a viscosit,'
index, greater than an amount defined by t1ae
equation:  5 Vi =2-t" Ln(Kinemat c Viscosity at 100) 9
In other preferred embodients, lubricant base oil
fractions useful in this invention  have a viscosity
index greater than an amount defined b,,,ill-kc,, l l
V1 28 x- Ln(Kmematic Viscosity at I N- C) +105 The
presence of predominantly :y-,cloparaliinic l olecules
with monocycloparaffinic functionality in id,?, base
oil fractions of this invention provides excellent
oxidation  stability, lowN c a. voli it tv'. ;_ts well
as desired addzt vc solubility and elastor"ner  



15 compatibility. The base oil Fractions have a weight
percent, olerins less than 10, prefera dly less than
5, more preferably less than It andmostpreferably less
than 0.5  The base oil f actions preferably have a
weight percent aromatics less than 0. 1, more
preffe.rably less than 0.05, and most preferably less
than 0.02. 20 IT, lr[Cii.i' AEI Embodtlrrerits, the at
oil Ii - 1. ions have. :1 ra'-on coef.lele-a tila:i
0.023, preferably less than or equal to 0.021, more
preferably less than or equal to  0.019,when
ivt-asulred at a kinematic viscosity of 15 cSt and at
a slide it roll ratio o  10%, :Pr eke: r ile , ; t
1c,y l>ave a traction coefficient less than an amount
defined by the  equation: 25 traction coefficient
0.00. Ln(Kinematie % scasity) - 0.001  wherein the
Kinematic Viscosity cNrin the traction coefficient n,,
,u,.urement  is l t ' e fl 2 and 50 cSt; and ai:e:t'in
the u. action ea 1e ',): l iT 'i7;iit cl tit an -0
avers ?e r{?lhng speed of 3 meters rcr a slide w rill
{'t . lti<ici f3  ~G ~rtc~r: Examples of these
preferred base oil factions are taught in P-S, Patent
P t f~pi.l lc .tic;a i[_.l radon No. _~00}5~) 11 ;) t}
Al sled April 29, 2004. The  I  WO 2007/118158
PCT/US2007/066080  lubricants made using 1lic pf,
fe.'ea base oil having a 1to% tE'_it'Ii )1:
coefficient will save  energy and operate In more
pl-(: anti. ell1bodimelns- the base oil fractions
having a levi traction 5 coefficient also have large
#illn.thi{,.Finesses. That is they have an El-11D film
thickness  greater than 1) 5 na Tionlete s when
measured it a kinematic viscosity of 15 eSt. The
preferred base As of ,his iris citrion h lv.~ f,1111
thicl n s ins about the same. or thicker  than PAOs,
but ha-,,,e lower traac loa than PAO.S. 10 In some oft
e n1, t nr t trt_ i embocliinents, the base oil
fractions have a traction  coefficient less than
J.017, or even less than 0.015, or less than 0.011,
when measurer  at 15 eSt and at a ON to rcoll ratio of
40%. The. base oil fractions having the Ionvest
traction coc itiderlts have unique branching
properties by NMR, including a branching  



index less t iai or equal to 2 3).4, a branching
proximity greater than or equal to 110, 15 and a Free
Carbon Index betv~cen 9 and 30. Additionally they
preferably have greater  than 4 wt% naphthenie earl
+'n, 11102 I'~- ', aatl.l.' gi'catci' ',3't%
naphthenie carbon  by ndIVI analysis by A. TMU 3238.
The base oil fr :chops having the Most &anion
coefficients generally have'a pour point less than -15
" C, I_'1.it surprisingly rniay have a  ratio of pour
point, in C, to the kinematic viscosity at 1004, in
cS?. less than an 20 amount defined by the equation:
Base Oil Pour Factor = 735 x Ln(Kineniatic: Viscosity
at 100C) -18 The base oil fractiors having the
lowesttlac,-Lon cef.ficieras have z higher kinematic
25 viscosity and higher h lWg points. Prefer <ably the
lubricant base oil fractions, having; a  2 trda tion c
l lli lent less than 0.015 Me l =`i.1 'x t`i`+ boiling
I (1050 F. In one embodiment the lubricant l xl-t. ?iI
fract{i91-1 he II31 (: anion h a1  tr_tc:ion
coefficient less than 0.011 and a5Q bw't j8 boiling
point by ASTM D 6353  tomato Man AM (10800F). 30 'fhl
ltibricaant base oil fractions,vs.,ftl in this
invention, unlike polyalphaolr.fiins 1 (P \E. y and
many othhci `;vntltctl s Icl i leafing bac oils,
contain hydrocarbon rte 1lectiJc  -12 WO 2007/118158
PCT/US2007/066080  having: consecutive numbers of
carbon atom - . i ,i . readily de err_lfned by gas
chromatography, where the lubricant base oil tractions
boil over a broad boiling range  and do not have sharp
peaks separcied by more than 1 carbon number. In other
words,  the lubricating base oil fm do - have
chromatographic peaks at each carbon number 5 across
their boiling .hinge. The Oxidator r N u t'he
lubricant base oI I fraction most useful in the irn
fl1 0fl i  greater than 10 hours, preferably greater
than 12 hours, In preferred embodiments,  where the
olefin and aromatics contents arc significantly low in
the lubricant base oil 10 fraction of the t.ing oil,
the O>";i itor RN of t1: e ?s et c baase. coil
fraction will Le  



greater than 25 hours, preferably grc iI!r than 35
houis, in-ore prc.i"rably greater than  40 or even 41
hours. The Oxidator IRN of the selected base oil
fraction will typically  be less than Gtr hours, O:'
idator BN is a convenient way to measure the oxidation
sE b lit, 4 base oils.`Fhe CxidatorBN'Lest is
described by Stangeland et al. in 13 U.S. Patent No.
3,852,207. The Oxidator BN test measures the
resistance to oxidation  by means of aDornte-type
oxygen absorption -araratus, See R\\'. Dornte
"Oxidation  of White Oils," Industrial and Engineering
Cl cistE ', Vol. 28, pa . 26, 19'6,  Normally, the
conditions are one atmosphere of pure oxygen at
340`'1:x. The results are  reported in hours to ,hscrh
1000 ml of 02 by 100 of 611, In the O:xidator BN test,
20 0,8 r ,l ~i c at al.yst is used per 100 grams of
oil and an additive package is included. in  the oil.
The catalyst is a mixture of soluble metal
napl:slaenatt s in kerosene. The  mixture of soluble
rm`.al naphtheaaates simulates the a 1 e3 a t metal
analysis of used.  crankcase oil. The loyal of-metals
in the c t~ly =t is; As 25 Copper = 6,927 p pin; Iron
~ (45;1 0' , ppm;  Lead = 8 ' 1-) ~`, ; )l,?i;a>
Manganese = 350 ppin;  Tin _ 3565 pp.m.  all 'f h,a
additive package is 80millinioles rtf zinc l_,~7
prop?rleitel~het 'l.iiiiai) tl ~, ,l 1, rte per 100
gram .>i' , 1, or aapproxia ately f ) WO 2007/118158
PCT/US2007/066080  1.1 grams of OLOA260. The Oxidator
B test iiieasure the espouse ~# lut ric._-:ring  h;
i,~e oil in a simulated application. High values, or
long times to absorb one liter e ;. e. i, it he c
good: oxid aioa subilitv. 5 OLOAis an acronym for
Lubricating Oil Additive T,,', 'r ?1 ch is a re L ter
d  to dcniat k of Chevron Orr;nite. L ubri cant
Additive  1 t The finished lubricant of the i resent
invention co i.p,scs un effective nic+iti?t of  



one or more lubricant, additives,Lu'bricant additives
which may be blerided with  the lubricating base oil
to form the finished lubricant composition include
Lilo c  %Jii, h are intended to improve certain
properties of the finished lubricant. 15 Typical
lubricant additives include, for example, anti-wear
aAdlitives, EP agents,  tl t,cr;t ;, d i)ersaris,
antioxidants, pour point depressants, 'Vi' r' si:y
Index it preveers, visce,~ity modifiers, f k-.tion ri
odifers, demulsife rs, antil.`barning agents,
corrosion inhibitors, rust inhibitor-,. scal swell
agents, emulsifiers, wetting agents,  luhiicii.
improvers, metal Jeactivatoi.;, gelling agents,
tackiness, agents, bactericides, 20 additives, c)liii
ants',, nlr:d the likc i.;pic.i!1y, the total amount
of one or more  lubiicant additives in the finished is
\sihin the range of 0.1 to 30 ,vt%. the en-lount of
lubricabrig base oil of this invention in the
finisl.CLi lubricant  is be %vc~ z.n 10 and 99,9 w
`t"ii. r r l+_f .t l' between :,nd wt%. 1 uhiiu<liit
additive  supplier; will provide information on
effective amounts ot'tli r ire in ideal lubricant 25
additi-H.: or idditive packages to be Won- ed with
lubricating base ails to make  finished lubricants.
However due to the t' .~ .'lle:it p[r'pC'i tics of the
11 t?I .L'.?:1u base  oils of the invention, less
aci~ii ive than required with lubricating r;ils made
by  other processes may be required to meet the
specifications for the finished lubricant.  30 14 WO
2007/118158 PCT/US2007/066080  Viscosity-Index Im rc~l
ers ( I Improvers) VI improvers modify the viscon
tri.: characteristics of lubricants by'reducingg the
rate  of t i,ritlitz~ with. incrcasine, teraprrature
and the rate of thickening with low i, lr  trlail ~
r,:t1, ' s. 'I snaproi ers tiaerehv pro' ide enhanced
_t:,L rt' mane c at low anl I-,-, ternpL'f'tli tlt' S:
VI iLni ro ';-r-s are ty`p all r +ubiect .iI to n-t
hanical [dc-gPradation dui_ to  17t.rtild7' i?t t11:
I71s_}~ +;'l)I '`; n hut tiIresti areas. Ht-l,
pi-r's~ir"es generated in hydrduuhhc  systems s LFh
ect fluid scar rates up in O's, i, Hydrnulic shear
causes fluid terliperature to use in a hydraulic
sycten1, and shear may bring a.botitper ianeri  10
viscosity loss in lubricating. oils. 



Generally, \ r I .imprfayers are oil soluble organic
polymers, typically olefin homno- or cu- l_ynteas or
derivatives thereof, of nunaher average molecular
s\rcight of  about 1`000 to 1 million atomic mass
units (arnu). VI improvers are generally added  15 to
li,bricating oils at concentrations from <;botit 0.I
to 10 wt%. They function by ih~c.'tct;irig `h = lubr:
caring oil to which hu, are added more at high
temperatures than  low, tlit~s keeping the viscosity''
ch_tnge ofd),, lubricant with temperature more
constant tl iai would otherwise be the case. '1 he
L.hange in viscosity with to nperattare  is corninonly
represented by the viscosity index ('I), with the
viscosity of oils with 20 l i rg;e VI (e. ;.. 140
changing less with temperature than the viscosity of
oils with  low VI (e.g., 90). h'tajoi- cl.:stet iof
VIimprover, include: polymers and eopoI%me.-s of
methac i-.Ie1e and  .,r:1y litre esters
iykne-pr-opy'ler e copolymers; Ot t E c -,fi
Copolymers, and 25 pottyisobutylene, \` improvers itrk
often hydrogcm"ted L(% il;m:ev: residual olefin.  VI
improver deriv'ativ'es nmclii:I +. it , )erStnit V
11]}'1?rover. inch contain polar I.iii tic ioalities
such as gratt"ti snt'c ^rimide gt'ou The. oe it iuhr-
ca:it 0ftOe invention has lec,s than ltl 'fi'r} ~'Tl
it it?'Ye , I c:ir '1l"l` isss  30 than 5 m"No VI
improver. In certain E l lt7l?C.lFi2ei11 fif ' ".
Aril} lelti117 +11,=i\ conLl:jr? }':'ter low levels of
VI improver, such as less than 2 N t% or less than 0.Y
s~,~",:r, pre :Ay  -15 WO 2007/118158
PCT/US2007/066080  less than 0.4 wt%, ino# L pf r ibly
less than 0.. <<<i". o of V t improver.T1he gear
lubricant may even Contain no VI improver. 5
Thickeners Tl:ic:keners, in the context o this
disclosure are oil soluble or oil miscible by ato(
irbons v itlh a Linem :ta; is.,osity at 100C greater
than 100 eSt. E xampl (~.E  thickeners are l !~ obtt#
'l n ,, high molecular wcig,ht complex ester, butyl
rubber.  10 olefin copolyn) -r , .,:_'rene dime
polymer, pt?lyltt E:1:3 r rl Ue t rettc-e tcr, nui
iiltra high viscosity 1'AO. Preferably, the thickener
has a l,.etisity at I OTC of  about 150 cSt to abort
10,000 cSt. In one embodiment the gear lubricant of
the ii~~ ratio iaas less than 2 wt% thickezner,  



15 Base Oil Distllation The separation of Fi
.cher-Tropsclt derived litactions and petiolcu:in
derived fractions  20 into various lractioits having;
characteristic b6iin t:iges is generally accomplished
by either atmospheric or vacuum distillation or by ;i
combination of atmospheric and  t acuum distillations.
As used in this disclosure, the tenar "distillate
fraction" rz ` distillate" refers to a side stream
fraction recd erctl ether from an atmo pi;eric
fractionation column or from a vacuum coiu`_s:i -,S
opposed to the "bottoms" which  25 represents the
resjd tliai htf !Ic'r bni ing traction rec; },,crc_cl
from the bottom of the coltinftit. Atmospheric illy
wise] t l?prat the lighter distillate  slis,l; as
niaphtlZi and di ~, from :i battoiaas xa~::t .an ltw~
iris, aFT  stillate. tit1 l boiling point above about
600F to abut 750F(about ? 15C to ab u396"C"),  icker
ter3 peratu es, the1mal craC'1 ina (t tiic by ri' .
lions ?~ ay take place loo t1ag 30 to fi,uilnng of the
equipment and to lower ` i ..1. k of thr' heavier
cuts. Vacuum  distillation is tvpica!ly used to
separate the boiling material, such as the  lubricatin
bas( ?)11 fractions- into different boii li tinge
guts. Fractionating the  -16 WO 2007/118158
PCT/US2007/066080  lubricating base oil into different
boiling range cuts en :bics, ' ie luhricathI1 '. base
oil  manufacturing plant to produce more than one
grade, or viscosity, of IEI ?ncating base  oil, 5 Pour
Point De r essant Th uar lubricantsof the lei ese,.t
'nv*_:ntion further comprise at least one polar point
depressant. They contain from about 0.01 to 12w,vt%
based upon the total lubricant  10 blend of a pour
point depressant. Pour point dep ; ,Sarrts are known
in the art and include, beat are riot limited to
esters of r,aleic ,inhydride-,tyrem, c l?C?1>rrzers
polymethacrylates. pulyacrylates, polyacrylainides,
condensat jr products of  halopar"a'fTin x axcc <itl.l
trn oatlc compounds, vinyl carbax lat ui piers, and
terpolyfrners of vinyl esters of fatty acids,
etlivle:ic acetate 



1 copolyrners, alkyl pihenoi formaldehyde condensation
resins, rlkyy vir:y> ethers, olefin  copolymers, and
mixtures thereof. Preferably, the pour point
depressant is  plymethacrylate, The pour point
depressant utilized in the present invention may also
be a pour  20 point depressing base oil blending
component pre pd.cd irozn: an isonierized Fi: ehe.1 t
ra is lr deri ~cd bottoms product, as described in
U.S. Patent Application  Publication so 20C5009847`,,
the contents of Which is 1rc, S_: tr incorporated by
reference in its entirety. 'i en used, the pour point
der?re^sirtg lhLrse oil b:lend rn;  component reduces
the pour point of the ii hi irunt ,leiad at feast. 3C
below the pour 2.5 point of the 1ul?Ticant blend in
the absence of the poor point do 1 i c ing base oil
blending cr_i Ipcrlcnt. 'ftc l,:}tir 3;01.3;
de,,-ressirtg base oil bir_.?nLliiicl component is an
ist?:riteii, {.:1 hteher Props h derived bottoms
product having a pour point that is at  least l higher
J,,ta the pour point of the lubricant blend comprising
the lubricant  aas oil fraction deliv ed on highly'i;
ar.ift iri, 'tax and the petroleum derived base 30 oil
Vii,c.} the blend in the absence of a pour pcnint
depressant).: or example if the target  pour point of
the l tbricant blend is -9C and the pour point of the
ltrbricartt blend in  the absence of pour point
depressant is greater i it amount a tlit: pour point
17 WO 2007/118158 PCT/US2007/066080  depressing base
caul f'_ 113 corriponentafthe invention ~vill L,,r
blended with the  lubricant blend in
sutzrcicntproportion to lower the pour point of the
blend to the target value. 5 The is inerized
Fischer-Tropsc1h derived bottoms product used to lower
the pour  -point of'the lubricant blend is usually
recovered as the bottoms from the vac?. ui"o column of
a Fischer-Tropsch operation. The average rixieCula1 ~
t i ht of 1h, pour point depressing base oil blending
component usually "il:l tal Within  tlhs -ange of from
about 600 to about 1100 vv,ith an average moleculat
weight 10 b, ti4 c - about 700 and about 10100 being p
fiery d. Typicn~ii:; , tla pour poi lit ; Sf the,
pour point depressing base oil bieudliig component
will be )e ween about -9C and  about 210C. i r t 0`,
point of the boiling range of the pour point
depressing base oil  



blending con-Poi-ii--w uruaby will be within the range
of from about 850'F and about  1050l , Pref :zably,
the pour 1)irit depressing base. oil blending
component will have 15 an average degree of branching
in the molecules between about 6.5 and about 10 alkyl
branches per 100 carbon atoms. In one embodiment, the
lubricant blend may comprise a pour point depressant
well known in the art and a pour point dep e i ing
base oil blending component. The  20 pour point
depressing base oil blending component may be an
isomerired 1 isc1her-Tropsch derived bottoms product
or an isomerized petroleum derived bottoms;  Pwdth: L
Pour points depr'esrrm-, ha c oil blending components
that are i:omerized  petroleor derived bottori';; pie
l"!C't are described iii U.S. Pafeo '\pplic':tion
Publication No. 20050247600. In Such an embodiment 1
rer r,ibly the lubricant blend 25 ' crtrapri~cs 0.05
to 15 wt% (moreprefcrahly 0.5 to () v-t` ) p,_+ rr
point depressing base  ail bl r d,r r .lY pc~fteaat
that is isomerized li i slier- f'i c,,~ c 1i dfern e.d
or petroletall  derived, buttums Product. Bright ,
ii)CI it a hip oil which is mimed .f? -he SU viscosity
30 at 2105"b. l pically petroleum cl<ri, :cl bright
sto{_l, v iP have a viscosity above 180 eSt at 40C,
preferably above 2 fl c;'St at 40C, and more
preferably ranging from  500 to I IE.i at 40C. Bright
sock derive-1-1 feet Darling crude h been found to be
-IS WO 2007/118158 PCT/US2007/066080  especially
sait,,IIDILL~ far use as the pour point dei): e . cn
Base oil blending component a_ t'  the present
invention, The bright siock should be
lhsdroisoaneri.zed and may optienadf h .Sc ' CE::
devv'axed. Bright stock prepared solely by solvent
dewax:ing has been found  to he much less effective as
a pour point do laic :ire base oil blending Component.
y t`tar lubricant Additive "I hc sear lubricants of
this invention comprise between 2 and 35 ~wt%,
preferably.  10 hy!t,vee.n 2.5 and 30 wt%, aii+_ re
pref(:rrrbly between 2.5 and 20 v rt%, of .an c\ treme
pt,e3sure (EP) gear lubricant addih\ o the gear
lubricant additives are added _,  lubricants to
prevent destructive metal-to-metal contact in the
lubrication of moving  



surfaces. While under normal e ndi.tioii trr ed' hydro
dynamic", a film of lubricant  is maintained between
the relatively rmo,, ng by lubricant 15 parameters,
and principally viscosity. Flowever, r hen load is
increased, clearance  between the is reduced, or when
speeds of rno ling sr rfaces are .;uc1a that the  film
of oil cannot hemairtained, the condyuun of "boundary
luier cation' is reached;  governed largely bye the
parameters of the- ~: ont acting surfaces. 1t still
more , e vCrc  conditions, significant destructive
Contact u-manifests itself in various fortis such as
20wear and metai fatigue as measured l)y ridging and.
pitting. It is the role of EP gear  lubricant additive
to prevent this from happening. For the most part, EP
gear lubricant  additives have been oil soluble or
easily dispersed r .s a -sieble fl .a ,ion in the oil,
and  largely have been organic compounds reacted to
contain euJltcer,halogen  (principally chlorine),
phosphorous, caiboxyl, or carboxylatesalt groups which
react: 25 with the metal surface under boundary
lubrication conditions, Stable dispersions of
hydrated alkali metal horates have :loo been fouled to
be efl-et,ui e a ; [.P tear lubricant  cdditives.
4icr,.eo n, because hydrated alkali ~~ " b+}Ia.t s are
ii-oluble in lubricant media,  30 at is necessary to
incorpor Ct 111 i'ccate as a :?tSn rsf()n all the oil
and llc? !',7 noun  dispersions are partieuulitrly
desirable The deem cc of formation of a horno=grrnous
1 ron an be orr: l.3ted to the tiro l': It -+I th oil
after Cj~ti it [Jl the hydrated 1 c T WO 2007/118158
PCT/US2007/066080  alkali metal borate with higher
tirrhiditv correlating to less homogenous In order to
facilitate formation of stick a homogenous dis r C(:,
it is conventional to  include a disl}ersani ii; such
compositions. Examples of dict,C.r a :nls include
lipophilic  surface-active ageuts 4.i.ich as aikenyl
succinimides or other cunt.'-Onluicy I Z' 5
dispersants as well as alkenyl succi rates. It is also
conventional tu employ the alkali  metal borate at
particl _ iccs of less than 1 micron in order to
facilitate the formation  the homogenou li l orsiorr.
preferred EP gear lubricant additive of this iii,
ciztion comprises an oil d i.,p: r iuii of hexagonal
boron nitride. 10 Other preferred EP gear lubi scant a
uiri c,s of this inventioncorrrprise a 



dispersed hydrated potassium b krsti. or dispersed
hydrated sodium borate composition  lia,ing a specific
degree of dehydration. The dispersed hydrated
potassium borate con positions are described in U.S.
Patent No. 6,737,387. Preferably, inthi  the dispersed
hydrated potassium borate is characterized hv <t 15
hydroxtyl:tboron ratio (01-1 :13) of from at least
1.2:1 to 2.11, and a potassium to boron  ratsu of from
shout 1:175 to !:{.2`. 'l he dispersed hydrated sodium
borate corn o::iti uiis .:rc described in U.S. f
<.lent No. 6,6 3)4,450. Preferably in this
embodiment, the dispersed hydrated sodium borate is i
haracte i7ed by a l ~'. e l:lrt5ron ratios (Oi-l:B) of
from about 0.80:1 to 1,613:1, and a sodium to boron
20 ratio of from about 1:2.75 to 1:3.25, In another
embodiment, the preferred EP -car lubricant additive
of t:ii invention comprises a combination of three
cornponenti,w'hich am t1) hydrated alkali metal
borates; (2) at least one dihydrocarhy l p< l~ .ulfide
? component comprising a mixture including no more
than 70 wt.% dihydrocarbyl trii~rlfide, more than
ilr,,citocarbtivl disult3de, and at least  30 ew`t.%
dihydroc Sri v 1 tetrassuliide or h eh s lic ly:,~il
fides: and (3) a non-ac. dic  phosphorus c :cpanent
comprising a tri.h, dtocarbyl p11i j hltc co1tn onent,
at least 90 w't.% of Which h Llhe lormula (RO b P.
where R is alkyl of 4 ,cs 24 carbon atoms  30 and at
least one dih d mcar~byE dithiopl cisphate derivative.
The prcfi:rred alkali metal  b rr a e e ,cipositions
w.herethe ratio of aolysuif des is carefully
controlled are in U.S. Patent Application No
11,1122,46 1, filed on May 4, 20115- These  , -20 WO
2007/118158 PCT/US2007/066080  preferred EP gear
lubricant additives with the combination dc.seribed
above have  superior load carrying prupezties and in
proved storage st. ~!illt_ . The lti_: is it t
additive is typically combined with other additives in
a gear  5 lubricant adti tiz ckage. A variety of other
additives can be present in the gear  lubricants of
the pres;nt invention. These additi~~ec include
.antioxidants, viscosity  index. improvers, ll>_;; ei_
Iilt' rust inhibitors, - ;u) :ih itCrs, correse n
inhibitor ;,  



other antiwear agcrnnts, dmiulsitlers, friction modi
fk.r . pear point depressat 1~ ;mda P21", Of other
well-known additives. Preferred dispersants include
the well known  10 E c~::nimide and eth,n fared
alkyipheucis and alcohols. Pat~ticularly7 preferred
additional additives are the oilnsoliihl,- ~uc,inim
des and oil-soluble ~dt ali or alkaline  earth metal
sulfonates. '01C. 4e lubricant of this invention may
also comprise other base oils, such as for 15 exan!ple
Group 1, Group II, petroleum derived Group 111, or
synthetic base oils such as  p h lph is lelins,
esters, polyglycols, polyisobutenes, and ,? lrtteci
naphthalenes. '1 he Ro Depressing Base Oil Blending
Coma aonent  20 cue embodiments of the gear lubricants
of this invention comprise a pour  point depr: sing b
e oil blending component. The pour point ucpressing
base  oil bleadi e c mmpotient is usually prepared
from the high hoilIng, fraction remaining is the
vacuum tower after distilling off the lovxr rul ing
base  25 oil fractions. It will a molecular weight of
at least 60+0. It may be2 prepared f oiii either a
Fisch r 1i p*h derived bottoms or a pe1i't?lc El.'1t
clcri\ +_I CSE Ooms.  i~ r~ average f tit".ll l_.~
~~Gtt.lFia. is 174~CfIC},~~li~lf',3"i{E'LI tCJ achieve
u`'[3rlt'Ciif'4'it~ (? , l~l1i11p in t17"; molecule
between about 5 and about 9 alkyl-branche= per 100
cai'bun atoms,  Following hy'droisuineri,u ninn the
pour point dept e.,s i;ig 1 ase oil blendiia ? is
aonei t  30 should have a pour p dint i r [,,veer,
about -20C ni rl ,i E ?u 20C, us Tally between about
10C and about 20C. The Molecular 1t'ci,l.l t and
degree of branching in the molecules are parti.cularly
cer'iticalto the :propel- practice of the invention.
X21 WO 2007/118158 PCT/US2007/066080  In ttic. case
of'Fischei-Tropsch syncnv-!. , tills r,1111- n"int
depressing base oil blending  component is prepared
from the ~ :~~ ii action that is normally a solid at
room  temperature. The waxy fraction he pi oduced
directly from the. F: c]her-Tropsch 5 synenide or it
may be prepared From the r_?ligon ertzation of lower
boilill"Y F lsti.f7:'r l t"~;?:: { der, 'Wed olefins,
Regardless of the source of tlid, Fischer Trt pscl
wax,  



it tint icontain hydrocarbons boiling above about 950F
in order to produce the  bottoms used in preparing the
pour point depressing base oil blending coomponeirt.
In  order to improve the pour point and VI, the wtie
is hydro isonierized to introduce ltd favorable brat t
lrttr4 into the m olecules. `f h l]sY drei ontcrizeel
wax will usually he sent  to a Vacuum Column where the
various distill ite base oil cuts are collected. In
the case  of Fischer-Tropsch derived base oil, these
distills e base oil, fractions my be used for  the h
'dt [ merized Fischer-Tropsch distillate base czL The
bottoms t taterial collected from the vacuum column
comprises a mixture of high boiling hydrocarbons  t
which are used to prep par the pour depressing base
oil blending component. In  addition to hyrdroisomeri
.rrti.-, i and fractionation., the waxy fraction may
undergo  Various other operations, such !'or example,
hyidrocraching, hydrotre:atin`g, and  hvdrofni ling.
The pcur point depress ag base oil blending component,
of the present  invention is not ,an ;Ad ti's e in the
riorrn.i] is--- :d-this term n ltu the at t, since it
is 20 really only ahigh boiling rase oil fraction 'Ih
pour point 1 pressing base oil blending come. ent will
have ;i pour point that is  at lc ast Y C higher than
the pour point of the fivdi oisortnerizetl Fi
cher-`I'rupsch  distillate base oil, It:has been 1bund
that when the hydroisoinerized bottoms as 5 de_eri
loci in this di closure is used to reduce the pour
r.'_ -11, of the blend, the pour  point ,l. toc blend
vo-ill be below the pour point of both Vic l(Mr ;joint
depressing baste  ci l blending component and the h)
droisoi i E.. ]-iL::d distillate l i i, t Trop rlr
;gat oil.  The.tefore, it is not necessary "to reduce
the pour point of the the tto.tf: to the target pour
po ntCattli . engine_;oil_ 3l c erii Eisl ', tl];
sctuel dd'e rce. of hydroiso nwTiz'it' Ion need not be
as high as mi ht.  other ise be expected . and the
hydroisomerizat u reactor may beopertted at lower  .
-22 WO 2007/118158 PCT/US2007/066080  rit vitia less
crat kinea ,arid lcs yield loss, It has been. found
that the bottoms Should not be over h ,rdroisorneriLed
or its ability to act aF~ a pour point depressing base



oil blending coanpoti,--nt % it i be compromised,
Aceo:rd iii f a y, aI a ; : a ire degree of  branching
in the n ,t  zl ;s o lay Fischer-Tropscb bcottoum s
,,,~uld fall within the 5 range of from about J to
about. ' .i'r A h::.iiehes per 1000 carbon atoms. A
pour paint depicssing base oil ,lal- ia,iirt#
component ':erred from a Fischer-`i:..rop ch'
feedstock v,111 have an average molecular weight
bet'av ea about 600 and about 1,100,  between about
700 and about 1,000. The kinematic viscosity, at I WC
will 10 usually fall within the range of from about 8
cSt to about 22 .St. The 10% boiling  point of the
boiling range of the bottoms typically 4, a; i hill
between about 850F and  about 1t1fS0l_ twrenerallSf,
the higher molecular G,>ci^l~t ia dlocrarboaas are
more  effective as pour point ciel,r ;Ind base oil
blending component-1 than the lower n oleeular weight
hydrocarbons, Typic=ally, the molecular F t_i4ght of
the pour point 15 depressing base oil blending
component .will be 600 or greater, Consequently,
higher  cut points in the fact. siuutian column which
result in a higher boiling bottoms  material are
usually pr tero-c'Ci when preparing tae pour l]ri de
Arcs ing base oil  blending component. The blither cut
point also has the advantage of producing a  higher
yield of the distillate. f1se oil fractions. 20 It has
also been found that by solvent dewaxing the h
ydroiscirrierized bottoms product  at a low
temperature, generally -10C: or less, the.
effectiveness of the pour point  depress In , bane oil
blendiii, caariponent may be enhanced. The waxy
product  separated daring solvent dews in from the
bottoms has been found to display 25 improved pour
point depreshing properties p a ided the branching
propertic s remain  within the limits of the
invention, The oily product rreem wrest after the sin
ent da'wa alb operation wh ile displaying, some pour
point apressing propeiae. ie- effective than the waxy
product. 30 In the cease of being petroleum-derived,
the ibat le m,:ethod of preparation is <,ssatatially
the ~atne as already l ,t r 't~~ l atv ve.
Particularly preferred for preparing a petroleum  l a3
l pour point depres d n.e base oil blending
componn.ani n- bight stock containing  23 WO
2007/118158 PCT/US2007/066080  



.a hit h wax content. Bright stock constitutes a
bottoms fraction t Bich has been highly  refined and
de\.vaxed. Bright stock is a high viscosity base oil
which is named for the  SUS is.osity at 2'10T. 1 pi
,lly petroleum derived bright stock will have a
viscosity  aboG 1:x.0 cSt at 40C> prcfcrnxh1y ib vre
250 e:St .t 4 i.', and more prefer 3ranging; 5 from :
J0 to 1100 cSt at 40"C. Bright stock derived f om
Daclitn;-, crude has found  to be for use astho p;= p~
intt depressing base oil blendiv  component olt ie
present invention. l 1 ,rock should be 11y.~:C}. i
Illy; x7e and  may optionally be solvent clr wa : d.
13ri ht prepared solely by :solvent t : tit-a izlf
has peen found to be much less effective as a pour
print depressing base oil blending  10 eorc? v)uo ~t.
The petroleum derived l c?.ur: point depressing base
oil blending component  preferably will l :z e ,3 1
.~,r..'f,r~ content of l? least about 7ti i=.wt`~ 0f,
n;or"e. preferably  at least 40 wt%, and rt.. t
preferably at icc-rst 50 t t :The boiling range of the
15 pour point depressing ba,e nil blending component
should be above about  95(:.,i The 1 t i , ilin ;
point should be -rcater than aboa 105 i"l' 4a: tl?a
lit,t pint in excess of 11501' (620C) bi iti:r
prc"ned.  The average degree of b.nmcliin) in the r 1
I c.? . s rt the petroleum derived pour  point
depressing base oil blending , ompoaent prefers bl y~
will fall within the range of 20 from about 5 to about
9 alkyl-branches , (-r- 100 carbon atoms, more
preferably from  about 6 to about S alkyl-branches per
100 carbon atoms. Specific Arxalyticall Test Methods
25 rC?okfi`l `.^:S_.^.'itics were i7Zc';su d by. AS
INI D '9 3 o Pourpoiut3 ak, re by.AS I.M 0
_595C-02-24- , WO 2007/118158 PCT/US2007/066080 11
ills The Wt% Olefins in the base oils w :f-Lis
invention is determined by proton-NMI b;  the
foll~~~~au tops, A-f: A. Prep. re a solution of 5-10%
of the test hydrocarbon in deutcrocliloroform.  B.
Acquire a nornial proton spectrum of at least 12 ppm
spectral width and  



accurately rof renc- the chemical shift (7 pnf }>:is.
The instrument must have 10 sufficient gain rag to
acquire a signal without overloading the
receiver/:ADC.   'hen a 30 pulse is applied, the
instrument most have a rltiil nium signal
digitization dynamic range of 65,000. Preferably the
dynamic range will be  260,000 or more. 15 C. Measure
the integral intensities between: 6,0-4.5 ppm (o:cfn)
2.2-1.9 ppm tally, tlie)  1,9-0.5 pptn (saturate) D.
Using the molecular weight of the test substance
determined by  ASTM D 2503, calculate: 1. The average
molecular formula of the saturated hydrocarbons.  25"
2, The average molecular fo antra of the oieIin 5 The
total integral intensity (-sun-r of all irltewgral
intensities). N 4. The integral intensity per sample h
ddna: n (=total integral/number  hydrogens in
formula).. WO 2007/118158 PCT/US2007/066080  5. The
riumbev of olefin laydrt tens (=olefin ~i< 7r ill me
:"al per  hydrogen). 6. Thenumber oldouble bonds
(=olefinhydro srrtin.es byLii=~:4'rat:If  5 ole to
formula/2).. The stfsr;, a?loins by Proton N\t R = 100
times the number of double  bonds times the number of
hydrogens in a typical olefin molecule  divicf,Hd by
the number of hydrogens in a typical test substance
The wt% olefins by proton NMMR calculation proced arc,
D, works best when the  p ercernt cale.ii s rs:sult is
low, less than about 15 wt%3. :l . t l Iilas must be
"conventic:aaaI olefins, i.e.a distributed mixtui of
those olelia.types having 15 hydrogens attached to the
double lead Ciai l one s_ic l E , ; : alpha,
vinylidene cis, tiaras,  and trisubstituted. These
olctin types will have a --tectaDle allylic in etleti
-i integral  



ratio between 1 and about 2.5), When this ratio
exceed,,,, about 3, it i.rdicates a higher  1?eri r>t
l cftri or tetra substituted olefins are present and
that different assumptions  must be made to calculate
the number of double bonds in the sample. 20 Arr
lrltirii \;e~asu n ent by HPLC-UV The m,'tllnr_i u cd
to measure ;o,, levels of rnol ,culc_''. with at least
one  25 aromatic function as the 1-J li;"ant ba'c oils
of this ?E7V fltl 1 3 uses as Hewlett Packard 1050 S
ric, Quaternary ( radie n1 1-11,.li Performance Liquid
Chromatography f 1-IPLCl :;ysterr eoulalcil A d ii II
u 1050 Diode-Array I I V-'V is  detector int ;riaced
to an IlP ('hem stauoii, 1,1'-uaii:c:ation of the
individual aromatic  classes in thL lugbly' saturated
Base oils was ii11'il: on the a i l of Lhen IH
spectr::,I 30 pattern and their' elution time, The
amino eo1 11in, uses for tlhIs u nalys's different
iati s aromatic molecules largely on the basis of it
sur ring- number (or more correctly,  double-bond
lli.laTb i Thus, the siegh.' r th ::ro "i zoc
contalnim, molecules elute ili'St. WO 2007/118158
PCT/US2007/066080  followed by the polycyclic
aromatics in order of inci{_as l d"ouble bond number
per  molecule. For aromatics with similar double bond
character, those with only alkyl  substitution on the
ring elate sooner than those with naplithenic
substitution. I"i+ CtEI-iti ~lal identification of the
vinous base o-11 aromatic hydrocarbons fi -gym their
5 UV 11 sorbaltl spectra was acc ir17 l;,laed rt,_cu
r)3111 that their peak icon )ili+  trari.,it ons were,
all red-shifted relative t the pure moAel cnnipound
analogs to a ti arc dependent on the amount ofalkyl
and na phtl cruc _ .1:b stitut on on the ring  These
athoebi: mic ibiditE-' art. l known to bee L C, deloe
lizatio a of the r -electrons in the aromatic ring.
Since few unsubstituted  10 aromatic compounds boil in
the lubricant an e, sonic degree of red-shift was
expected .and observed for all of the principle dr
onieOe groups identified.  Quaratitation of the
eluting aromatic compounds was made by integrating
chromatograms maade from v iveleil`~ths optimized for
c,1& yen era! class of  compounds Over the appropriate
retention time window for that aromatic. Retention 15,
time -window limits for each aromatic class were
determined by manually evaiuaatm  



the individual absorbance spectra of eluting
curupolinds at different times uld  assigning them to
the appnp .ate aromatic c l lss based on their qual
tats e ci ni ilarit  to model compound absorption
spectra, With f .-w exceptions,,() navy five C (asses
of  aroioetie compounds were observed in highly
saturated API 7rs pup ll and III lubricant  20 base
oils. 1-IPI.C'-UVVF Calibration 25 1 I 'TIC'-UV is
used for identifying these classes of aromatic
compounds even at very  1, s le ,cis. dialti-riaa
arc--i:-nx cs t\ l,i, aally aabscri L to 200 times
more strongly than  aromatics..!.li_,,1-'.Ubst1tution
also affected absorption by about 20%. y  l l;ercfuie,
it is important u use 1-1i LC.to separate and identi y
the various species of  aromatics and know they
absorb, Five clas-es of aromatic compounds were
iclenii ied. With to exception ofa. sn ;dl :e'.-c lap
between the zrtost lei i:lt retained all of-i any
aromatic naphthenes  -27 WO 2007/118158
PCT/US2007/066080  and the least highly retained alkyl
all of t ae aromatic compound classes were b:aselin
?'+_:zolvad, lute r itoo >?rrilts for the co-eluting
1-ring and  2-ring aromatics at 272nin were made by
the perpendicular drop method.  Wavelength dependent
response -factors for each general aromatic class were
5 first c r i~t.r:ine,d by cc~1. cti: Beer's Law plots
from pure model compound  mixtures based on the
nearest spectral peak absorbances to the substituted
aromatic  analogs. For example,
alkyl-cyclohexylbenzene molecules in base oils exhibit
ri distinct  10 peak absorbance at 272nm that
corresponds to thr sai23e (forbidden) trn ns tion
that trnsubstituted tetralin model compounds do ~i,
2'6Sn,n. `list r_ouc:<nntrati on of  alkyl-1 -ring
arorna$ic naphthenes in baseod samia.c:s was caLulated
by assuming that  its molar absorptivity response
#aetor at _ 72nin was approximately equal to
tetralill's  molar absorl twit), at 268nm , calculatW
t`rorn Beer's law plots. Weight percent 15
concentrations of aromaticswere calculated by assuming
that the average molecular  



eiglh, fur each aromatic class was approximately equal
to the average molecular  wei^tirlht for the whole hoe
oil sample. '['his calibration ni,_-thou furth-.,
improved by isolating the 1-ring aromatics  20
directly from the lubricant base: nits exhaustive
11PLC :-l,r-_,nmtography;  Calibrating. directly with
these arar otics eliminated the assumptions and
uncertainties  associated with the model compounds. As
expected, the isolatcd nrainatic sample had  a lower
response factor than the model compound beca,d -._r it
., < s sru I . highly sail itutedl.  2 _3 More :;
pccificallr', to accurately{ calibrate the l-I: LC-[
1V method, the substituted  benze r , rorazatie were
separated from the bulk of the 'u hi ~co#nt base oil
using a  Waters semi-preparative HPLC unit. 10 grams
ofsamolr: nit s diluted 1:1 iii n-hexane  ,lndl in d
;adl onto an arninl,3-'boaidcd silica column, ~} 2'
4mm ID ca-dard. 30 fulls }wed by two 25cTi nm ID
columns of 8-12 !i"rno ailEO-bonded silica  particles
rrral~~ita;;tirl~l by R i6n Instruments, C.alizomi.a_
with n-hexane  as the nioht1: l hit c }ll } li'w rate
} Irlls/ruin. L '<: ill$_ar elalf nt is fntctionaated
based  28 WO 2007/118158 PCT/US2007/066080  on the
cktc+_tci" respon c it uu a dud w$,1`Je cngth UV
detector s.t <lE. 265am and 295nm. A:ituraic LAciir s
vare coliceted unti1 the 265nm Wc,rhance showed a
change of .01 absorbance units, which si',ItLi ed the
C}Ilsc {_i 4,:1E1 ,It;ring a!omltic  eelutio-n..A
tingle ring aromatic fr:E t_o r'1 collet tend onrll
the absorbance ratio 5 between 265w-n and 295ilrn
decreased to :.0, indkAbing tdo onset of M o i Wg
aronmtie  elution. Purification and separation of the
single ring aromatic fraction was made by r~ r.,c ~I
fo rapllii the monoarom itic i> _iic tt away from The
fnictisan which. resulted from overloading the.
l-ll'l.C column. 10 This p.;r flied aromatic
"standard" showed that alkyl substitution deerca~ed.
the, molar  ahso tivity response factor by about 20%
relative to un ub tituted ttlr_ain. Con f r matioi of
Aromatiesb.y v_" _TMR  15 



The p:.-.rcent of all molecules with at least one
aromatic function in tho purified  i-nono-aromatic
standard :v rs confirmed via long-duration ca,Fon 13
NMl' and sig.  NMR was easier to calibraic than HPLC
UV because it simply measured aromatic  carbon so the
response did not depend on the class of ari.iuatics
being analyzed. The 20 I'd IP results were translated
from % aromatic carbon to arumaticmolecules (to be
consistent with 11PLC-UV and 1: 2007) by knowing that
, } . ,, of the irouaatics in  highly saturated
lubricant base oils Were single-ring aromatics. High
power, long duration and good baseline analysis wkere
needed to accurately  2a measure arornatics down to
0.2% aremattc molecules. More s1 c fcall.t, to
accurately measure low levels of all molecules with at
least one  aromatic function by NMR. the standard 1)
5_.02-91t method was modified to give a  minimum
carbon sea ;it s, iv of 501:1 (by .\ti I LI standa r:i
practice I; w+ i. "= 15-ho=ur 30 duration run on a
400-500 MHz NMMR t ith 1042 slat Ndomc probe was used.
Acorn P ifitt t`Ition software was used to doAli'.,
th" , nape of the'nas lids and  consistently irate";
rate. TI ne carrier ?ro'~~lt'ce _3 a orl !ed once
:l.i"!!1< tho i Lui to void 2 WO 2007/118158
PCT/US2007/066080  ait lasts ftt Fig ti ~a itt the
aliphatic peak into the aromatic region. By taking
spectra on either side of the carrier spectra, the
resolution was improved significantly.  5 I Ioleca_il
r orilli )sition by FIMS The lubrikart base oils of
this invention were c l.,a i i; r:ltd by 1 ielcl
Ionization  Mass ,: CT ""copy (FIMS) into alk.ane:s
and r ?ILA ul4s ,~ i ii di: : rc;ii numbers  of
tirisattrrations. The distribution oftlye inolecul:,s
in the oil fir.tctions Was ! t7 determined by FIMS.
The samples were intrr,lui <c vigil solid l rt~l~ ,
preferably  by plaeiii.'. small amount (about 0.1 rrig
of ilic base oil to be te3ted in a  SlasstiapillaF '
tube, The capillary tube was placed at the tip of a
solids probe for nod the probe was heated f,omlr about
40 to 50'C' up to 500 or  600"L it a rate between .50C
aed per minuto in a mass spectrometer operaaTT13n- 15
at about 13" torn. The mass spectromca. r was
scannedfrorn miz 40 to to/z 1000 at a  rate of 5 SLR"
l)od per dccnde 



The mass spectrometer used was a io'licroiriass J'ime
offFligh, ;response factors for  all co ripou d types
were assame to be LO, such that weight pert e dt was
deten-rdried  20 from': area percent. The aecl isred
mass Spectra were Summed LC' stir" +r 0111". avt'r
iged3 spectrum. 'f he lubricant base oils c this
invention1 n':re ch~,rac?on "ed i?v blMS iiito t
ikanes  and molecules with ttt toront numbers Of urn
atunmtiof1`. 1I1=: 11WO reliC- With.  different
numbers of tin sa turati ons may be eoi priced of
cycloj,aaaf in , olefins,  25 arid aarorriatics.
Ifaromatics were present in amt ants in the lubricant
base oil they would be identified in the FIiMS
analysis as d-E. waturations. When olefins were
present in sigiiiticamit amounts in the Iub:tieant
base oil they would  be identified in tlic t r"iI'-"~
analysis as I-unsaturations. The total of the I
-unsaturaaions.,  30 2 unsaEurations, 3I-u
noiturations, 4-trnsaturations, 5-unsatvr~ctions, and
6-unsaturations from tli.: ;{ l vl? anaLl is, minus
tlx: ivt% olefins by proton N IR, and minus the -, `t%
aromatics by IIPL.c -UV is the total percent Of tr?
31c s ui_ With cvtiloqpIir..ff riic  -at_ WO
2007/118158 PCT/US2007/066080  functionality hi the l
ht kart. base oils of this invention., Note that if
the I . ,l xati s  content Was not measured., it was
assut 3edi to be less than 0#.1 t`iU and m included in
the calculation for total weight percent i ,etc>:c t
with cyc oparafi nic lc l i1 es with S''L lopai-atf is
functionality mean any molecule that is, or contains
as  One or more : ubstitu nt a monnocyclie or a fused
inultiic 'clic saturated hydrocarbon.  group. The c
group may be optionally substituted with one or more
substiluents. tci~+~",= uu.i4'f examples ind.'11de,
but are not limited to. cyclopropyi, 10 cyclobutyl,
cyclopentyl, cyeIohex 1 c , clt::li ptyl,
decahydronaphti a3tree, oot il! '[1tY)ll`enti1lelie.,
#r~penta ecan- )fl)+' cot exane, 3,7, ! 0-tr' c`y'ch
ke u. !p Il ud~'C:~3 c. elecaliydro- l
-(axeiitadecain-6-yl)iiaplithalel e, and the like.
s,tolc;ctrlcs, with rnonueyctoparaftinic functionality
mean any molecule that is a 15 monocvctic saturated
hydrocarbon group of 3 to 7 ring carbons or any
molecule that is  u:h titutedt vitli a sill_!c m
nocy-clic saturated h:y 3r curboa group ;1 3 to 7 rii 



__u'b ?Iis. Thec1 ,a}l niinic group may be optl0;tiril
r ,,ubstituted \vith one or more  substituents.
Representative examples include, lo, t are not limited
to, o\ 7ropyl<  cy+clobutyl, s vclc perit~l, cyclohexv
1, cycl:ob pt 1, ~perrt i.? c prix a rl y !ohexane and
y0 the like. Molkculre,, y?ith inultic 1 >rataffiuI
functionality mean any molcculc that is a Rise d
nxultigcli aturated hy?rocor'hc'n iiiig grove of two
or more fusedl rinH, any  molecule that is substituted
with once or it ti,t : [ .IS ci multic relic
;saturated hydrocarbon 25 rilrcl gTOVIPS Of MO 01
11-101--l- ote fused rings, or any molec-rle that i-
.uhs?ii;rte.d with more t4 all on: nit nocyclic
Sct.L.)" t`t h1ddrocaibs'1' '?ri l p e _ t 71'11
c:arboins. 1.'b.. fused  mulltie,LIIC: Saturated
hydrocarbon ring pret~r ably is of fused ricer, The
cydol`era finic g orp t? ae be optionally Ell?
LiILited with one or more sub trtu nts.  Re bare
3'-:rtivc trrpier Include, bunt are not (united tea
decai1- lrE to rphtit fl tt, 30 naphthalene; and the
like. ,l  WO 2007/118158 PCT/US2007/066080  NM'1R
Branching Prop rti s The bra nching properties of the
base oils of the present invention was determined 5 by
anatv7ar, a sample o 1 cii a irrw carbon-13 (13C) NMR
according to the -following  ten-stci? T,iOce,S.. .eI
i _fl~ _:S cited in this de-cription of the process
provide details of  the process to-,ps. Steps I acid 2
are perfbrr i ncd only on the initial materials from a
new  process.. 10 1) ldeutif\ the CI-[ branch centtrs
mnd the C:U3 branch tetminatitari points using the
DEPT P,, lse sequence (Do-1dre<lt, TIT., Peixgx, D.T.;
Bendall, ltif.R.,  Journal of MM a ,; c fir'
)-,rconanee 1 1' -18, 323ff.'1 2) Verify the absence
of carbons initzatingmultiple branches (quaternary  15
carbons) using the APT pulse sequence (P ztt, S.I,.;
Slit- .Ivry, J.N,,; Jo rrrnal rrf agneti l < sr: trr t
1982.46 3 ff ). 3) Assig the tr-io.is branch carbon
resonances to specific branch  and lengths using
tabulated and eal olatc.wd vatf-ie Lindeman, 1, P.,.
20 Journal c~ r rlittative A r~ lytical Chetiu'_ ry
43), 1 ?1 f 245'tf Netze1, D.A., er.al., Fuel, 60,
1981, 3171). 



E-I, ples 25 Branch NMR Chemical Shift (ppm)  2-methyl
22.7  3-methyl 19.3 or 11.E  4-methyl 14..3 itetli
19.8  30 Internet ethyl 10.8  Internal propy.1 14.5 or
20,5  Actlacen; rneethyls 16.5 WO 2007/118158
PCT/US2007/066080  4), Estimate relative branching
density et tThi LIB. carbon positions by comparing the
integratedintcnsit o? the pecilic carbon of the
methyl/alkyl gro tip to the  i ity et i single carbon
t~`.1tic1 is equal to trial lat . rai dumber t?t L ii
'115  5 p:'r nie3l. u 311 the f?li1'etlil" ~, For th '
I-in tie cas.. the 2- In? -hyl brancli, where both the
terminal and the branch methyl occur at the same
resonance  position, the intensity was divided by two
b~2fore ~tunating the hranchint;  density. If the
4-methyl branch fracuori is ~<Ilc_iliated<and
tabulated, its  contribution to the 4-rriethy'ls
triust b<. suNras -wdl tli avoid tk ute_ 1a coLintmg.
10 5) t .ilcul<ite the average carbon The avci-:g
c,.irbon number may be  determined wih sufficient
accuracy ibr lubric-,int. materials by dividing the
molecular weight of the sample by 14 (the fa l iii ul,
t>lcight of CH) 15 6) The number of branches per
molecule is the stini of the branches found in  step
4. 7.} The number of alkyl branches per 100 carbon
atoms is calculated from the  number of branches per
molecule (step 6) times l00/a t 3 age carbon nurn er.
20 8) Estimate Branching lnde (HI/,, The B1 is
estimatod by s1-1 NMR Analysis  and presented as
percentage_ of methyl hydrogen (c )~.-,iniical shift
range  0.6-1.05 ppi i) among total hy loaen its
estimated by NE \1R in the liquid  



hydrocarbon composition. 9) Estiniate Bran{ lout t
proximity Oil'). I`ha BP is estimated by t NMR and
presented aspen istage of recurring?imethylerirt ca
buns which are four car more  carbons away from the
end group or a hrrnah (represented by u NMR signal at
29.9 ppm) among total ,?ri )rs as est iii4 .d by NMRin
the liquid 30 hydrocarbon ompos;ition --;  1~ WO
2007/118158 PCT/US2007/066080  1 i1}' t_':LIculat,~.
the Free Carbon Index (PCl). The FLI is exp,-essed in
units of ec benr. Counting the terminal moil I c,,, as
"one," the carbons in the F C1 are the fifth or
greater carbons from either za.s%v,aight chain
terminal methyl or from a branch uvihine carbon. Tines
between tt lie r  5 29.9 ppm and 29.6 p pm in I.,1_
carbon-13 spectrum. 'l hey a:e  measured as follows:
a. calculate the average carbon number of the
molecules in the sam1?'e ass  in sttt) 5.: b. di vidc
the total carbon- 13 integral area (chart divisions or
area by the average carbon number from step a. to
obtain the integral are~i  pei in the sttrm pl , 1 c_
measure the area between 29.x9 ppm aiid 71,U6 ppm in
the sample, and  d. d vidc ' the integral area per
carlh+'ri from stop h. to obtain PCI  (EP1052306A1).
20 Measurements can be pertbrmed using any .courier
Fransformn NMR spectromet+_r.  Preferably, the
measurements an, performed using a spectrometer having
a magnet or  7.0 T or greater. In all cases, after
verification by Mass Spectrometry, UV or an NIVI  .;
urv,c.:,r that aroi 3ati,.~ carbons were `hsert, the
spectral width for the !'C N !IR. studies  <<:,, to t
te. s,:turated carbon region, about 0-80 pi in vas.
TINIS 25 (tetiarnethylsilane). Solutions of 25-50% by
vui;-,,l...it ni chlo roforrn-d 1 were excited by  



10' pulses follow-e( hN a 1 3secondacqui iuon thu .'
In order to minimize 11011-Urdffirlll  intensity data,
the t7r{) :i l? nd proton 3m1`,'C[ e1t.l Cl 'Cr_.
1i,mi1 was used during, a  6seconddelay prior- to i
ill; excitation pulse and on du.-Ii-;g acquisition
Samples were  also do ed sb'i`.11 {l,t)? t! b,U5 M Ci4
et.mato)-chronmiium(lll)) as a Iitt ? :''n'mre 1Ei11
inteitsd.ies m c Fbst il.ed. f1utal experiment times
ranged  30 TI ie atmt>I` a, from 4 to 8 h ?r',
11hhe'11 NMRanalyFis were also carried ou using a spe
tramaae cr  I'i11`lI?+.? isl7.al r or grei3)tea. Fi-cc
ti'.L11i~I`~)il Jt'ot7?y` of 64 coaveragQd transients
WO 2007/118158 PCT/US2007/066080  were acquired,
employing a 90' excitation pulse, a r 1.1;:siFi3[3;
decay of 4 seconds, and - .uisition th vc of 1. sceo
ds. The DEPT and APT sequences were c' ;tied out
according to literature descriptions  del iauions
described in the Varian or 13iuter operating manuals,
Db'PI is  ~-`nhanceinent by Pula i zti n Transfer. The
DEF1' 45 sequen rives a t 1a1. x.;11 carbons bonded to
proton.-. DEPT 90 shows CH carbons only- DEPT 135
shows CH and CRRl; up and CHI l t) out of phase f
down}. APT is Attached Proton  Test. it allot vs all
carbons to be seen, but if CH and CI-I, arc up, the.
cliiaternaries and 10 C142 are down, The sequiences
are useful in tini eves y hranch methyl should have a
correspondu CH. And the methyl group are cleai:y
identif od by chemical shift and  phase. Boi are
described in tlhe references cited, The branching
properties of each sample were determiuch by ';C NMR
using the  ices par alfl?1?l . Correctio s  15
assumption in the calculations that the entire sanip:C
was were not ii ade for n-p~=.raftins or naphthenes,'w
icli may have been pig:, lit iii the oil  sa.nples in
raryitw, aranurts, The naphithcnes eordenirtay be
measured using field  Ioni?< iir is M ` , c tray opt
(FMS). 20 "Alkyl" means a linear saturated monovalent
h}ydrocarbcoix radical of 1. to 6 carbon atoms or a
branched saturated monovalent hydrocarbon radical of
3 to 8 carbon at ms. Preferably, the all y I branch-s
are methyl. Examples of al,' y  branches include; hi:t
are not limited to, gr ups such as methyl, etl yL
n-propyl,  isopropyl, n-butyl, isohuty 1, sec-butyl,
t.butyl, n-pentyrl, and the like. 



25 The foilovJnLr y e\arrp es arc included to further
clarify the invention but are not to be  construed ai;
s liniitanons ; on the scope of the invention. 4 WO
2007/118158 PCT/US2007/066080  E tan-i a_k l A ii\>dre
tieated cobalt based Fisc per-7.ropsc h -,vax had the
tolloWing aar ~+ _ F ti.  5 Table I PropLrtitS T -~
"t! ttl, p pm <02  1;11tli', f]]17] <6 n-para# sirs by
GC, 76.01 A ; ?tie oil, FT-7.3. was niadi the
iiydrotreatcc ll)l;?::-1i1 hied FIseher-Tropseh w x
by h drt7isoi-nerizz}tiv!) 1. ,v 3 ;il g hydrofi
:ishmg. fVdltiC1natirtg, and blending to a  viscosity
t 3rget, 11e lase oil had the properties as shown in
Table f. ll Table It  C' \ Sample :ID - .illo1
Properties F F-7-3  WW >iXos'tY t 0O0C; eS 7.336
viscosit\ lntde 165  t'ot! Pun 'C -20  t l i L t `- ~
S 1111:1 l (w ex,'), F 5 742  10 / 30 77` /855 {  50
906  /90 055/99 `s 70 z 95 01 l  



1 Rrta t1.0_' 1  22-Ring 0O{) 146  3-Ring 0.0002
4-Rine 6.Rin57 1.if'.31  Total \Vt %4 A rt`maL L ti.0
6 i')  't`i't 01 ri;,s 1.45  F IM W t`.'/ AIkaF  1
1tn-l"?irrii ion  2 to `J ns l l?rations 0 0 ..1 oval
100,0  Total wt.% Molecules ~vltlt C yslsparaffiinic
272  F1111ceiil'.l :litN, Ratio o Nlonoc1 lU) i1 8~
tli to ` idtic 'clor .r 11 ins >100  inthe qISa 1c !t.
V l s Ln(E''151 0 0)' 109  rractinrl Coe fl i oit 115
::S# 0'. 3 WO 2007/118158 PCT/US2007/066080  Exar
1p1u-_.. Three blends of gear lubricant using the
FT-7.3 were blended, with gear 1 Lubricant EP
antiwear additive packages. The ear lubricant addi
iivC p ek ges c ,nttn is: ci sult=ur. 5 phosphorus
(S/P) and a stable dish ..rsion of hydnxtcd rni:,~.l
i,ctalt LT "i l di_ives<.  combined with ot':_~r
avdr?`tines. 1'I e 2dditives use(: in nirAR and GE:.RB
v:'c:re the  same those eisc=d ii,, ci;t;1imtici 1
proldul:ii'in of (llev,ro i Dc1{.':K) Lear
Lubric:ai?ts  1.S1R The additives used in GEARC were
he same as tlio se used in corrniei'c ial  production
of Chevron Del (r) Trans Fluid ESI(r). Delcl(r) and 1
SI(r) are registered 10 trademarks of Chevron
Corporation, The l~~rn1i i { ces of these three gear
lubricant  blends ifs: summarized in Table 111. Table
Ill Cr Tt3 c:Ji)~t t )Gt GEARA (LARd~ cY -'KIEL:  



ai.?  `I' ;l. I3 a1 it FT A-1-Ative 650 6.50 4 1[ f1
t161 4 15  {_ i tug Lei J it ek i 5{) ' _.... is 1'")
512  MIA F oi 13 "pint Depressant fi_ Tif 0.''0 0.80
r-- 0,08 0.04 0-60  i &. 'rr ion lnhibitcir .:
Aitfi'lb_fii A vent 0.0" 0.02 0.01  D{s ..r
ankld7etct0,00 0.24 0 00 - - --- - -- - ----
:1llll[?xid lilt U )O 0 15  r Eutil 101) .51 1[1l}.l)Q
lWOO Tce 1 `1 1 d +_ S . 3t Ill1}i 1 ,T1t 3.E1G']ryit'
: ' .3 i}~ .`'[ r{a iroinatic,'; :> 49.7h 11 c 1 4 U.
'iil St 1.t i? t1 and 3C+_t,.~y ~c 1T]~~18'~tl{:.
~itial illCldt~3C 1~t}iiki3 tin 1 Iy3n ii0raliltV iii
mciii'Cci ' ii rnulnc4clopa.'a;tinic.  f[inct}r n
dity> 12' 15 C itgo Bright Stock 150 is >etroleturn
derived Group I bright produced by  lv'ent dewaxin .
The properties of there tide: di f rant gear lubricant
blend: are shown in Table 1V:  20 :a 7 WO 2007/118158
PCT/US2007/066080  Table TV Plo-ties + 3 t \Rr;
GLARt-3 Cal \1 CC  -- ~'OIN 90 -140 RIN-00 5 NY 



it:- ii;to- ( c,`} l 1.111 2532 p Y 1  Blt l*I i< z; l
T cl.iicl 'a' iscc its, f t1> z t,f` 35650  l arii
Set11 ON 0'0 0/0  Seq 11 0/0 0/0 10/0  SO 111 0/0 o/0
0/0  Cu Stria Co rrosl ;!i@ 100,C for 3 flours 7 2C 1
t  E~>osit.e -1~6~ i' 3 ilf~a ,after 20 \"wveeks at /0
210 2/0 4tor E . tit itji li Ey after'0 U'er:14--I,l
66"Ca 2/2 k/0 2/1  -26  -2 6 -12 -- --- 11 2199  1408
2498  ,art ,1 f;i ld Ratio c p xC; one F ...... y /83
1419.9 118?  GEAR:A and GE ARB are excellent gear
lribricants for all types cf Momurti ve and 5
industrial 1Ff ;'!"II1 ' Etnd gears. [hey= are
sutt,-?hn tr top -off of I)-n!%C Ali iitlferentials
They meet the [~ :.ltsei._!)!e?its for the
750,000-mils exta 1cd tvan,-inty pro-ram in
Dana/Spicer axles. GGLAR also meets the requirements
for extended service in  Mentor axles for 500,00 rile
oil di-air-s, GI"ARC is ideally suited for 1 -.av duty
rnuitial tlansrnissions for Eaton's 750,(x00-mile 10
extended warranty program for transmission fluids.
GEARL, CJ~AR13,an and GEAR are re example-, of the
gear lubricants of this invention  with very v, Brook
ficlc ri ti1 :itir relative to their kinematic
viscosities.. All three of  them have a Brookfield R;
t:o ratio of Brookfield Viscosity at 13, in 'C'
divided by the 15 kinematic viscosity at 100-C) tlf.in
or equal to an ~.:fiotllitdefined by the equatioil,  



Brookfield Ratio ;:: 613 x ei-c 0 fhei iotii ratit,s
cc t_ SI1-p 'siII~ Cs i;;;eungthattht=~' ait-d
,S1v'filticantunix nhs 20 of Citgo Bright Stock 150
and no iscosity index improver- ckltLionally all
threw. of  38 WO 2007/118158 PCT/US2007/066080  lit
:c:111mI Ig, and good copper strip corrosion  ti; :-
its showed good tota e stability, results.
Surprisingly, no viscosity index improver Was used in
arty of these examples.  G?:'\ .A mid. GEARC both had
more than 12 wt% of the, base oil, based on the weight
5 of the total gear lubricant, having the more desired
properties: o'. 't  al less than 0.06 b) gr itei- than
20 tvt% total moleL alc s tj'iil"E rc ft p;7i;3f0nic
Ctui tionalit , '.r(  ltd c a ratio of mok'I-ACs with
roc n c yelop tr }tip Ei functionality to molecules
with  inulticy'clopairallinic fun,~tauriaiitti'
_'i''--aate'than 12. ` hese exampic1' \\oeId have had
even better properties if they had been blended with a
15 base oil having less than 0.5 wt% olefins; aid w
itli a bright stock that is also a pour  point
reducing blending compOttent. Exan-i at: 3 20 Three
comparative blends were made using conveofional Group
11 base oils, using the  same :gear luibrictmt
additive packages as the ble cis dl!-Ierihed in
Example 2. Th-e  formulations of these comparison
blends are suni~n~.ri ;~rl in Table V. WO 2007/118158
PCT/US2007/066080  Table V 1...  Component, Wt, d
Comp, Comp, i 1_,ATM (FARY-: I G' Al F  l} I'S`1 -1 L1
SL O racle LEON- 90 8.5%t 



S/P & Borate LP !Additive b. _ ^2 6 sl' . _a0  C ievrc
It nflOR 78:18 16,74 75.71  gtrga: E tt?lat S pelt 150
14 b2. /6.16 17_5 3  Pf l \ PPO I} F[ E! 130 0. Su  :
z1 Ir7laii i r Il.tlu t'. 0.60  Antik-,im A~oii OAK,
0,01 0.00 0.'4 0.10  fr1n1 illl k 0, 0.00 0.1  1 ,t l
100.00 fy.i)0 100.00  Tota W[ [ E,t if . hrE.rii1t H.
t t1;g, <0 06 v l% 0 0 0 roil, ri; 2 ~l`' To .l n
,ILct1[e, ~~i ; cyciopar ffinic 1131 -ti ~Itulityn and
a fall'. "?1' nialacules with rte Iu; y::l.alattratft
tic f ~liiii rE:;liiy to n : olecv1 s with  u. ftI
cl,;;~itt (firlie ,t,ii [i na,lltw > 12. Note that
Citgo Bright Stock 150 is a Group I base oil 1m int
;T1 a er than 25 wt%  5 aromatics and a V1 lass than
100. The properties of these three different
comparative gear lubricant blends are shown in
Thble:. "VI. -40 WO 2007/118158 PCT/US2007/066080
Table Vi properties comp, p. Ct ~n~ ci ,,~;p:  FA 1p;7
6f - \P1. G A F  ----- . _ SAE uuflidc ki11`9
1j11'-140 SS1W - 0  at _.._---... - - i;, -s `~2' 4 _
I00'C : cSt B o f_ii1t1 E; c)sity, P, 3;177300  I'rc r
l elc'i Viccsit`; cl, U 1 



-- - - ---- - --------- ----------------- - - 1= o~ an
Sc.1I 0/0 0/0 0/0  S"1 11 1 0/0 t /0 35/0  ~~~~1 1[l '
010, 0.O 0/0  Cu Strip Corrosion -1?l00"C for 3 Hours
l f3 2L 113  a t J ~ * -i,yb,.,t , 1t i ,n" .t 0. 21)
Weeks, at Roam 1~xal~CVri! It _l:tc `1inr4 at ?10 2/0
2/0  t~ a; tr3lailit} after 71i 'e,,',;, t66-1c, I iol
uJ St i i Tae t 2/1 2/2 4/1 6 1 6  - - --------------
Brookfield Ratio 4575 + 4  1 i 613 37811.3 9 3  Thes
comparative b ods rii ado ia.sln,, difls_rent base
oils did not have the tl ire l low  Brookficld
viscosity?relativ to the l.ine:a atic viscw ity
oftlaegear lubricants of this  invention. All of theca
had a Brookfield Ratio (ratio of Brookfield Viscosity
at j3, in li k ed l t1a l:i:~cr:iatic viscosity at i 0
1"t:} reate-r than an amount defined by.  "C , . 1ve
the, e cation: 10 fta,~._l:.li lc Ratio=613:s
e-C0Yxfey  None of them contaained any oftlae
preferred base oil with:  a') less Chan 0_06 w:%
aromatics, 15 b) cje t r fl ,ail ',t) tol"a111301
crtlts lfl i, .01iF'dCtTi'tIl .?'ilC l 13Z ;~1 '.
<I,li c) a ratio of molecules with monocycloparaffinic
th nctionality- to molecules "Oth nlultlcyclopar
f1:nic: fun rlClnaiitygreatertl.an :2  



-41  WO 2007/118158 PCT/US2007/066080  F,x arrapl Five
base oils,, FT-4.1 F"l`-4.', FT-7,9, FT-8.0 and
FT-1:}, made from the. Sage:  S FT wax described in
Example 1 ; T'l e processes used to make the base o
iiswvere ii, to a  h\r droisomerization de\\-axing,
hycdroinishing, fractionating, ar: 6_cr,6 vtsc.vs v
taiget. FT-16 w~s4a vac a ara distillation bottoms
product. Hvclrof1nixhin was  .lro],rc to t greater
extent base I~it lll~.'e ~o15, slacla that th oli'zrm
were effectively eliminai,-d. A. sixth base oil,
FT-2.4, was made :frora I li4 cret e,',, ~_d' Co-based
FT -kvax  10 having less than 0.2ppm nitrogen, le s
tlia; 6 ri mT7 sulfur and a w M of'n-oaratfin by  GC
of 76.01. The 1,.1.-24 base oil sl aS r, sac h . to ,
~lr ,x .~7.rr~ is rtit~ri dewiaxing  hydrofinishing,
fractionating, and selection of a heavy bottoms
product having a  kinematic viscosity at I00" C
greater than 20 cSt and a `1'10 boiling print
gieiatea- ti ara  1000 `F. `me s". ~i~fi teat ~tase
oils had 0y- prop rtics as shown in "i'able. VII -42
WO 2007/118158 PCT/US2007/066080  I-N 16 f-4 r,4  71
Wc>  cr, "T t i 00 rft un  C5  c 'r `~~ C I t r T~ C-A
[I 7 Lry C Z C`7 C,; i oll r. CaG.  r"I i v t w C'1, 3
C) -" h1 F-.. t z "l Y "'"' GC' r, et c 



a ra rn r r ", S f r .  I~ ` ago E `^ r ? Y2 - oo T eV
T  i C.i tw ,rte ...... . ..-, c c r b E  rN C)" c~
yr n n r x  t` n t> ? e a'< 46  71 LL,  2' EiZ  7-1 x,
Y V 1 ; 7  - ---------- -- WO 2007/118158
PCT/US2007/066080  FT- .1, FT-13, FU 6, and :l'Y24 are
bile Oils Win ; a) less than 0'.5:3 '.'r t% aromatics;
5 b) greater than 20 A,t%a total molecules,xitl c vcl
oparaf nic functional t F, and a ratio of molecules WE
oriecycloparaffinie .functionality to molecules with
irulticz c loparaff;nic functicn.:lit), greater than
12 F'r-7.9 and FT-S. although  having < <'h `v'I and
total "eight percent molecules with cycloptuiffl iic
10 functional tc, did not have a rain of ;r]o cculcs
with monocyclop;1.1-actlinic  functionality to
molecules xith muficycioparaffinicfunctionality:
greater than  12. FT--16 and FT-24 are. al t pi -u.r
point depress iur r,,i ,)ill blending  



components prepared &I-n. an isorrierized
Fischer-Trol,.se li derived bottoms  prod rc`t. FM 1,
FT-4.3 and ,F'T'-7.9 had pour points such that the
ratio of pour 15 p lint, in 'Q to the kinematic
viscosity at 100% in c : i, -vas greater than a
l3awe. Oil Pour Factor, where tine Base Oil Pour
Factor is defined by the  oration: Ba.,. i= ail Pour
Factor -7.35 x L.n(Kinenc,itic t; iscosity at 100""(7)
-18  20 All of these base oil fractions also had
traction coefficients less thou Q.023 when  measured
at 1'a c_St and at a We to roll ratio of 40.'%. ri
risin the FT-T9, FT-16  and F024 base oils had
traction less than 0.017. I IQs had an esl,&ll ~  log
tracti,~n ccc fficient of less than ON 11. The
lubricant base oils having a traction 25 coin'li i n
lass W n MI are e;;amp1cs Maw AN that "ould be
especially u ielctl in  gear hd r:cants to we energy
'dT.i17i S of t'i,:i t,ilii?4<.it. ttl]tr ti.r
niiiCz3Jlt an '  saz Igs Mtl lre acl imed:are heavy
duty near IiubrK ants, FP ,~-ar I ihricarats, and \
'ormg sir- lubricants. -44 WO 2007/118158
PCT/US2007/066080  Six blends of Si E + SW-90 gear
lubricant ; ntt' blended with different ~uinb nations
of  the base o ls desc! iL-+eJ in l \arplc 4. The turn
ulatioifs oFthes: its 17ear lubricants are  5 SUIRm
arized in Table Vii, Table NIII Compoik n' '~t [6 GI
\1~C GEARU G1;ARJ1 61-- Rk t 3I..1i'I Gl ltlrl  SAL
Grade 75,W--90 75 ,1-90 75W 75W-90 7, A-90 75W-90  E i
90  G ,at- I d r'innt \cniiiv _. 50.10 5 0 0 50-0 50.0
50.0 50.0  Pad;1 t ll S/ .E t ear dditiv _ _ m 31,
1.t)  il"-4.1 0.0 0.0 0 '0 =35.0 



FT--.. 14 8 363 31' . t; 0.0 0.0 0.0  FT-- c? 00 00 00
150 185 0.0  0 0 0,0  a l - 15.;,+ 12.3 0.0 1'T'-Io
0.0 i:5 3 0 0.0 01.0 G.0  Total 100 01 It 0.0 10O.0
100,0 100.0:00 0  Total \\'t'ro of gear lubricant 34.E
??. 408 35.11 1.5 30 0  having: <0.06 wtfi aromatics,
> A m% total  molecules with  cyclOpariuffiuic
fU11GtiL~1i 3~it~, and a i'aflo of m lu 'tiles with
~~r+r, aiatfiii i:L J~1Ion,`rliayto mo1ecu r  E with
rrnkrcycloparalfi c  >> t=t,r -slit 12 L  TO l`lie
properties of these six Miff: rent gear lubricant
blends are showii in Table VIII.  45 WO 2007/118158
PCT/US2007/066080  Table V111 P3openy GEARG GIAR1'1 G1
ARJ CL ARK f 1 ARL tai 1RM  SAL Crack: 75W-)0 75W-910
, 5NV-90 7 1'x-90 75W-90  Viscosity at 100'C = 1 ~ 87
14.88 14.:84 1 1.:.8 1 t i 14.82  Cst Visciosit ylndex
36 156 ij t56 1 18 l _ 7 15,7 F Brookfield Viscosity i
i'.2cw 112-120 113000 103000 11 7SEt0 128000  at
,20"C, cP E Pii1r c ii7t. -47 _ _44 -47 ..1155 -44 s ?
{] ? 0 ; I1 {; 40 -40  



1211 i  13rec~l ;as: r1 t 4, 1180 7542 ?6i ! 3 80 S 86
~" E 1  : ;i.1 ? x ri 10081 10081 1100081 1 O1P 1
10081 10081  Note that the oil that l a-d Ole highest.
Brookfield Ra:io (which is less desired) was 5 OBARAl
. Of these s:i~ plm . GEARM also had the lo-west total
weight percent of base  oil having: t less that: wt%
aroi mtics, 10 h) greater than 20 GN t% total
molecules with .y eiopara'1Iinic 1' nctE !aality, and
c) a ratio of mo1euukc with m 'i~ oyc1 ! f']tl3i).li
functionality to molecules with  ta71i!tieyelt}1 <arti
fii:zc #aalleti laalit '' ; reatc t' '11 12. The
blends additionally mg a 1eur plaint depressing base
oil blending component prepared  15 i ron lm a1 t i
Lcher-+I ropseh derived bottoms prop uct ( t AW I and
GE \1 ha i h u,, t l3i okf`ield Ratios than. GE RG
teach did not contain an V,  211 P"Io cofnparatr HRH
antis of SAE 75W-90 gear'.lubrit'iimts were attcmptc-d
to be rude  USMP Ilae a<un h cts, oik tas used in
Example ?, r-wi1dt1oni of those com pl mt,\ C  gc :tm'
lubricant bl n h are summarized in Table IX - 46 WO
2007/118158 PCT/US2007/066080  Tall,;:- IX -
---------- - --- Cc~3t~ r I~t it: art P 'c'u;'( ,!'N
GE. P SAE Grade 73\\'`-O0 75W-90 G c:i' ,111iEC:liii
'lli' #t#t'{ t~`s1 h1 C ?; . I= 17 ii ti 1_1<l7fl
;1#?t 301J 5 0 Addet# dee 1 I.a 26.71 I'S7  -
------------ -`'` I i ~t~?.'i i s(1.0  otal \ t~,~~ ~1
#r I[IN ,, #;-1t h > ::O.06 ~vt",{% arurat1Ls, > 20 2
. ? 18.7  ~.t t~ital Hikd~l~_C 1 k v~rlil} c /G < h
ii?1 1,RIC function<atity and a ratio filhluLtlles
v"11-11 IiI d as t _;17+1 1I,1 L' functionalil~,, to
molecules  With 1Yil.Ilt l: ID 7 t!' tl in1G ,
lh[IcbihcditY > 121. The properties o` lies . t~vL?
coml-7ar five `car lubricant blends are shown in T akl
X.  



ti Table X 'r I n s _ t o p. {'i t',AKN-- Corm: i 11
ARl  1ct,'tal S\L U:ids 15.64 I5.1  ,c~sitw 13Edcx
--,'IO'C, c.P I ( 4 --h)0  `t5 k~l li,tti, tt 1`4 lJit
t~ 26'C, cP 12 U 11 0  Pour Poi It, C 42 O[ i ~6m
ltiootti~ ik Ratio X.4 613 3) ~81 3793.3 ------------
Because neither of these blc:n ,, achieved n In ,;
.i,i1z m >; 150;000 cP at -40C tl~t.y (lid  10 not t
see t tlhc - czt r ri for 75W-90 gear lubricants.
Instead, they were 80 `_9t) gearlubtiicants. Altliou`
h both the L~ompztratl ve gear lubricants in Table 3<
were made  using the same bas,- oils as the blends ii:
F. an]ple 5, and had simi ar high L?'E ct ti: `,'
indexes, they did. not have the excellent lo:v Broo
i'#eld Ratio of the preferred gear  lubric'nts ofthis
invention. Note that both of there core parative
blends contained a 1 5 higher amount of base oil
(reater than .22 v. t o' P T-8) having: a
a={1L#enntial number  of carbon atoms, less than 40
wt%!t% total molecule's with cvclfopa#ia11i?ti,c
functionality,  and a l', o -' DlltlC'.C>S#1t s with
1J Ioiii? ~~E?t3r3 l`ftiniiy l5onci;oi3 _iltto to
molecules with .47,. WO 2007/118158 PCT/US2007/066080
?attic It iJar4tll, 3AU functionality less than 12.
FT-8 had a lower VI than some of the  other base oils
useful in this inventio . Example 7  S A base oil was
prepared by hyd oi"-on,tri t ~~n de"Mr' n`_ 51,:'50
mix of Luxco 160  petroleum-based wax and Mt,t- r e -,
.;Iuinger C80 Fe-based FT wax. The  hydroisoi-ierized
product was hydro'Iinished and fractionated by vacuum
distillatit nT.  



A. distillate inaction ',vas selected having the
properties. described in Table XL 1 10 Table  4?t1111
t' e3'IE ti i r 3  0 t. St: }.7417Ei~ In4ul. 162
t'njnt f l a  Pour l }t7l 4,'t % Arolnatics 0,0168
Wt-/`+6 Olefins 0.0  FIMS,Wtr% Alkanes 583  1 Unsatxir
tions 34.4  2- to 6- Unsaturations 7. Total i 00.0
Total :vt6 M_ ltculeswithCycleparaffini ,
un,.Aionality 41.7  Ratio of h~i 7i?C4 1) i3affi s to
,Multic E [i -d ,7  Oxi 3tot BN hcui.; 45.42  ----- :
in the ,ttiati. 1 l = Ln(VlS ) 0O) X 1052 _  Traction
t oeffic.tcaat at 3 , St <t7 1321  FT-7.6 is an
c.>.ainple of a base oil i iade from waxy t eJ having
a V1 greater than an  l amount defined by the
equation: VI = 28x Ln;riiicmatii. ti ' 60>) + 105.  It
also has a very low tractr n ffic tent. 20 48  



WO 2007/118158 PCT/US2007/066080  Three el,iicrn_nt
blends of multigrade automotive c it ii; }t .c. xi?t
vTti-re blended with  either the FT-7.6 detailed in
ca:tmple 7, or with FAO, The formulations of these
three  gear labricant:s are, st:t7~rt " L e i in Table
XI`l. Table XI I t',1 t11 R GEAR T  Q t ~ttn e rttttt
i `fl a t.otxtp GEAR 1 SA1 ;r,.cl 5 75W--Q0 kV 9 }
75W-90  Clear f tihzl ntt \dditivc l`tcka" c With Nia
7,96 7.96 7.96  Borate EP ti ti- Adoiti~ (~. 61.74 0
it  Pf, IOU uSt 30.30 24,06 0  2, 0 r E GE uBitgit
Stock 150 0 FT-7.6 0 67-98 39 On  I otal T 1 0 0 100.0
10C).0  ElID film thickness data was obtained with an
EHL Ultra Thin Film kleasurement  System from PCS
Instruments, LTD. y Jeasurcments were made it I.
O"t.', utilizing a 10 polished 19 runt dian'icter ball
(SAE AIS1 52100 steel) -freely rotating on a flat
glass  disk e t+ l vitl_ twin"1;ur rats ;tc. pacer
layer 1---500am thi l ] and semi-r'~ fl eetive  cl7s
{a,~~lt m I :s r. r. I h load on the hall/disk %,i 20N
resttltin in an estirt ate average  contact st css "f
(-).)'.)3 OPa and a maxim u#ri contact stress of 0.500
CPa. The glass  disk was rotated at 3 meters/sec at a
slide to roll ratio of 0% with respect to the steel 15
ball. Film tl ickness nieasctr s Sts ~}. ere' based on
ultmathixn film interterotmt irv itsin  white light,
The optical film thicl<,.ness -values ti e.e
converted. to real film thickness  valu' frotri t1 w
teFr2c`ive indices of the oils as measured by a
conventional Abbe t itz:ct tT?"ter at 120"C. 20 Table
XHI t tc Lubricant prop~rties Ccotxm t- t~ c) ~; t t
itiC t r F : 1 T  



27 1, ?-1  V iti :i ttj .fit S < I"L tilt 14.`5 14.27
t iscos1t'r ]t3d t I 160 1 LI II Fifini I Oi ,kmss
tine el 3 0{ tid -) ills i.__ 6 1279 [ 148.7  iuc1_rit
.:.,'thy  Note that the addition of the. FT-7,u bas :
oil improv,-d: tH 21m automotive gear lell,: icaIn)ts
compared to the blend having only PAt).  2 5 -49 WO
2007/118158 PCT/US2007/066080  Thrt:c bias::, oils
that had to tt ion i.e[ l_:tcnt. made according t >
tha ,cachin s to  applic.if,ts' eat:licr patent a
rVlt4:Ettions are shos1-t1 in Table X1\'; FT-7., 'vas
disclosed 5 in US. Patent Application Publication
Nor,. 20"50133408 and 20050241990. FT-14  and F`1'-16
were disclosed in patent t p;i atir :; I 1'-")Q)636,,
filed December 7, 2005.  Table XLV { __tt,r k
Pruper1Fe FT 7.95 FT 14 FT-16  at: l Ot~c ;'; 7,953
16:=18  yi c ltd ' 165 157 11  Pour Polltt, C' -12 b
.-1  ASI'M 12 ,~' aI 1DIST (Wt /a), I 50 919 1045 1072
Total V4't 1/o Aromatic 0.0058 0.011=4 W t% 01:'titl
0,5 3.I r 0.12  F1MS, WtU Thaat1tt;tons >10 40.2 38.1
2- to 6 L i:-, ttirati0nc s2 0 8 0A  i s : ,1 11c cuts
ti ii c';3 1 i # 1~ 1 til.ctiorlalit r >10 37.63 38A
Ratio olP,tt Eocycl~31 ~ E a1~#t 3 : to 5 ; - 95  i~
It_l t~ .In~~; r tffit~s -lours Not t;:,"tcd 18.89
=12.9  



X in the Ott ~. oil: ' I '`4 . Ln(v V5100) + A 166 .9
70 5  Alkyl-brancf e~, 1.I 10tt :a~Itt E by MAR 7.`?1
8 9.41 ..: T'r c.l ti rt' 't>ett c ^t at I ,~,St t2
017 ?l [ t 35 <0,021  ....... _.___" I. I; '1,v1i 1t
;annLhing Jran...Omi' Index 22,68 21.08 L:1.'
I3rtlncl.ir I't~:imit -- ` 23.49 24I.I1 I~,.O7  10
Note'tltat neither T--7,95 ;,FT-14, nor FT" 16 had the
preferred conibination of t  traction coefl rih nit
less it an 13.01 lattd a 50 wt% bni in point b A' `1'M
1  greatet-11ttin 5'S2L 0080"F) oifonu of the
e~nt~fr::iE'.i tat, of tlti 15 iiti rt. 15 fill or the
i ublirrttions, pate=it5 ajid patent a1~111=ca ions
cited in this applic ttion are  i.crcin inc<E11_?t= l:
t Ict' nce in their emir .t ;' t~ the same extent a..
i t!~ : di ac losure  tat a co t-reblication patent
[lppIic t Lln or patient was sp ei.11eal1' and
lt3diL'1 11 I4'.iilill:aLi to be incorporated b refeie
c,e in Its entirety'.  50 WO 2007/118158
PCT/US2007/066080  I ianv tic; xifications saf the
exemplary embodiments of the invention disclosed T{
ove  will iitadLiY Oc.~ rto those skilled in &,c-art,
..\c;?IdiTv;ly, tl?G u ition is to I C01ISM10. 111:f n
is hiding all structiir : and me-khod:s that fall.
within the scope of the  appended CIa ms. -'5l WO
2007/118158 PCT/US2007/066080  W HAT IS C'LAIME IS: 1.
A multigraa<. automotive gear lui c :ant, snipri ; 5
a.. between 5 and 95 wt% of a base oil, made from a
wa: y feed, having a  trtidi;+,i ,voefflcient less
than 0.021 when measured at a kinematic  visco6it of
15 cSt and at a slide to roll ratio of 40 n. b, less
than 2 wt% viscosity i "ide-, 2; :P -over or other t
s:ci ,er; anti  10 



c. an EP rc.ir lubricant additive. 2 The gear
lubricant of claim wherein the gear lubricant has;  15
i. a ldnerr itic viscosity at i ()Oct greater than 10
cSt, and. ii. a ratio c&Brookfield viscosity in  P r
easurod at ten perature ri in C,  to tk-oe
I:iriet.iaoc vi cosit:y at 1t?ii"C less than in
amotirit defined by the  equation: Bi'ou-Held Ratio `;
1 ; z~ t-o.o7 G3:r, and ,vherein (3'- -40 when v, the
tea lubricant i an SAE -26 when the gear lubricant  is
i SAE 80W `r :, and f3 = -12 ,'hen the gear
lubtic.attt is an SAE  854 XX, The gear lubricant of
claim 1, wherein the pour point of the base oil has a
ratio of pour point, in C, to the kinematic ivcovity
at 100"C, in cSt., ,greater than -i Bare Oil Pour
Factor. v here the Base Oil Pour Factor is defined  by
the ,C_1ianoti' l;,_ist, t.MilPour l clc:t{_J1 - 7.5"?
\1.'I(~':J3t'onlatiL Viscosity at.  100C) -I,~. 30 4,
The: scar lubricant of claimm 2 i;.here'n * e
kinematic viscosity at 100 C is  greater than l 3 cSt.
5?. WO 2007/118158 PCT/US2007/066080  5. The gear
lubricant of claim , ,vl kinematic viscosity at 100C
is  greater than 20 eSt. 6. The gear lubricant of
claim 1, wherein the gear lubricant has an LEI-ID
film.  t-aa l n{ 're ter than 125 manometers when
measured at 120'C and The gear lubricant of claim 1,
wherein t} e L car lubricant is a transmission  fluid,
an arils lubricant, or a diffci nti =.flieid. 8. The
gear lubricant of claim 1. additionally cost pr-isin
one or more additional  base oils selected from the it
e.- p of C Grrota1 1, 'src ip II petroleum derived
Group 111, nolvalpi aolelir!, Ls` r, poly'gl.yvol, p.
l\ i o?-t tease, and alkylated  naphthalene. 15 0 Th
-car lubricant of d inrn I_ ditiona1.1 ' comprising a
puler point ih..eiQ;ISii  



base oil blendinw-, component pre-pared from an
isomenzed bottoms prduct  having a pr ur point at
leastfllrc . It ;ic tai litir than a-pour poiait: of
all  isomerized distiliai.e_traction also present in
the gear lublicaril. 20 10. The gear lubricant of
claim. 9, 'Y vhereiii the pour point dcprs.~JIrtg base
oil  blending Component a so has a traction c hcieirt
less than P3 21 when  measured at a kinematuc
Viscosity of ! 1 ci t and ai a Slide to r6 1. ratio of
40%25 11. Tte gear lubricant cal claim 1, whc in the
base oil, made from a wax ffcd  has Iess than 0.5 wt%
olefins. 12. 'I lee gear lubricant of claim 1, wherein
the waxy teed is Fischer-[' ['rt pscli  30 :53 WO
2007/118158 PCT/US2007/066080  l3. A a etliod fra
using a gear lubricant. corrtprising ra. blending a,
multigrade gear lubr-icaii'_ by tufting between 5 to
95 \'t%,  based on the total gear lubricant, of a
lubricating base oil having a  traction coefficient
less than 0.0' ~ ' ?en measu e 1 at a kinematic iSe
asit of 15 cSt and a slide to roll ratio of 401,: ;
and  b. th ! ` ?car lubri._ant in an axli or
differential. 10 14. the im thod of claim 13; Therein
the, gear lubricant has a kinernatic viscosity  at
100C. greater than 10 eSt. 15- The method of clai-n
I3, wherein the gear lubricant has an El-ID film
thickness  greater than 125 nanometers when measured
at 120C and 3 meters/sec, 15 16. The method of claim 1
,31, ,v1 erein the lubricating base oil is made from a
feed. 17. The method c d lciim 16, wherein the waxy
feed. is Fischer-Tropstch derived.  20 18, The method
of claim 13, wherein the l i iIicatir base oil has a
ratio of pour  point, in 'C, to a kinematic 100"t.<',
ir_ e t, i re at . than, a Base Oil  Pour Factor,
where the iasa Oil Pour Factor is dcfim:,d he he
equation; Biasc  



Oil Pour Factor =- 7.35 x Ln(Kinematic Viscosity at
100",C) -18. 25 10: The method of claim 13,
additionally in ludinbleI dint the r~ ar lubricant by
g  tddit onll' adding bet` n 0.5 and 15, t': tL",' u
of the total ear lubricant (if a  pour point
riroresssing base oil blendiQ coI_,k-~Caneiat made
from an isomeTiletl  bottoms product. 3t 54 WO
2007/118158 PCT/US2007/066080  20. The, ix ethod of
claim 1 a, additionally including blending the gear
lubricant by additionally adding less than 10 wt% of
the total gear lubricant of a viscosity  index
ianprov'er. 5 21. The method of claim 13, wherein the
traction coefficient is lass than 0.017- 22, A.
process teemmaking an energy saving automotive gear
lubricant, comprising: t a. lh' 1ri.:lsniucr?"ng a
waxy teed in an ist3iner ization zone in the pfnen e
10 a hydroisonwi"'z'ati0n catalyst l nd li1'Cllugwi
underple-selected conditions determined to provide a
hydroisomerized base oil product;  b. distilling the
hydaroi soanerized base oil product -rCO, \ erc'd from
the  isornerizat.ion zone under distillation
conditions pre-~electe T to collect 15 an energy
saving base oil product l'1ia1acterized by having a 1T
c ion coefcic_zut h, s thau 0.021 Mai measured at 15
:St and at a slide to  poll ratio 4u90 c. blending the
energy saving base oil product with 4I: FP gear ,20
lubricant additive to make the energy saving gear
lubricant; wherein  the energy saving gear lubricant
has a l.inenatic viscosity at 100C  greater than 100 c
St, 23, The process of claim 22, wherein the waxy feed
is Fischer-Tropsch derived.  25 



24. IV process of A% 22. .:J it.t;1 ai.', in
ludmil'r'. ~?~rUclla; the e'ier ;\ L,:aving  base oil
product with less than 2wt%, based on the total energy
saving  ai?io?]. ptive gear lubricant, of a viscosity
indr.' tint j't u`\ CI 0 2:5. The process of claim 22,
wherein the traction coefficient is less than 0.01'7.
WO 2007/118158 PCT/US2007/066080  26. The process of
claim 22, whereinthc crie rg saving base oil product
is a ' i l lei ki r~ l ttonis product, 27, A gear
lubricant comprising a Fischer-Tropsch derived base
oil having a Vi 5 greater than 150 and a trt7ctioirt
ti: oeffi! i =i t less than 0,01 .5 when measured at a
kineirrati,,\'us,, sitV of 15 eSt end at a slide to
roll ratio of 40%. 2' . The gear lubricant of claim
27, {herein the base oil is a bottoms product of a
vacuum distillation. 10 29. The gear lubricant of
claim 27, wherein the lase oil has a `1'10 boiling
point by  AST M T1 r_ 35^ < cater than 538 'C (1000 '
F), 30. The gear lubricant of claim 27, wherein. the
traction coefficient is less than  15 0:0 12. 31. The
gear lubricant of claim. 3 ~0, %N herein the traction
coefficient is less than  0.010, gear lubricant.of
claim 27, wherein the base oil has a VI greater than
1W  20 The 13. A finished !e br+eant, Comprising. I.
Fischer-Tro0sch derived ba oil having a traction
coefficient less than'  ' 0.015 w- hen measured at 1.5
e St and a: a fide to roil rani f o' I0% and  b, an
effective amount of one or m ors lubricant addiliv-es,
34, The fini4oed lubricant of ::.i ini' 3, wherein the
f ischer-1 rol sch derived. base  30 oil has a 50 t%
boiling, point by ASTI 11`1 6353 greeter than 1032C;
(.llz 56. WO 2007/118158 PCT/US2007/066080  



The finished li..l i c_;=.at of cclaim 53', wherein
the Fischr 'I'ropsc a _ ivcd base  oil has a branching
index by 11'1 NMR less than 23.;1 and a branching
proximity  by 1,C MR greater than 22. 5 36. The
finished lubricant of clairr ::, x herein the finished
lubricant is a gear  lubricant. 37. The finished
lubricant of claim 36, wherein the gear lubricant is a
wornigear  lubricant o an FP gear lubricant. 10! 3 The
finished lubricant of claim 33, additionally
comprising one or snore Other  base ails selected
fro.iT. ,he group ol'Group 1, Group Il; petroleum
derived  Grou111, polya.lpl volcfin, ester, psi
y2lycol, polvisobutene. and alkylated  naphthalcne. 15
39. A lubricant base oi:l, comp i iR.1,, a. a traction
coefficient less than 0.011; and 20 h. a 50 wt% hcAli
ig; point by ATM 1) 6353 greater than 582"C (1080'F).
40. The lubricant base oil of clam 39, addationatlly
com Prising a branchin;z index  by l 1-sstba:l __3,4
and -a branchin 1 -; 1mhv a'{' N\IR 4grcJ cr  than 22.
25 41. The lubricant base oil of claim 39,
additionally comprising an ( ,xidator BN  greater than
12 `,ours. 42. The lubricant base oil of claim 391
additionally comprising apour point ;rt .~r  30 than
e15 'C. 57 WO 2007/118158 PCT/US2007/066080  43. The
lubricant base oil of claim 39, additionally
comprising a ratio of pour point, in C, to the
kinerna:rc vise.o.,ifv at IOO`C, In eh , greater than
a Base Oil  Pour Factor, where t1 e t$ a Oil Pour
Factor is defined by the equation: Base Oil Pour
Factor x l:ni Kiel raa tf Viscosity at 100 C) -18, 44.
The. Ir l ri.;"trj base oil of claim 39, additionally
comprising greater tlru -r 4 w:";t 



carbon by ASTM 0 3238 45. The luhi itiuut base oil of
claim 44, or+ :apri greater than 5 wt% naphthenic  10
cad,o;r, 46. The. lubricant base oil of claim 39,
additionally comprising a Free- ( irbon  lndc::~
between 9 and 30, 58 




