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Max Tenpera= for Viscosity of 150,000 eP re) Knenan.
Viscosity at 100C (eSt) mn 4.1 max 70W-55 75W
AO 4.1 - SON--26 7.0 85W -12 11 O

In a fourth aspect, there is provided a gear lubricant comprising a Fischer-Tropsch
_derived base oil having a VI greater than 150 and a traction coefficient less than 0.012

when measured at a kinematic viscosity of 15 ¢St and at a slide to roll ratio of 40 percent.

In a fifth aspect, there is provided a finished lubricant, comprising: a. a Fischer-Tropsch
derived base oil having: i. a traction coefficient less than 0.015 when measured at 15 ¢St
and at a slide to roll ratio of 40 percent, ii. a branching index by "I NMR less than 23.4,
and iii. a branching proximity by >C NMR greater than 22; and b. an effective amount of

one or more lubricant additives.

In a sixth aspect, there is provided a lubricant base oil, having the properties of: a. a
traction coefficient less than 0.011; and b. a 50 weight percent boiling point by ASTM D
6352 greater than 582 °C (1080 °F).
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proportion of wax wi nch makes them i deal candi dates
“for proeessinginto base oil. Accordingly,.-

Fi scher--Tropsch Wt represents an excellent feed for
preparing high quality base oils




25 according to the process of the invention:
Fi scher-Tropsch wax is normally solid ar Mrn
tenperature and, consequently, displays poor |ow
woliPefiafsyr € properties, such as pour point aRci/ed2007066080
pai nt However, follomnng hydr oi soi neri zation O the
Wax, Fischer- Tropseh derived base oils having
excel | ent | ow t emperature properties may be prepared;
A general, .d A ZatldR
e e T A e
NOSehbed @&&;ﬁ_aﬂm; 5’;12{;;2@&@53 T sliedfolluS iRy aipn:
Application Publication No.20059133409, i ncorporated
herein. The hydrthsomerization is, achieved by
contacting tile waxy f eediwd tH"a"hydr oi srmeri zati on
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Aydroi somertzi ng conditions_ The. hydr ei soni eri zation
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Cptf%%a€?§&egﬁﬂ: ase ad 6ro§Uced byr
hydr0|soner|zat|on dewaxi ng may be hydroflnlshed The
hydr. | d O o1 LN Ric St BREy atololeY than,
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t he wei ght percent olefins in the base oil to loss .
than 10, preferably less than 5, nore preferably |ess
thtm 1, and nost preferably less than 0.5. The
hydr of m shing step may 30 al so be needed to i‘educe

the vei ght percent aromatics to less than 0 1,
preferably Tess than 0 06, nore preferably |less an
0,02, and nost preferably less than 0,01. The base

il ifratioftathcFhit differents~' viscosity arades of
base oil.. In the context of this disclosure
|'different vi scosity grades of base oil' is defined
as two or nore base oils differing in kinematic
viscosity at 100C fromeach calmby at least 1.0 cSt. -
Ki nematic viscosity is measured usi ng ASTM D 445-04.

Fl actionating is done using a 5vacUt 1111 distillation
unit to yield cuts "with pre-sel ected boiling ranges.



pour point 14411 he less than -10C. Additionally, in

sone enbodi nents the pour point of the base oi

fraction will have a ratioof pour point, in C to the

Wo ReRkisg viscosity 10 at 100C, in cSt, greaperutivanoseoso

a Base O Pour Factor, where the Base G| Pom Factor

is defined by the equation', Base G| PautFaetnr. 135

xado Viscosity at 1008 15 Pour pohitis nmeasured by

ASTH ngr%edt, SRS i deaf tﬁﬁﬁ%t@%htnewetgﬁwfa@ batct .
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10 wt % tot.al Iecu NGy cl oparaf finic
unc‘,t|ona’1’3q‘t‘“n eraap&%grg%ter than 20; greater

t han 35, or greater than 40; and a viscosity index
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nol ecul es with nmulticyel oparaffinic functionality

greater than 5, or greater than 12 hi preferred

embegll gRNL isel Qf&%@ﬁﬁ:{ﬂﬁtéd" FRYT GO ReddQ 1D SIaHRS, fraction,
with 30affinic functionalit such that. the ratko of
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invent i on, haye gh art
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percent ol etins | oss than 10; e ably. less.th
A R RN b ML I MR AR R G
tha f\v&eé 4soRBPwhas 8n@inlcrdoratliheneprel ersatxwthttamfeﬁaterahh
wei ght percent aromatics 1ess than 0 1,
pr eftby abtyjiccr geds wh dod Gom Fasberrigapcipiasy g‘”rg%l y less
~than 0.02. 20 In preferred enbodi nents,” e base oi
fractions have a traction coefficient | ess t han .
B 028ck e bariaivhipinkd Sem chmrnipnalegiadtun ¢rocdipadstogty either
B! ShARl k675, A, Rt Ralith 6, & Al SHRLITRASHSA s
r oI | regctikdizoin bl AR REEE etreé&mcys Tt btvr@veoiahﬁtsr eretﬁr?t?ﬁ
coefficient |less than an anmount defined by the
equation: 25 :ft.tlon coeftitifi"Si tr= 0- 009N
|./athematic% Vi scosity) - 0.001 wherein the
Kinematic Viscosity durine the traetion coefficient
measurenent is between 2 and 50 cSt; and wherein the
traction coefficient is neasured at an average
rolling speed of 3 nmeters per second, a slide to rol
tail of 40% and a | oad of 20 Newtons. Exanple,s of
these preferred base oil frattiGns.aft. U ught in




| ubricants nade using the preferred base oil having a
| ow traction coefficient will save energy and operate
cooler. In nore preferred enbodi nents, the base oil
vﬁ; #etiRng having a low traction 5 coeff| Ci enpcBlUSRU7/066080
ave large filmthicknesses. That is they have an EHD
filmthickness greater than 175 nanoneters when
neasured at a kinematic viscosity of 15 cSt. The
prefenr €,.:91. 5. 9f LR kB the
S S e o g
hav- mtdemnmﬁtaﬁm orvalve Vit dick s duhag frmacelvent griipgd ofls,
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o AR pa gt B ol ookl 1465, 0, fbanfel e o
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properties b an dex. kess ..
P oot gt st e rbypl BB D e N Kieh SB0si
t hamndeg. equal to 22. O 15 and a Free Car bon | ndex
between 9 and 30. Additionally they preferably have
greater than 4 w % naphthenic carbon, nore preferably
iy eate katadh e tidarnaphhnereebly heslckyhan dbpan asltzy si s
by ASTM D 3238. The base oil. fractions- ha n ged
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| 10fract t Oxi dat
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than 25 hours, preferably greater than 35 hours, Mire
preferably greater than_ tn- even 41 hour& The

Oxi datort 3N of the selected b@se oil fraction will
typically be less than 60 hours. Oxidatbr ENis a
convenient way to 'measure the oxidation stability of
base oils. The Oxidator BN test is described by
Stangeland al- in 15 U S. Patent No. 3,852,207. The
Oxi dator BN test nmeasures the resistance to oxidation
by nmeans of a Dcutte-type oxygen absorption appant us.
See RW Dornte 'Oxidation of Wiite Qls,’ |ndustr|a



the oil. The catalyst is a m xture of sol uble netal

napht henates in kerosene. The of sol ubl e net al
napht henat es sinmul ates the average netal analysis of
WSSl tfsfdakcase oil. The level of metals in tBgrusz007066080
catalyst is as follows: 25Copper = 6,927 ppm i ron

= 4,083, ppnt Lead = 80, 208 pprn; Manganese = 350 ppm
Tin3565 P1103- "The additive package is 80 millanol es
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greferably between 25 and 99 wr Yo. Lubricant additive
ppllers wi Il provide information on effective '
MO Ui, ERisé oil MOEMLOBElydcibRiGANt: RE/xeidgintd w@s or
sad iti\T. packages %P e bl ended.with |ubrijcat.i.n "
o | ShSTVRIRE. TSGR CaTE 8 SRR et B PLPTE
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the invention,. less additives than,re
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description of Wydrotinishing may be foundin LS. Patent Nos. 3,33 207 and

4 573,487, incorporated herzin. The by drofinishing step may be needed to refucd the
uemht percent. olefits in the ‘Base il to less than 18, pmferably Ie:s% than 5 :: thare

© preferably lessthan 1, and most prefirably less than 0.5, The hydrotinishing step may

30 also be veedsd to redince {he wei ight pércent avamatics to lessthan 0. l preferably less

than _Ga_{l_é%, nere pmfermﬂy;le;s- than, (.03, and most preferably less than .01,



VI ithptovers niodity the visconetric:tharacknsties

of - lubricants by reducing the rate of thinning with

i ncreasing tenperature and the rate of thickening

Wh b7 %s( 4 emperatures. VT inprovers thereby pj ){}59@7/066080
enhanced performance at | ow and hi gh ténperatwCs I

i nprovers are.typically:subjected to nechanica
degradation due to shearing of the noleenles. il

high stress areas Hi g {ggressures generated in
hyd r g e @y%ﬁ"ééﬁ%&ﬂ@ﬁ Byt §ferf;r|;tm3%u¥ Gk a5 st G- dthy ﬁame\t of

t OHyigh @l bs‘ims’ Eﬁi@&n&@é& 58§ ofohitti o nhL b8 BBt dell EBwh@r mare base
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typi cal'ly ol eo hone-- or co-polyners or derivatives
thereofun Gftilingmbet ioaiidi agEvipPe sl bpgingRest  ahout
15000 to I raillMh atomc mass tmts (=0 VI

I nprovers are generally added 15 to lubricating oils

at counbestoil a‘stcm:mnswﬂlrimaabm}t a@odr polot 1t it G Hbgterably, the
function. bri.c
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is agmmai.wih{em&ent ed by the vi SCOSI ty i ndex ™ (Vl),
with the viscosity of oils with 12(11 large Vi (e.g.,
140) changing less with tenperature than the

Vi scosi t yggk ofliHagr saboh= ¥ 03w Vh{iengtic VR)sity ol laggrsifof
VI hnprovers include: polyners and copolyne o
Iacrvlate d aeryl ate esters; ethyl ene-propyl ene
PO P ORI is RdhreNS-AHTRN D soepotyners; and

pol yi sobutyl ene, VI inprovers are often hydrogenated
to renove residual olefin. VI inprover derivatives
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functionalities such as grafted saccirtimde groups.
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acconplis By ei ther atnospheric or vacuum
dlstlllatlon ;. 0. conbi nati on.gf- at nospheric and
yaouturt distillation, As used in thls di scl osure,

the term"distillate fraction' or "distillate" refers
to a side streamfraction recovered either from an

at nospheric ionation columm or fron1a vacuunctol um as
opposed to the "bottons" vi :




t he residual higher boiling fraction recovered from
the bottom of the columm....zianmespheric distillation
is typically used to -separate the lighter distill M.
‘ﬁd%%‘ﬁﬁ% such as naphtha and m ddl e di sti | patgsioozo66080
froma bottons fraction having an initial boiling
poi nt above about 600F to about 7509 (about 31St to
.ilaout 359t). At higher tenperat ures, t her nal
+ cracking of the hydrocarbons nm i” take place | eading
30 to fording of the equipment and to Iovver yi el ds ol
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boiling...range cuts. Fracating the | ubri catingbase
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base Pour Poi fr Depressant The
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12 Wt % based upon the fetal lubricant” TO blend of a p
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PG g el hod 1SS, Lo IRARNE Bl QU MMl Suclbmpiished

?b}f cnhar annesphernc or vagu distiflation:or bya combination of almaspheric: and.

ygennrn distiHation, As;:,-ﬂ,zsed .11_1. his disclosure, the term. *distillate fragtion” or
distiliate® refery ij‘Q_a‘;ei’d&stre&mﬁactiﬂn ;_e;gg}%iiereﬂre_ii}iﬁi; fron #n stmoespheric
7' fragtiopation colasn or from a vasium colummas-opposed 1o the "bottoms” whigh:
24 | represents the residual higher boiling fraction recovered fioim ihe bottom of ihie
* polumn, Atmaspheric distillation is typically used to:separate the Nhier disiillate
. frdctions, suchas naphzha andmiddie distillates, from.a hoftoms faction haviog an

iniiial bmlmg point dbpve abou 600°F o abam F500F {abiout3 15% 10 about 399“{.‘)

E{CI fm:ﬂmg of "ﬁh.@._m_q;-u gn;}ezit__,,and. o lowsar ¥ ;gr::,ids, -:31 _1_11&; %;,eamer ows. Vacuwn
distillazion i typically used to sepatate the higher boiling material, such as.the
Jubricating base ol fractions, ity differeni bbiling rangé cuts. Fractionating the
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25 aromatic function in the lubricant base oils of
this invention uses a Hewl ett Packard 1050 Series
Quaternary Gradient H gh Performanct” Liquid ;
woiRTsesr aphy (1-1PI_EC) sYstern coupl ed : WegHudlob7escose
1050 bi ade-Array 11V-Vis detector interfaced to. an

HP Chem station identification cif the individua

ammati c classes in t he highly saturated Base oils was

f th N S {

e PTG e e TR i OR A St PaRGEMm ANt
analygiosctbiihd lﬁﬁlﬁ n:t ;jratueSma:re drmbhegrndl eoilcesty) o fapatking hise:
the hasis of their ring- nunber (or nore correctly,
doubt*e- bond nunber), Thus.; the single: ring aromatic
contai ning nol ecules elute first -- follmxed by the

t. )cyclic aromatics in order of increasing double
bbnd nunber per nol ecul e. -For aromatics with simlar
doubpgrbgrdchakact er, . those with only al kyl
substitution on the ring elute SOOT= than those with
napht heni ¢ substitution. Unequivocal identification

of the. \é%ﬁk&%&éﬁ%@& st SRARRL EGnBYRRPRSS 4D &ﬁﬁ ofid @R point
their § UV al 3snbance sgégna mas%acconplls

r ecofé:mrazsanfgmeﬁé@nﬂ‘ﬁﬁ‘fﬁ‘?‘ a e ﬁ‘ﬁ?fkﬁ“? f%ﬂ?brmm
Yer ebi@rl ﬁ%%@i‘nf&e Q‘gsrsﬁl Aok ]\f{ﬁnttcﬁpr{eﬁﬁif% End iR 1he art and
conpoun a degree dependent on the annunt
of ainkiysﬁa aﬂﬂ@tmm&bfhmtﬁ@W@u@iﬁﬁ@%%ﬁﬂﬁldﬁfﬁ"{? REcOPPGETs:
syst d e Bes ARl Blb S 40

be c @mwgﬁw & ?ﬁ’%{}g‘g*{’l%‘g%b elé(gyca 1| eﬁatnt on olf *t he rr.

- el ecdlooméin \xmtmd aroTAt feonpeineg, Vit ppdcp il polyiers, and
unsupsi.j.tute QB omrgvz!a EHMHQ%:; fas
Iubrpgghﬁwﬁéﬁdé&ﬁg%ne ééﬁ?@gﬁg b red- E*E Thas e
@x peatpeﬂmmllqibﬁiam% é’dnﬁabiah}dt Fongénstiive. rmw@%wéﬂ ethers, dlefin:
aromati c. gtou S . i.de 2 Lhe

el ut F??&ﬁ TSR Co[fj?w dlglwf\{/?/l%@%!t hy&r‘%{'rggr atioi ng
chroﬁﬁyﬁ@mmnﬁmﬂade from Wavol engilia ontintizedf O
each general class of conpounds over the appropriate
retention tinme window for that aromatic. Retention 15

ti megppd REeWihidBhibsSank @ﬁ[hz&ﬁﬁzhhaﬁmwﬁhment&ina&s slse bea pour

determined by manual |y eval uating. th ndi vi dua
BB oPmiEEerSPEB &1 SR PR SO E et R & et

ti ”e%h@r{éﬁi%%%h @RiRE pdthapkRudiNe dapakapi UE Bxian oppldaCat
class Weed hei r qﬁalltatlve sipnjilari.t

O ity Sy SiciErabe b hEh e BOR

five O\K@Jd&a@ fit MVRFeSeiQIImer ol ridi’hg
i gnfoaRs Rt SpaNIAR R armer
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oils compcmm elgaps (balpifﬂs rpaxﬁ @iﬁh%bw%élﬂwﬁ sy S peegylhe Four
z?e”% :};&% ﬁl{h‘%&@fﬁh@ﬁ%ﬁe%b%c%f@mkh&&ﬁ aa%ﬁt@ﬁabemn

?T evel, Milti-ring aronmatics typical
abs oblndits tor2G0L i hippe’ porslepeEEE §ry of hisadEs ??@*}P@“W g
aromat | cs. ffect bt s o
absof%?m%ﬁﬁAgﬁet #Qgggﬁ ?E@?@? fguéf?ﬁgsggﬁ%%??gngihl
to usesTPOeiche tse feratigoin of hellehtidapyblend rempisris dhpgubricant
species.of aro
e
| e nthifi e dee bldnd ik th&lﬁas&)ce e peaipaif dﬂ}rmt} ac@\gmm@ if'the target

betmeen t’he nost. hi

Dy momeb gt o et b e RS Seaney e s iy
r et aiyped.akkitponapht faleness poditr ok -wﬂlﬁzeammﬁufdm potr poirt
conpound cl asses were basel i he resol ved. I ntegration
limts for the co-eluting | -rifng. and 2-ripg

aromatics at 772ntri were made by the perpendi cul ar
drop net hod. Wavel ength dependent response factors

for each general aromatic class were first determ ned
by constructing Beer's Law plots from pure node
compound m xtures based on thenearest spectral peak
absorbances to the substituted aromatic anal ogs. For
exanpl e, al kyl - eyelohexTIbenzene nol ecul es in base
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Mare specifically, to aceuntely calibrate the
1-1 PLG- W nethod, the substituted benzene aronmatics
wem separated fromthe hul k of the |ubricant base oil
W{ﬁioﬁl-gllgh){\at ers sem -preparative HPLC mt. 10p¢i/€52067/066080
of saniple WIg diluted 1:1 in n-liexane and injected
onto an am no-bonded silica colum, a 5crii x 22.4mai
ID guard 30 foll ovved by two 25cm x 22 4mm | D eel
ttil

e
Cal b HendW-ddcerheanieoras larethapbiil lreinpriakeblend tg the
flowrate of 18nmisfinim Colum el tient as
fi alf¥bifded. based the detector- response froa
di I wavel ength I N detector set at 265am aS 2953-nn.

Saturate fragt S t.ed, . unti \ g
Boe B A o Horer e Wtoint ph A% ERRR! B the poue
Whi g 1:Sir SR A e ﬁ%}tﬂ@ﬁﬁﬁlﬁ&ec&kﬂﬁ@hﬁm i)mxgaram@mah&

elution. A single ring aromati.c <t of
C hevabunrHuRE S Y IrD NEr S Es P e E@%‘”ﬁ%’* il o
dec{lﬁ%&ﬁ%ﬁ&?du %ﬁmﬁt%k&ﬁwiﬂﬂl %B@nﬁlﬁh&&&m&ﬂywﬂmr’ar it om
tic eluti'on, Purification and separation of

he
si ngieangt plfro St U8 e abgrt BN Wil FrEaR’ "Bﬂ}*eﬂm& Weight
zp . t%%{ﬁ%&! FEP R A8 ﬁ‘&)erﬁeﬂe fepirRAtHyBRABCHE Gaunqiilyof the

tarli ai esfractlon V\:hlcgg g
r es phegofit @mﬁmrﬁa%mﬁ%*@dﬁﬂ EOTPIOPERE PRIG P R e FRPI |
puri b ﬂw‘ﬁ thaboal L‘é&ﬁ depressing base oil.
sub§€‘? '?9(% 1'13 %éggg%ﬁ?hoe! ol ar Gabsg?lptpl Vi tg{ .
r es pingiey sﬁcmatmﬁni malmﬁtbe i theapuge pf o gheut 830°F and about
uns GOt Bl Qb dMehBohdn FBhave
Sﬁ%’ke"u‘?@‘ '}’ ep% &Fr% ecuwélg%\n th at ?ea;{gﬁ ©
gn € i aveMER tibpedi oifrbm@imann theojpalpslicsttengingt &F ankabpet 10alka
standard wa d via long-duration carbon 13
NI\Mf’éﬁ’?ﬁkfﬁg‘?réa&*nW“ “WaseasirtO calibrate than F1PLC
Li V because it sinply rreasur ed aromatic carbon so the
response did not._d n the LOTRL
bei ﬁ@"’%“é‘f‘&?‘%g’ﬁm‘%ﬁg SR %&%m%r g’gltnﬁgnsl a}{r%%m
f r om0\ 3h- QIR CarGan b oo tooinbdopreasing ting:. mﬁﬁmﬁuﬂw@gm{ammb'éhc
consistent with 1-1. 2007
R R R A e T
| ubri.cant i‘%&@doﬁb&&oﬂ&ﬁﬁprﬁ&z&g&r&n r%m@rxﬂﬂ@mﬂzmderwed botioms
| Ii ghpower, | oatduration, g %god basel1 g%tan%o%%ﬂ;ed
vt @Tﬁﬁé@@gwr&@ﬂ%é@u%ﬁ%wﬁ% ISR BPBRECT S 6w T 0
2% ﬁ%@@ﬁ@ﬁ&&@k&&% ﬁﬁmu&v%@e@hﬁddqﬂﬂ&y Pait:0 ApobearialSUM
ecules with at |east @2‘% |  blend
' ar orRitiicibuNet W HIPONR R Racbod et & ”"?“)m % logcan
thod g, My DURETEL r;ﬁ@;}’p@mt dE_pl essing base:
g%n& ?g%?‘) {ajdgt 16&5%1AS%I\/? st andar d practic ;
386) gil Mﬂiﬂa@wptﬁﬁﬂtd}w attsoeawqurlrlﬁbﬁr-& TP %WM’&PE%EG PR
Iél@éor ac probe was used ACO TI PC

|nte Fléfcfgﬁémgﬁware was used to define the shape of
the baseline and consistently integrate. The earner

frequenc ce. x Q&
b ¢ Bt Sofrs T Ehearany B phlee e 505 Sustiaty
a3l OBt goF T@s@dﬂ%a&&}tlﬁhﬂkﬂiﬂ@ bsgm storkavifirbaes & HEpsigagRveof

o 1 £ Guast g GET Rl EROE g by B ek B O e o

ba. seppr sockist Hiapmy @&@,htﬂ&ﬂl\ mwed fsmna@n@m@eéw byen found w be
Field lonization Mass Spectroscopy (FMS) into al kanes
and nol ecul es with different -Afimbers of '
tinsaturations: Thc distribution of the nolecules in
the oil fractions was 10 determned by FINIS. The
sanpl es were introduced via solid probe, preferably

. by placing a small anount (about 0.1 ng.) of the base
oil to be tested in a glass capillary tube-. The
capillary tube was placed at the tip of a solids
probe for




a mass spectroneter, and the probe %us heated horn
about 40 to 50C up to 500 O 600C at a rate between
50T and 100C Pa nminute in a nmass spectroneter
woPRBsAkg 15 at about le tom The rnass specty@nes2e07/066080
was scanned from &40 to Ink 1000 at a rate of 5
seconds- per decade. The M SS spectroneter used was a
M cromass Tinme-of-Flight. Respon ail conpound types
were assumed. t
Goncr oy an oa ottt peal BRIV A0k PR ot of
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| ubri cant base f t hi s o
ChaFE B T P D A o G2 E4ae beopfound
di f f.eenkn RWHIRES:afa tirs atittrdaphong basThid byndisk tinggnent.
with 5 different nunbers of unsaturations may be
éonpri sed of cy. el oparatTins, olefins, and aromatics
if aromatics were present in significant amounts in
the | ubricant base_OiI t hey mould be identified in
EPs lapdeepddiIing 4- unsaturations. \Wen ol efi ns
were present in S|gn|f|cant amounts in the Iubricant
base oil they woul d be identifi in.th
analfys st bidanty A u‘tVa’tiieﬁﬁs@’o‘ﬁFﬁg“L‘f‘%ef’grla“g?§ P preferably
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unsattrations, 5-unsaturations, and. 6-unsat i ons
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of this iny e tgg Rty Gbreant ent
was ‘%@?‘nlﬁﬁgf%eg‘eﬁénmet% ]é&@ %g)ts/ﬁl 476 e | ess than 0.1
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e o R EE PR SRRl o e e
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W th one or npre substinents. |
el wreemdpppet aﬂéu%tﬂﬁnuf”ﬁ%tbé&d% W?i “‘t%r Sﬁégmw ool

cycl Qﬁicbﬁtiéhdm%%é? Fz@%ﬂﬂa&él FronCHigheab@Xiek the myfsi t@iee‘i?aif sy lubricant.

d h d pht
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cules '"'rit' onoc

f u n c@nmmaiﬂ}' tiforinsh BhRRPTIHSH %@Q{L}@ o ﬁagfglxp igteasail_ goups e Ahich veact
gt) nogyehl %a%%&%ﬁ?er%bfﬂﬁ% abhomogERuE e Sﬁhi%\ﬂ'épﬁrmmg of

bons or any nolecule that 1s substituted m%% i )
Si ng%»ﬁr&m&m&@lynﬂﬂabbcs@thdiﬁ‘a?t%@ hsrdPeear Bomir Gup PO £ ‘%‘C%
7rin carbons Tilc cycloparaffinic group may be
opti’ ’ substituted with one or nore substinents.
Representative exanples include but are notlimted

f:; cl gi\s(%g{?% b%‘?%lﬁef}?fg%é g t%%b%ta?%ﬁ{%@%s‘el;?;ﬁ){ﬁ LlthtaﬁMj media,

kb ke iddbeeuhi Smwptniatertmﬁutatweldaptanaf it ¥ Sfﬂé h‘efifiifntﬁ‘?ﬁ“s
mean any nol ecul e .t Al L LEV.C —_——
sat uﬁlﬁt?é%?ﬂﬁﬁfﬁ&ﬁ*&ﬂé?f&i%s’tﬁh s Q%Ar& tuéséze(g a%mm mfm'
any ARG @n bddkrelatd Sithﬁiuﬂidﬂy@ﬁ th\mii tnﬁﬁm raddity- quﬁéwdm»ed
find nulticyclic saturated hydrocarbon 25 ring groups
of two or MOM fused rings, ori8ny nolecule that is
substituted with nore than one munocycl k sat urat ed
hydr ocar bon group of 3 to 7 ring carbons. The fused
mul l'i cyclic saturated hydrocarbon ring group
preferably is of M) fused nngs. The cyel oparaffinic
group may be optionally substituted with one or nore
substituents. Rep esentative exanples include; but ne
not 'limted to decanychonapht hal ene, 30




10l dentif the al branch centers and the CH3 branch
term nation poi nts using the DEPT Pul se. sequence
Woddrell, D.T.; Pegg, D.T.; Benda'', MR, Journal of

gﬁhbfssResonance 198, 48 323ff.), 2)Verifyct 8007066080
absence elmbons iilitittttidtiple branches

(quaternary 15carbons) using the : APT pul se sequence
(Pat, Shool cry, JR, ,Thitt-nal pi: I\/Iagnetic Resonance

rosalihbes St \gﬁ@ﬁ@?ﬁﬂwaﬁeﬂﬁ pBER i et Pbtglpesio

20Journal f Q,I|It tlvet I n wi Chemst

7 $ieiiga dPpErsTGE 2ih CTRPELAYS %ﬁ”&ﬁ*@ﬁfi@mﬁ’%ﬁﬁﬁf Hpophitic
Ex anpke s B30 e sicherdusatimbias fitoiiep pmege;ﬁmmmdgy |
3-net hyl 19. 3 orit4 4-meth yl 143 4+nmet hy419

ARGy PEIL AT PEFRAES S TGO gl he sl

Adj aGent.. 9. tﬂlmé!'@lu%@*‘ Pofless fhhn E&ﬁdr&ﬁh BRTRRah iﬂ@e densidayion
at different ‘carbon positions

i nt egthabedogepus fispeyorn e @ﬁ%&,ﬁfql@%g}t B%.ﬁia%fot Higinvention
et Mnbx?é Lo ciafsQuRoh B kdhSohbeRB hiosucof a singl e |

car bon I's equal to total integral/nunber of
car bons per rml ecule in the mxture). For the unique

ffsS %%ﬁgr p%?e%eghpg%ap Kllb Q&l}@%ﬁwum %ﬁﬁn@éﬁh& tddgrkeg m nal
and ranc [*occur at the sanme resonance
posididperned Hylreted mtwntbm@ssordrsmr@éa} dygted ypgivpeiagptp composition
estinatin n n <O bora
“br arBRoHF Bt oot L AR DA AFC g bt PR d PR bore
co ntd:mbmﬁﬁmrt Gestrited 4wiist Prjent Bo. Iﬂ B 433? Fryderali i didt ed

L0 R faap SRR b Ay bLE U AL DR Bl 00

car B &7 Age Carbon. nunb
QﬁtGﬁﬁk@ﬂdﬂMﬁhﬁo$®Hﬁﬂ@fﬁmhaﬂaﬁukhtyﬂibﬁ‘Wﬂb@ﬁ%%ﬁwﬂlﬁbﬁmﬂ

material's b Lecul

R e e ke L e RS S S o

guna%h&ap&iﬁsaemﬁ&&h&a i U;ﬂ;neibf&na Nsxfs@:smsﬁ IPastftrzir}:% o :’hisw
ranches per 100 car s cal e ro ther

of brEndRe. He ii’sﬁ’i%ﬁeégldq @“{ @?‘E‘B‘ B ft T E}ﬁ‘ ':T’?c}(?/’ aerg

car bl@aﬁf&%ﬂrﬁga%ﬁ 1at@ QOH:BY of from about 0.80:1 1o 1.60:1, apd o sedium to. boron

40 patieof from abowt LRTS te 13325

In: amih&r emb@dzmcnt the preferred EP geat lubricant i‘ddﬂl"i’ﬁ of
b ifivention comprises 2 combination of three cmmpine;m which are

o (i} h}*drﬁttéalkah metal bordtes; Qz.)-at lgast ohe drhy.imcarhvl.po.hfsumﬁe

-ﬁah}-fdirﬁcaﬁayi"trr;»uilﬁde? more than §.5wt.% .dﬁ!)fd,l. oearbyl ‘dSS:L_i.I-ﬁ,des and at least

30wt % dihydrocarbyl fetrasulfide or Higher polysulfides;.and (3)2 non-acidic

phosphorus compenent comprising a iéhy‘ﬁroéarbyi shosphiiccompoient, &t 3%&3%‘{:

90wt 8% of which has fhe formula (R@) 5 P, where Rz alkyl of d:io 24" carbon atoms -
30 andatlesstone dihydmcarbyl dxthmphaapnatf: derivative. The pmferredra}l\ah mnétal

deseribed in UL.S: Patent -;égggiscmmn Nex. ‘i,if 1724671, filed on _Mc;}* 4,_._2{1{}3; These
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8) F.sfunateclex (Bl), The Bl ils.c tint:d by 111
NTM t Anal ysis and presented as percentage of
. met hyi . hydvvgen heani cal shift range 0.6-1.05 ppm
hydngen as estimated by NNIR in
‘??gﬁ%‘ :ﬂydr ocar bon conposition. 9) Estimate Bpgﬁlgﬁqoalgﬁsoso
pro(BP) The. BP is estinmated by Cand presented as
per cent age of recuni ng net hyI ene carbons which are

e e o S e e

ano NGkt Bh EAROBSpatcsast mbed 5ib§ag&\htéﬁﬂﬁyl n the
| i qui d 30hydr ocar bon conpositi on. 10) Caletilate the
Frce: Ctarbou Index (17(11).The I1tT is .expressed in

uni t ?Hetlﬁ’l RANRMNM: sddauRty Mg %Mlhﬁdl widlofher additives in a ge:ar
net h orbran{qb carbon as "ope" the.car g}Fs in htﬁ%
£

al e WhuepeifingractkgredrereR at B AT ERTA BF PSP &
- Chajid: Q6 BE tﬁ@ﬁreﬁﬁtlﬁéélmd%r ThsOMIRvRaNeR MaRidags, wscasu}
carbon These carbons appear between_ 29.9: pp

29, Ginfrprimpiofer HEPERPB GRS TR RRY HOEHe: %F@ﬁl?f%%ig’ﬁff“éfa
as fgj, rgme&%laﬁy Iii@ﬁl@sxfiag RMBh %@Jh@t@@éﬁf‘p@ﬁﬁﬁ@}ﬁ&ﬁﬂtﬁﬁdﬁd a
mol ecules Th the'sanle as in steP 10 divide_the
: t ot ataricaoboher ¥ Eneedditaes Ere(egnféfﬂlweﬁm Wrigithy prelb hnown
ung v o1
. aluﬁég?ﬁu&i ﬁ{ &g&g{i%g ?%glp%@ Gfid Ii&ﬂgk %ﬁﬁ?lg{ly ;gr ferred
1 5eakiiibe:] taeﬁthas satibetiwelebit. E@ﬂgiﬂp‘ﬁmwa@ﬁ gibsgbispdiatis atkaling.
sanp by tiltal area per. carbon frm
ste e%‘%‘t“}ef ﬁ“%%agﬁ FCl (EP1062306A. 20ciin be
: perfot unedi using any Fourier Trmmdom NWVR spectre

Pref gr abl } asur enment s
spe C? Cﬁ;@ %br“ﬂﬁ gvpﬁﬁ méeerh;ém r;]n'iy ,:1$5 gcm%@i?.é %%é%%g%?ﬁeg&h% for
ak| easek Grafflclonel) pf@lnﬁialm daivisy Givis H); Speretictrhasy gilssuchas

e e e

was |imted to the saturated carbon regicin, about
0-80 ppmvs. TMs 25 (tenanethyl ail ane). Sol utions of
25-50% by wei ght in chioiofoundl. were exited by 30'
pul seg. f Rl bawadRia Fh3oEoRpdac Qathygiitdton tinme in
order to mnimze non-uniformintensity data, the
Bfioadband proton mverse-gated &coupling was used

duri B, 8. 886404 g?ﬂh@ifeapfubl@c’fanfs Of 1Mt a0 2 @b‘ius e
and on during aicquisition. n‘gl es were al so do%
e3¥

Wi t hp@ut ﬁ‘@g'ets@lg brspsil M“@"QWQ [f}rq gour poimt depressing bas

( ace%ny l: chflﬁx nt ;fli%&ﬂl HORLH Fbmase R3Qiike baxatd on
agen Reur intensities are observed. Total
ex peﬁammtentdlmr@sﬁ ﬂﬁ&ﬁg@@nfﬁr\mﬁﬁwrﬁ@“m&}%{ﬂ% lowet bailing base
'ggea”;%"f A8, 18 fha% 3ozl RO ba e P80 ey be prepared

i nd uﬁt}m@nhtd e@ayhnai roﬁsd:h é@‘aivé bﬁg?@ﬁ of: ¥ W@Wﬁm§!®m’€§l’0ﬂl@m‘>
wer e; ired, ertil ofhn th
rel ax"t *i%g‘ﬁ'ﬁ‘eé’ ByFoRe meé‘é% gqﬁev%% é)L etQ F%g%%}??#é’ of
12 sepbnels icteen abotit 5 and: a'bﬁm Qalkyl- braﬂches per 300 carbonyatoms..

Following hydroisomerization the pour poini depressing bas_e_ oil blending component

30 should have a pour pofnt between abont -20°C snd ghout 20°C, usvally between about
10°C and about 20°C, The molecular weight and degree ol branching in the:
molecules are-particatarly ceitical 1o the propet. pra(:ﬁcg of the Invention. _
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The DEPT and APT sequences wore carried out
aceordingro literature descriptions 5 with iiinor
devi ati ons described in the Varian or Braker
manuals. Dmis D StOti Okl eSS

@Bg@ﬁ{ﬂeéggsﬂ CTlt by Polarization Transfer. TheCBErg}fmzllgﬁmso
sequence gives a .ignatil.-athcs.btndd to protons.
DEPT 90 shows CH carbons only. DEPT 135 shows CH and
Qda up and-Cia I SO out of phase ,(down)" APT is
Attached Proton Test. It allows all carbons to be
seen I@%&e Jh@émaﬂg&)s@l A BerAlL M BonrlbBRNIGLAL QI 8 diPSending

% are down. The“sequences are useful in thin
ev e mmmmmrmadfﬂow@hmw g tht dgierraadly s el doy rew
And Léng&; al‘[{g%] I'I?(!L w9k ,;‘;ﬁﬁ@ay%@?ntddi{wﬁqgé& 'vfﬁ‘o%qmﬁ%schuﬁmpach
chem an ase: are described In'the
rsef epencestit hiexbe ;sﬁtrere@mmm {rhgawre@@m qfé@’w%?mé% h
Sa"%%hew%fm &e e%w%'f&?ﬂ Vﬁi&%ﬂ@%u&éa%r&éﬁ%mwp% wa,

t'he cal 1I'ons He entire sanpl e was
| s 0 -1pﬁmsahdn|iam i@fﬂt{:&ibm bmimg@m e shourfa D Frinduief igproduce the
n-paraf fins.or naphbthen !
pre meﬁ 1}?@4 i é}rﬁé?r?’ib § ﬁ:e}imivi\'{aép%&slqmﬂdsg &Y Bi%ﬁ(i?:?%ﬂ}?ﬁnﬁm In
naphdietdig:oont pRtr pdstaymb &' I,rthamme ﬂyducssmgnﬁadeb dmoduce

A e sb I AR ORY b P BB s g s

1tgy8 véﬁrﬁﬁz’@ Qflizah QiE: Ok var&mbfi@ﬁﬂ@lwdls&al dul‘ﬂiﬁﬂﬁb}}ectgd I the case

monoval ent _hydr ocar hon ra to 8..C

I e R g 0 S e
Exargl ig%rfﬁ’sfem&lriéﬁ bisBLATRDas disﬁﬁét&l%e o1 Uhe BE@R @aterial
limte roups such as methyl, _ethyl

| S 0 meﬁ@yqd fmﬁ\_ a‘,b@!fawum ?{gwowpm @émgﬁ hxg{; b%[ﬁ?%lpl%/ydimarbﬂm
Q‘Péﬁ are QB8 lRRak ileQrouddes M{lﬂ&@dﬁ@b&@ﬂﬂ&@ In
e xanp

es a | ncluded further ei aritYinventjon but are
not fﬁéﬂlb@l@d‘t’sﬁrgwwa‘&%l i Frgtiontipe gy Speipa My gRdetse

o Lodh £d Transehhagab®eing, and
i ey

e
PP1 Gwd:@ﬁamiﬁt;& fFEJfr ?ouppmiiﬁ ﬁﬁpfhﬁ%g’éiefeﬁﬁ E@“wﬂii’“@@g P‘*?%Efsem

20 veally ;.mly a..-hx_gh. mlmg_‘base;mi fmctmn.

B "i he pour point depressing base oil blending compenent will have a pour, pointthat is
" at Jeast 33C higher than the pour pointof the Bydivisomerized F mcherm'fmpsch

dstiltate base.oil. li-has been-found tharwhen the hydieisomerized bottoms as

35 described in thisdisclosse s used to veducs this pour peint of the biend, t’ﬂa poE
pointof e blahd will be below the pour point of buth the poyr point depressing hase
oil Blending componet.and the hdroisomerized distillzte Figsher Tropschrbase oil..
"Ihe;@f;jtej,' i I8 notnesessary te pedrice. the: peue point of the botioms to the target pour
poiat afﬂag ez;gim: il ) ;

30) |

Accordingly, fhe zcmual degree of hydroisomerization need nof beas high as inight
ptherwise be expeciad, anﬁ;‘th'e'-hydmismﬁ-aﬁ zaticn reactor may be operated at fower

¥



Was ntde.froTydrotreated cobalt t?ased
Fi scher-Tropsch wax by hydroisonterization dewaxing,
hydrai ni shing, fractionatiqg, and blending to a

s595ki¥ target. The bast. oil had the pro
“){:Lom I'n. Table Il. tell CVX Sanple In FT- gﬁéift}s?z‘éoﬂ%ﬁoso

Safil le Proi i '"1SC9 jtv at 10C, cSt 7336 Viscosity.
I ndex 165 Pour Point te - AS TM D 6352 MAO ST (0) F

i ;,gq%@%tg x{ﬂh?coas c?ra?cﬁngigd l%s’os '319 9@16 Toss. It }:%%egnsfgumaﬁﬁz%m bo ﬁ‘ms
should not be over hydrojsomerized or ifs ability fo act as & pour point depressing base-
bil blending compotisnt Wit be compromised. Accordingly, the average degree of
branching ifn—'iz{ﬁ;e.nmiémles of the Fischer:-Tropsch bottoins shoutd fall within {-ﬁ;‘a.

range fomm: ahowt™s 1o about 9 alkyl brariches per L0 carbor atoms.

1A

A, posr poiy depressing base oil blending componient derived from 2 Fischer-Tropseh
feedstock will have anaverage malecular \&erghi betveeen about 600 and about 1,100,

preferably betveen abeut.-”i.ﬁ@. smd about 1.000. The kiiematic viscosity at 100°C will

10 usualty fall within the range of from about 8¢St 1o aboit 22 ¢81. The 10% boiling
 polint 5f the boiling range of the bartonss typically will fall between about 850°F and

about 1030°F. ‘Genera‘lisz, the :h’igher' ma-!,@cularwttiﬂ}ﬂ ﬁydrfbcarébb'ﬁs ate: nioTe:

13 -Qlaga}ﬁessmg;bas_e ! bzﬁ-némgimmpomm.w.lll be:ﬁ{}{} or g;eater-. C.an&ﬁquﬁnii;g,. hfglm
cut points.in the frectionation:cahumn which resuilt i a Bigher Boiling botioths
matérial are dsuilly preferted whisn preparing the pone point depressing base il
“blending. conponent. The [ﬁghfﬁ!ftut _ptjint alsohas the advaniape of producing g
higher yiedd of the distate base ofl fractions.

20

at'a low ie‘n;peramrggmemiiy- -109C or less, thc;gffa:;tﬂaengm, of ihe.pour I?.lfﬂ_ﬂ_t-s .
depressing base-¢il bleniding eompbuent may be enhanced. The waxy produet
 sepatated during soivent dewaxing from the bottoma hies begh foumd o display -

1mprovcd pout poiit clepressmg praperties pravided ihe branching properties rendin

[
£

" piithin the lnmts ot the invention. The (}ﬂa ‘product recovergd. am,r theé: sofvent
dewaxing operation while displaying spime pour’ pmm dEPI‘ESul‘}C’ pwpemes 13 fess

efleetive than the waxy pn}duc‘{;,

30 I thecase oi being potraleim-defived, the-basic method of preparatmn is.agsentially
ke Same as, alieady desceribed ahove. Parficularly preferred for preparifg a pefroletan

“derived pour gomt_dﬁm‘essmg base ¢i) E}_iandmgi.bompﬁncm is bright stock containing

< Thw



0.02312 2-Rinv 0E0446 3-Ring 0.0002g 4R ng 0.00032
6-Ring 0, 00001 Total W % Aromatics 0-02819 W %
Oefins 44 FINNS, W% Al kancii 72.g 14Unsaturations

%97

0

20

R

do91Riseli OSaturations 0JO iTotal 100.0 Tot 9
ecules with Cyeloparaffinic 272 Functi ona?hﬁiﬂtsw]?’/#666080

ahigh war-content. Bright stockconstilutes a bottoms frection which has been highly
féfineid and Gewased, Bright stock s a high viscosity base oil swhich is namid for the
SUS Viscasity at 210°F. Typieally petroleum derived bright stoek will have-a viscosity
aliove 180 St at40°C, preferably dbove 250 oSt at 40°C, and more preferably-ranging:
from 500 to 1100/eStat 40°C. Bright stock desived from Daging crulé Hias beon fotind
o bie sprecially suitable for isse sy the pour peint depressing base ol blending
component of the present invention: The bright stock should be hydroisomerized and.
gy opttonally be scivent détvaked. Bright stoek preparedisofely by solvent dewaxing
has beer found f be much less effective as a pour point depressing base oil bleding

cotpenent,

The pelroleiin devived pour pojit depressing base ol blending component
allenst 40 wi%, and mest preferably at Jeast 50 wi%. The boiling range-of the:

pour paint depressing Base il blending corapeneut should be above about

The averagt destes of bianching in the mvlecies o the petroleuny derived-pour
point depressing base oil blending component preferably will fall within the range of
from-abeut § fp abiut 9.alkyl-brancles per 1 ,(}ﬁjea;zhtmiamﬁis‘g.mei‘ei pféi’ér‘ﬂﬁlé{ From

-about €10 about 8 alkyl-branches. per 140 carbon atoms.

Specifie Apalytical Test Methods

Hrookficld viscositics were migasiiréd by ASTHE '};):‘?,,;._9;&3:-,@_&31._ Poirpoints were.

dicasured by ASTM D.5950-02.



Ratio o ' K4onoc3cl opa,atfins to tylulficycloparas
>100 Oxidator EN, bouts 24.08 X in the urination: Vi
=28 x Ln(V1S 1 C10) + X 109 Tracdon Coefficient at 15
“ﬁ%m,ﬁﬂsp%l - Exanple 2: flu cc bl ends of g e TIS2007/066080
ri Cant using the 17-7.3.utere bl endect with gear
| ubricant EP atinwear additive packages. The gear
| ubri cant additit?e packages conprised sulfur 5
phosphorus (SiP) and a stable dispersion of hydrated
et borate EP additives, conmbined with other
additives. The additives used in CEARA and CGEARB
Iptr E)fjﬁ’gtr ﬁ% égigifnasg&gs ht‘}g g!tnf 511*. g(r%gn is %c‘t sz'rman:a% b? g:otenif\MR by
Theiggﬁn&mg§§qgs$@ in GEARC the same as those usec
i n conunercial production of Chevron Delo(r) Trans
Huid ESIR). Del 00 and ES1(r) are registered
t r adgmar kgnekf sdidiier 6001850 bPas RlilgdocaRhe in: deuterpchlorofom:.
Ibrnulatlonsof these three gear lubricant blends are
summari zed ill Tante I11. Table ID Corn-G ARA GE\ RB

GEARE @ B o&ui@MliRaFRodd Qicki:i@ it Rk B5QusrB8OraPTitith and

aceuraiely.reference the chemical shill (ppas)akis. The indirdment must hiave

10 sufficient gain range to deguire 2 Ygnal without averloading the vecsiver/ADC.
When-230° pulse [s-applied, the instroment mnst have-a minimur signal
digitization dynamie range of 65,000, Preferably the dynamic range will ber

260,000 cr-more: .
15 €. Measure the intogral intensifies betwen:
6.0-4.5 ppin (clefi)

2219 ppm (allytie)
1.9-0.5 ppm {salurate)y

20 __
D.  Using themolecular weight of fie test subsiince determined by
ASTM D2503 calvalate:
1. The axzeiragé..m‘;ﬁ:ctﬁiar formmta of the saturated hydrogarboris:
25
7. ‘Thesverage molecitar tarmila of the olefine.
3 The tozai mleﬁra} mremiw {=5um ofall integral intensitiss).
30 4. Theintegral intensity per sample hydrogen (total integral/number of

hydropens in forsula).



49.75 11.61 4935 CitoBiightStoch50 4325 $129 5329 PNVA
Pour Poi nt Depressant 040 0.30 0.30 Corrosioii
Inhibitot 0.08 0.04 0.60 Antth'am Agent 0.02 0.02

wgbg@%ﬁﬁkh“ Det ugent 0.00 024 0 00 Anti oxi danty-QRQs007/066080

hd

The numbec of okt hydrogens ;—ﬁtj-leﬁn" in‘;&g;aﬂ;ﬁnﬁagrﬁi per

hydroger):

35 ‘plefin ifﬁ_i‘.ﬁmiaf?;};

9 Thewi% sleffhs by proton NME = 100 times the sumntber.of double,
bonds fimes the nyinber of hydrogens in a fypical plefin molstule
divided By the number.of hiydrogens in a typical test substance

{4 molecnie:

"The wi% clefins by protorn NMR ealcufation procedure, D, works best. when the:
périent dlefins resull is low, toss than about 15-wi%: The alefins must be
“conventional® ofefing; 1.e.a distibuted mixture of those ofefin typss havibg

15 hydropens attgched 16 the dowble bond carbons sach ass alpha, vinylidene; ¢is; tras,
and. trisubstituted. These olefin types will have a detectable allylic o olefi dintepral
fatio betivenn 1 avd about 2.5, When this ratio execeds-about 3, itindicates a higher
yercentage of tri or tofra substiteted oletins are V;prﬁsant.aadﬁihét different assmptions

roust be faads to-ealerilate the numbicr of double bonds inthe sarmple:

Aromatics Measurement by HPLC-UV

The methiod used to measnre fow levely ol molecales with at least one
35 aromatic function in the lubricant base vily of this iavention uses a
‘Hewlest Packard. 1050 Series Quatemary Gradient High Pexformance Liguid
Chromatograihy (HPLEY system é&up‘iéé with 5 HP 1050 Disde-Array TV
detector interfaced to-an BP-Cheni-station. Identification of the Individudl apomatic
30 pautern and their elution time The amino colanurused for this analysis differentiates:
aromatic. molecudes lergely on the bagis of helrting- number (or more correetly,

doiible-bond mimben), Thus, the single ring arometic containfag melecules elute first,

25



O b Total 10000 10000 100.00 Total W % of gear
| utawant having; <0 06 wt % aronatics, > 20:t%total
nmol ecul es with: cycloparaffinic functionality, and a

‘iz@tzéo‘?nfhfﬁsfml ecul es wi th nonocycl oparaffinic 4crus2007/066080
unctionality to nmolecules with multicycl opara;‘rfl ruc

functionalit) > 12, 49 25 Il 61 40,35 15 Ctgo Bnght
Stocl 150 is a petrol eum derived Goup | bright stock

prod ol ven{g vvat ng... IVD% L
by S ik rasshovaratiso Pl bt rc%’&gr Fardposmber per
GEARA. %&Mﬁﬂﬁ sWfindee delidaybot &m&m@@ﬁk@@wa ih mﬂV atkyi
- substitution on the ring elute sooner thiny thase with naphtheme! ‘substitution.
Uniequivoeal identification Of.the*‘\a'.ﬁﬂmm base ol aromatic i_‘a}fdmcarbﬁns from their

"BV .absorbancs specirs was accomplished recognizing that fheir peak electronie

h

tiansitions were all red-shifted velative to the pure madel compound analogsioa
degree.dependent on the amount ofalkyl and naphthenie substitution on the rifng
systom., These bathochromic-shifts ave-well known 1o be eansed by alkyl-group
delocglization of the w-elecirbay in the arpmatic ring: Sidte -i?cx's:-m;mﬁsii'tumti

W aremialic comipounds boil in the lobricant range; some degres of red-shift was
expected and observed forall of the principle domatic:groups identified.
Quﬁhﬁita’ﬁ&‘nfdf fﬁa,;éiu%_'ing;,arsamaﬁi:sﬁﬁmyﬂun'ﬂsrwasmatic_ By 'is'}teg;%&ting
clhiromatograms mads from wavbléngths optinnized Tor gach ‘cepicial class of
compouids-aver the appropriate retention time window: for that atomatic. Retention

15 time windew limits [oveach avomatic-clags were détenined by manislly evitogting
the individual dbsothince specira.of eluling compounds at different times and
assigring them to the appropriate arbmatic class based on their qualitative similatiiy
to il compountt absortion spectra, With few exceptions, only five-classes of
arematic compounds were observed in liphly satittated APT Group [l and JII ubsicant

HPLC-UV Calibration

rl'ﬁwieﬁ615;.',h’1u1‘ti‘—ﬁn‘g;;ammaiu:s* ] maif;g absorh 1010200 times more fstmﬂgi}:. th_ma_
single-ving aromatics. Alkyl-substitution glsoaffected Absorption by about 20%.
Thereforg, it is impontant 16 use HPLC to separateand identify the vatious species:of

aromatics.and kmowhow efficienthy dbey shsorb,

Five classes of aromalic compounds-were identified. With the exception of
sroall averlap betwieen the mﬁst highly fetained alky!- 1 ing Aromtic naphthehes

-2 -



85W 140 80W 90 1444 25,32 14.51 seosit at 100QC. eSt
Brookfield Viscosuy, eP, cr"!,.,-26C 31750 36250
13rooktield Viscosity, eF, @-12C 35650 Foara Seq |

wo Sfh7simet 111 0/0 010 010 WO 0/0 0/0 - PCT/US2007/066080

'an-djféiiﬁj. least highly retained alkyl naplithalenes, all-6f the aromatic cuntponnd:
elasses wers baseline rosolved. Integration lmits for the co-eluting 1-ring and
2-ring arorhatics at 272nmwere made by tlié:_pcfpenditu-lar drop methiod.
Wavelength dependentirespotise factors for sach gencral aromatic class were

{irét detoriined by constricting Beer's Law plots fiom pure mode! compound

Lt

mixiires based on the neavest spectral peak abserbances to the substitted aramatic

anglogs:

For example, ;jalkyi-—gy«':1ohegsflbgﬁzem;;mois;cﬁlefs; i bise ol extibit & distinet
10 peak absorbance:at.272nm fhat corresponds fo- the same {forbiddenjiransition.
‘alkeyl-1-ring -aromatic naphthenes in base oil samples was caleulated bkassumiﬁg-t‘h‘a{
s malar absosptivity fesponsé factor a1 272nm was ;appimximat?eiy-erjyai 1o tetralis’s
molar atsovptivityat 268am, calculated from Beer's law ,pI;ﬁt,’-s;.‘Wsi;gh:i pesoent
5] eﬁc:aﬁt:@ntiﬁaﬁbpfs of ardiatieswere caleutated by a¥stming that the aveiage mdlecular
weight for each-aromalic class was approximately egual to the average molecular

weight for the whole base il sample.

This calibration method was farther imprisved by Isolating the Vring framatics.

20 divectly from the lubsicant Base eils viz exhaustive HPLO chromatography.
Calibrating direcily wilh (figse aroniatics.climinated the asstrptions and vncertainies
associated with the model conipounds. As expeoted, the isolated aromatic sample had,

sibstituted.

s
59

More spesifically, to scourately calibratethe HPLC-UIV method, the subsiifuted
benzene aromatics were separated from the bolk of the hubricant base off usingr
i?éfat&:_r‘s':i%émfi-pre;’maﬁvs HPLE umi 1,.{3"5gﬁan‘is;‘.,afsam gl’::i'wzzg&'iﬁmdf ¥:1 10 sehexaoe
and injected pnto an amine-bonded silica eolumn, & Sem'x 22.4nam 1D gudrd,

30 folliwsd by two 25¢nix 22 Amm ID cosluransiof 8-12 micron amino-bonded sitica.
particles, manufactured by Raivin Insiruments; Emeryville, California, witl n-hexane
as the tobike phise al s Tlow rate of 8iiilsinin. Colui elient was fractionated based



O/GIW 0/0 Cu Strip Corrosi on@00C ior 3 Hours 1% 2C
1/3 Storage Stability Itatiag after 20 Weks at Room
Tenperature, Li /Sedinent 2/0 2/0 2/0 Storage

\@fﬁﬁjﬁilitﬁ%' after 20 Weeks at 66C, |ai aid/ Segdir@emkizossoso

- 2/02/1 il ce 42 -26 Brookfield Ratio 2199

1408 2498 613 xetv"4-) 37833

10

on the detector response from a dual wavelength UV detector set al 2650 and

295, Saturate Fasiions were collected uritil tie 265 mun absorbance showed 2

change of 1101 absorbance-anits, which signaled the on¥el ntsingle ring groiiialic
eliition. A single rms atematic factionwas solected nntil the abserhanse watio-

betweeen 26511 and 205 deersased to 2.0, indicating 1ie onset of two ringarcmatic:

elution, Purification and separation of thesingle ring aromatic fraction was made biy

rechromatogsaphing the mopdaromatic fraction away froum the "tatling™ sutirates

fraction-whicl resiited from overloadin g the HPLC column.

This purified arematic “standard” showed that alkyl substitution decreased the molar

absorptivity respense factor by:about 20% relative to.unsubsiituted fetratin:

Cmﬁfﬁrmatiﬁn of Aromatics by NMR

The weight pereent ol all molechles with at-least one sromatic function in the purified

mono-aromalic standard was confirmed via long-durstion carbon 13 NMR-analysis.
NMR was easierto calibraie than HPLC UV because it simiply measured atomatie
carbon so the response did nat:depend-aﬁ“the clas§ of sromatics being analyzed. The

NMR resuls were tianahited Trom % srontatic earbon to'% aromatic molecules {io be:

consistent with HPLC- UV and [3 2007) by knowing that 95-99% of the sremalics in

highty saturaled. lubricarit bas¢ il were singlesng aromatics.

High pa”w‘agr-§m§g>iiurz.ﬁon%'fanﬂ___gmc:ﬂ ‘haseline dfialysis wirt needed w acchrately

easure. aromatias down to 0.4% aromaticmoleciles,

More s;zeciﬁc_aﬂy,,m accurately measure Tow fevels of all molecnles with &t least ope
avomatic finction by NMR, the standard 1 39599 method was modified to give s
minimusm cacbon sensitivity of 300:1 -{i}y,_;‘-:\'_S?‘l"‘{t*ii'%{andard practive E'3863. in\ 153-hour
Juration Tus on a 400-300 MHzZ NMR with & 10-12 mnt’ 1\&101’:1:: pmbe veas used.
Afbin PCintg geation software was used to define.the shape of the baseling and
consisteptly inteprate, The carrier frequency was chianied grice:diring the run to-evoid



499 ' 3783,3 GCEARA and CGRARB are excel |l ent gear
| ubricants for all types of autonotive and
5i ndustrial bearings allki gears_ They are suitable
vﬁg&m%Qﬁ Qff of limted slip differentials. Tpeyu§Reossose

e reqU|renents for the 750, 000-m | e extended
warranty programin Dana/ Spicer axles. CEARA al so
neets the requirenents for extended service in

Q 1. Fis . [

R R R e L S
GEARE civeetis: dihe m&ﬁusxprc@weﬁrt ssflgionPas broraved 500N | e
10 extended warranty program for transm ssion fl uids.
GEARA, GEAR13, and GEARC are exanples of the gm
| ubrie.aetsl of this invention with very |ow
Brookflewd V|sea51 s.relative. to their kinematic
Vi s cORHHEE Lo Phfee-of them-have a Brookfield Ratio
(ratio of Brookfleld Viscosi ty. at [3 in C divided

by the 15 kinematic¢ viscosity at 100C S d
oqua i BRDURET DT T ROR By e oAt FERTd 008
13r o@kck kfdotlodma (0B 1fd alBanes ankl’ nm'!léhﬁbsﬁvﬂtfﬂwl‘ﬁlﬁiﬁtlmﬁibmr e

surprisne. conS|der| th co

si gniif ffﬁlse@weml&n%*m%ﬂ o faﬂtbc 1@51?%‘??? ﬁ%‘?&&@f«‘s‘&“’* Ha 110
i SCRBHEMed %WS ' mrgﬁﬂgﬁém&éjﬂh&duﬂﬁa;hd Qéh&tn}obi @Fﬁﬁe&aiﬂ’ff
these oilsdd orage stability &MI oam

coppepliisesp b@mﬁt ety ?g ) gl hgpase P* gﬁéﬁ“& “?"hdex
elcip X oA
e T e v T s P e o1
t he Hiotsascgeater.ui the arbs whdireedlvs svusdl 9058 peti 19000 or
th 1ec§ C?S&“ti t‘rﬂ@@eugﬁeg eARL 4 11S00R) B SRLEL: 4 RAR sé’z@t’r‘&ﬁieté&pta@mf’:

esi cycloparaffinic finictional ty, and
Fat i'z‘m'amf yliet mhesmwsmtrpmpro@mawé&@fnf PiFe 1 s 1000ata
ftncti a%kt éggkéles Mul ticycl oparaffinic
f uncts ? ea érthan 12 These exanples would
have 1% base oil having less than 0.5 point reducing

b ee nﬂﬁl lﬁ%s%ranctwnfeﬁy %@d Qﬁgst at, ‘ﬁ{ug%a%p ﬁﬁa&m??héhff }ié;‘.‘;%\ﬁae! &ci{nﬂs for

il compburid tvpes were gssumed ' he 1.0, such that wetiht Percent was determ mersi

30 from arex percent, The scquired mass spectsa were summed fo-génerale one

"averaged” spectrum,

The lubiicant base oils of this invention were characterized by FIME inio alkanes
anid molecules with different mymbers.of ansaturations. The molecyles-with
25 different nuinbars of uhsatirations shay be eampised of cycloparaffios, olefins,
and azomatics. If arpmatics were present _‘En‘.:sig1ﬂ.ﬁcant armounts in the tobiicant
base of they would beidenified in a;heFMS an&iy‘siis“ia?ﬁ' 4-ussaturations:
* When olefins were present i significant amounts n the lubsicant base ofl they would
be identificd in the FIMS analysisas [-unsatarations, The total ofithe 1 -unfaturations,
30 Jamwarsrations, 3eeasatiations, d-nusaturations, S-unseturations, and-6-onsatiralions
rom lha?l“‘v!S é#alys:i-s; minus b3 Wi%, olefins by proton NMR, and minus the wt
arotwatics By HPLE-UY is the total weight percent of molecnles with cycloparafiinie

=B~



letins, and Wth a bright stock that is also a pour

cut;

Exanple 3: 20 Th cornartive: bl ends were nmade

using o*anal Goup Il base oils, using the same gear
Q&Q@ﬁ@{g}; addi ti ve packages as the bl ends deggtiBagoccos0
in

anple 2. The | ations of these conparison bl ends

are SIIMTlari zed in Table V. - Conponnt | n% Conp.
ARD Conp. GEARE CongL GEARF SACGradc -9 85W 140

??c%%%& 7K E{O u%maﬂ agxt. ;?i ?‘th@ leauép N%tﬁ}gﬁ ﬁ‘\{ﬁ" gromuatics

)

18

Eal
it

30

confenl Was ot méasured, fwas assumed 1o be Jess then .1 wilhand not 1r1<:1ud~‘d in

the caleulation for total weighipercentof moleciles with §§§elapargfk.1nlc

functitdaliy.

Moltulis with cyeloparaffinic furctionality tean any, moleculs that is, or contams ag

e or more subsiifuents, a monoeyelie-or a fused myghticyelic satarated kydiocarbon

group: The eycloparafiinic grovp may be-optionally substituied Wil Ongeor more

substituents. Rﬁp_ﬂ'ﬁe;‘l‘taﬁﬁ{e examples inelude; but are not limited to; cyelapropyl;

eyelabityd, tyelopentyl, 'c};ﬂbh;zxvi -eyelohiaptyl, éecahy&imsaphﬁﬁimeg

,-@etaiwdmpentalmc, {pentaﬁa:can—ﬁ»y[)cyc,iehe\ane 3,7.18- trncyci&hm}ripcnmdcmne

Molseiles with monocyeloparafiinie finctionality mean any moleculs that is.a

monecyclic saturated Tydrocarbpn groupeat 3 10 7 ring cathons or any siptEoly that is

substitated with 4 Singhe minocyclie sateated hydrocarbon group of 3.10.7 ring

carbons. The cyeloparaffinic group may be opfionally substituied with ong'ormore

 sibitituents. Represeniative examples include, butase st limited fo, cyclopropyl,

cvciubntvl cyclopentyl, cvciohexyi cyalaheptyl (pentadedan-5-yi} cyclohéxang, aid
ihe jike.

muttxcy‘tlmﬁsa’u*ated h}-drecarben Hnggroup of two orpore fused rings, ‘e_my_

malecnie that'is subsmu&ed Wwith one or-more: Teed. mulacvchc saturated hvdrocarbon

g gIoups of two-or morefised rings, orany moledyle that i substitited with more

than ene midnoeyelic. satwwteﬁ h}fdmbaﬁ}::m group of3:te 7 ring cathons. The: fm,d

'muiiacvc{n, saturated: hydmcarhon ring, group. preferably iz of g fissed rings. The

eyeloparaffinic gioup may ?)gq;mop;aliy subsummd with orié or mors sabstituents.
Representative examples include, but ere-not limiied to. decahydronaphthaleric,

octakydropentdlens, 3,7, i‘t’é-tzic_:}f?%@hﬁﬁi}é@taﬂﬁmﬁ@; deeahydro- 1 -(pentadecdn-6-y1).

naphthalene, atid the Tike,



16.34 75.71 flI 030. 'leo Brigla Stodk SO 14 76A6
0.30 PNMAPPD 040 Cont osi on ohirntor 0.08 0k4 0.40
Anti foam Agent 002 0 02 0.01 D sperstarthtetergent

* Woh-A%sP- O Antioxidant PCT/US2007/066080

NME Hranchine Proverties

- The branching'properties:of thie base oils Of‘ﬂj’if'preﬁmﬁi"?ﬁ‘#‘entibn;vmgdeimrminﬁdi
5 byanalyzingasampleof oil using carbon-13 (7Y NMR-accerding fo the foliowing
thn-step pricess. References cited in the deseription’of the protéss provide detadls of
{hie protesd steps. Steps | and 2 are performed oily on the initialmaterials from-a pew

Prosess.

10y Identify the CH branch centérs and the CHy branch teimination points
using the BEPT Pulse sequence {Doddrell, 13.T,; Pegg, DIT.; Bendall, MR,

Journal of Magneric Resonance 1982; 48, 3236C).

2y Werify the absence of carbons inistating multiphy brafiches (quatérnsiry
135 -carbons) using e APT pulse sequence {(Patt, §.1.; Shoolery, JN..

Jowrndl of Magnetic Resonanee 198 46, 5351F),

35 Assign the various braiich earbon féSoriamioes 1o Specific branch positions
_ and lengths: using;tébuﬂé{teEi‘-'and:'ﬁal.culafed.évaiue‘s.{Li’_ﬁgiemén,T,I;vf?'. X
20 Jowrnal of Qualitative:drolyrical Chemisiry 83, 1971 128511
Mggmlrs_z;ﬁ;,&,; eral,, Fuel, 60,1981, 30716). |

Exaniples:

Branch NMR: Chemical Shift (pprej
Fomethyl 227

3-msthy! 193oriid

4-methyl 143

--s;;;emgxb;;;«-_f 15.8

30 Interad) ethyl 108

)
A

 Internal propyl 14.5 0r20.5
Adjacenst méthyls 1 6.5

o



000 0.1 Tthal 00. 10000 WOOD ToVit % of near
| ubricant ha-nig <006 wt./ mantles, > 20 wito total
nol ecul es with cyclopartam c actionality; artd a

WMdh91i%fssmo! ect Ces wi t h monocycl opar af fini ¢ peraszen70ss0s0
functionality to nolecules with ulticycloparalfinic

fanctionality > 11 0 Note.that G tgo Bright Stoak
150 is a Goup base oil haau 25 y4 5 aromatics and a

VI less than 100. The properties & these three gelv
JubTi t ant . Whidsane shown in Table VI. Table VI

Proper t i BSiGeTpasEhARDGEmpy aGHMRECatrpy pesitions by semparing

the integratad intorisily bf fhie specifit carbon f the methyl/alkyl group to the:
intenisity of & single carbon {which is equal to'total integralimunber of carbons
3 per sioleculein the miktuze), For the-urique dass.of the 2-uefiyl branch
wheie both the terminal and the branch methy] oceuratthe same resopance
position, the intensity was divided by two befoie estimating the branching
density. i the 4-methy] branch fraction iscakeulaedand tandated, its |
comtfibition tb the drmethyls rust be subitapied o avaid doublé counting.
£t
§) . Caleulate the avérape ¢arbon number. The average carbon fumnber shay be
| deternined with sulficient acouracy for lubricant materials by-dividing the

melecolar weight of the sample by 14 {the formila veight of CHz).

15 6  Thenunberof banches per iolosule is the stm of th branches founddn

‘sep 4.

7y ‘Thenumberofalkyl branches per 100 carbon atoms is caloglated from the
mumber of branches pek mlecule (step 6Y tiries 100/verage varborenumber.
" . & ‘
% Estimatc Branching Tndex (BI). The Bl is cstimated by 'H NMR Analysis
and presentid as percentage of methyl hydrogen {Ehemical shift range -
0:6-1.03 ppm) ameng tofal hydrogen‘as estimated by NMR i the liguid

hydrocarban composition,

)
Ay

%) Estimate Branehing proxinily (BP). The BF is estimated by P NR and
presented-a3 PeTCENIAge ofru:umng methylere carbons whichiare four or mote.
carbions @way frobh the énd group or & branch (represented by*aiNRf{Rsi-gra_af.fé-f’
29.9 ppni) among toial carbons as estimaied by WMR inthe liguid

3G  hydragarbon composition.



GEARF SAE G ade 80W90 85W 140 80W90 Viscosity at
100C. cSt 14.23 24,92 1453 Brookfield Viscosity, cP,
65100 77500 Bnokfield Viscosity, cP, crii-12C 35500

: ~vdg(?%h7,§§&s| Sect 11 Seri Il 0107 0/0 0/0 3/0 f¢RHubbrossoso

1y Caloulate the Frée Carbon Index (FCI). The FUL is.exprossed in uiits
of carbons. Counting the tevminal methy Lor.branch carbop as "ohe” the
carbions {5 the FOI aié the fifih.or greater carbens froneither 2siaight chain
terminal methylor frony a-branch mething carbon, These carbions appesr
5 beivigen 29.9 ppm and 29:6 ppm intlie carbon- 13 gpectrum, They are

measured as follows:

5 calcalatethe average carbon number of tie moleciles T the Ssinple a5
ingtep 3. |
10 : -
b dividéthe total carbon-13 integral area (chart.divisions or.area counts)
by the averazs carhon number from stepa. to obtiin e intogral dree

pér carban i the sample,
13 €. -' ‘measuré th aréa :Eétwaen-i‘;?}ﬁ 'pp’inaﬂd.:29:35;1}12%:12“&-:11—'&6-g;;mpl@_, and

4. divide by tiic integral atea pér casbon from step b.to obtain FCT
(EPI062306AT).

20 Measurements oan be performed nsing any Fourler Transform NMR spectrometer.
Prefé:rab}y, the: meaéuraménté g p‘erﬁsr'mé-d’ using':a sﬁpet-;tmm&ter' hw%?ng: ainagnetof

seryey tha;_al,amanu- gar;bycns,w;re dosent; ther spec;mf mdth forthe bC ‘\IMR qmdr::&
wis Hinited to the salurated carbon region, about 0-80 ppr vs; TMS

35 (wtramethylsitane). Solutions Zgjiﬁﬂliéiﬁ% oy veipht i cliloroformed 1 were excited by

ps pulses foliowed bya 1.3 s&éﬁifda;qui;siiiifﬁna=1'{-m;%:_, Inorder to rhinimize nén-unifotm

intensity data, the broadband proten inverse-yatéd destupling was used diing d
ﬁsé;c’nmgjdéi‘a}gpriér'w't’h‘e é’}:;’:’:i-’i&'ﬁﬁﬁpﬂ:lse; and on-during acquisition. Samples wére
aiso doped with 103 to 0.05 M Crlacac)s (iris _{zir;éiy‘iacqtbﬁaiq};gﬁzémium{}II,:}’) ada

30 - olination agent tognsure fafl intensitics.ave observed, “Totsl experiment imes ranged
from 4 to & hours: The: H HMR analysis were also caned out using & spectiometer

having o magnet of 7.0°T or greater: Preednduction devay of 64 copveraged trapsients

-3 -



35/0 010 Cu Strip Conosion(r)100C for 3 liours 1B 2C
113 Storage Stability Rating after 20 Weks at Room
Terntane, Lir/Sedinment 210 210 2/0 Storage Stability

LRk Adsgeeks at 66C, Liquid/ Sedinment 2/1
o R B ookt il O Fatto gare 1425 5335 CETgHbosssn

rain in) 3713 . 1419.9 37833

“ire acyuired, eraplaying 4 907 excitation pulst, & relaxation decay of 4: seconds, and.

sequisitor tirne.of 1.2 Sseconds,

“The DEPT gnd APT fequences wWere ¢arried cut acootding to litessture descrintions

5 with mirer deviations described i the Varian or Bruker operating manuals. DERT Is
Distortisiess Exhincetnent by-Polarization Transfer. The DEPT 45 sequence gives a
signat atl carbons bonded to protens. DEPT:90 shows CH carbons only. DEPT I35
showes CH and OFly up and OHs, 1807 oiit of phase.(down). APT is Attached Protos
Test. St allows ail carbongto-be seen, butil CH and CIT; are.up, then guateraries and

1 CHyare down: The sequences are uselfyl in that -ﬁayery-“bt“ajxch,mf:{h}fii.sﬁmif{l havea

The branching propertiss of cach sample were determirisd by C NMR-using the
15 assumption hrtlie calealations that the entire sample was Iso-pasaltinie. Cerrections

were z‘xsipmadgﬁj;;;_n-ijamfﬁﬂsgbrmpﬁt&enész'wh';ich may Bave besn present indhe oif

saniples in ﬂatyihg;amaunts; “The naphthenes confent. may be: measured using Field

Tonization Mass Spegtrogcopy-(FIMS).

20 Akl --xﬁaansg._ajingﬂr'S'aﬂjxﬁiied;mqnoiralgﬂf 'h}idrp_caﬁﬁqn radical of ‘
1466 carbin atoms or 2 branched-saturated mencyalent hydrocatbon radical of
30§ carbon atoms. Prefeiably, the'sikyl branclies are methy]. Examples of alkyl
branchiew iniclude; but are not limited to, groups such asmwethyl, ethyl, nepropyl,

isopropyl, n-butyl, fsobutyl, sec-butgd, tbutyl, n-pentyl, and the like:

EXAMPLES

Thie foltowing-examples:are.included to fintherclarify-the invention but-ar¢ ot 10 be

gonstrued as Hmitatios ohithe §cope of the invention.

RE
(o
;



These conparativ bl e ends nade using different base

oi | sdid not have the desired | ow Brookfield

viscosityrelative trt the kinenuttic.viscosity of the
[mjflggglcants of this Mention. Al or thaf/bade@esoso
ookfield -Ratio (ratio of Brookfield ViscositY at

13 in C,dit,.vided by ale kinematic visctiSity at

| ovet han ) greater "ttn armount defined by the

-equation; 10Brookfield Ratio = .513x e" 74) None of

Theinmmlﬁal ned any of the preferred base oil wth:

a) less than 0,06 wt % aronmatics, 15 b) greater

than 20 wt % total nol ecul es W|theC|o raffinie

f ahetivenatdetypobaihaied Epeher AtPEha P%@%E@P RgiPpOReTies:

nmonocycl oparaffinic furnionali ty to nolecules wth

mul ticycloparaffinic functionality greater than I 2,

Exanpl e 4: Five base oils, ¥Rl 1 ET-4 3, F1-73,

FT-8.0 and FT-1S wePevamide from the samdg 5 FT wax

descri bed in aanpl b“?!_“?&fu‘_“m —— 202 |

pr osssuedt bt naket h&bhas. oitsoneri zation

- dewaxi ng, hydrof i niL8HBFRYT I ractia and bl endi ng

to a viscosity target FT-16 was a vacuumthstl [lation

bOt t 1% 4 gl 4Gt wasl f){ E!E) %h%e 19t 08 MB B RRR! HRh@-Tropsch wax
reater extent hese base oils, such that the

'oI efbiy hgirmmrfeneﬁﬁﬂeéft\’rwg yivdiofimsies Edctiopelginang blsadae to 2

oi | ybased FT

wax “"iﬁ”sﬁamghw e}% lgaﬁ%g'% mé(?%?}%%;gg%nﬁ@tlaﬂe}gs titan 6

ppm sul fur and a Wlt%)f n-paraffin by GC of 76.01,

The 11-24 base 0|I was nade sR))(ﬁﬁydrm someri zat i on

dew. axi-ng, , I ronat g, amg

sel ection uf a heavygi{__yﬁeﬁ mh” oduct havingsas 2

ki nemat i c wiscost Yt APk G gRrer t ham|{20565d and a

110 boili nqm*grle*aﬁ&[‘ﬂﬁ&g{r TO00™FThe gk X
different base;,—this rﬁ&g_%,gtecgpr operti'es as shewn ji n

Table VI I ) I8 LSBT0 066080  473]]
FT-16, and; FT-24 are & |n5I ess than 0.66 |% opti ,
S5greater than 20 % totalig/sml ecul es w t h |c 7paEssf fi ni c

tinmed and 5u. 905
: 6490 C ] 5089
95 L
I-Ring ' o RNk}
2Ring G.00416
JRing : - D.00028
A-Ring. 0.00032
G-ngl - 000001
Toial Wt % Aromatics s (1 138 1'9
W% Cletin | 445
FIMS, Witk ' | o
‘ Alkangs | 727;:3'
T-DUnsaturations | 272
2. fo §- Unsaturations 4.0
) Toadd | -‘ii‘i}&';:{‘).
Total wi% Molecales with Cyclopacaffinic 27.Z
Fimeiionahity , ",
Ratis of I\"enec;c lopar 5fas to. Evlul’ncvclopamf F ins -_)jl_!:}ﬁ]_
Chidator B, Wouts 24,_0‘785
i the squation: VE= 28 x EnVISIOO +X [ 108
Trac.imn ‘Costhicient st 13 8t M

6



a ratio of nolecules with nonocycl oparaffinic
functionality to nolecules with nulticyvl oparaffink
functionally greater than 12 FT-7.9 and FT-8;
- WobReHlIshaving high VI and total weight per gefysao07066080
nol ecul es with cycloparaffinit Ofunctionality, did
not have a ratio of nolecules wth
nonoeyol oparaffinic functionality to nol ecules with
nmul ticycjoparaffinie functionality greater than 12.
“and~FT-24 are al so pour point depressing base
oi | bl endi ng conponents prepared froman isorrierized

Fi schels : %@aéqﬁg%,'é%‘?gmpﬁﬁéﬁi—%%a@ &Fﬁ& w?%%r%e%r bbsicant EP

ree hiended)
3 and Bre pour®pol nts suc at eratio

FT-43 an
of patimesd Sidiiwtpackiges Qhetgenr ibeicdat vt porkedos eoginsyd sutfur

attocpt .in cB8t,  vs/ias greater.than a. Base, Ol Bouka. .
P cPong e Rl e St bR AR b B pgnives,
t he waipatd el pihBassiGs] THRatditverast Or CEARSBaXCGEARB Weit the.

Ln(kinematie Viscosity g 00 -18 Alto hese hase .. .
oi | “BE CtronaH f RARR reahe o Qe GB85unians
measgigdtialaddifve dldi aQHARC varshi deleak bbéenatd o cafind il

Snrprisingiy, the FT-7°9, El 116 and W4 . base oi.ls
bad BFOER G CEoRTT LG ARs F*a?ﬁ%'g‘ﬂﬁ%@%ﬁ@ﬁ%ﬂﬁ%‘&
ap  esReaLAL AN HEaW CHpGhERN TROBfiLbaN! ikhe hes Sed Mcant
OA)I_1. The-lubricant. base oils having a traction '
coef §lfeFaReuawgeq NaePiedtooLar e - exanpl es: a base oils
that woul d: De espeCi ally useful in gear lubricants to
save energy. Ezcaretples of ga_r:EI ubritlants Were

4.50

4035

Mo
Yy 53,29 -

| .80

, 3:60

Mgl 10 ool

E-Grpde 1oV 9055

00 00 | D3

et | (5666 | 16000 | J00.00.

Total With of goar lubricant baving: <0.06-wit% aromaties, > | 4978 { 1161 | 4035
20:wi%% total molecules with cycleparafiinic funetionakity,
and a rasio.of molesutes with monocycloparafinic
functionality to:molenles. with multieycloparaffinie
funciionality > 12. ' '




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

wh DoP1fkidsT-7- 9 PCTNUS2007/066080

EH

15,

Table IV

[Propertiss

GEARB » GEARS

| SAE ¥i seosity Grads.

_ B0y BEW- 140 SowAn
cosity at 180°C. {:St o ' R LE L 9532 F . 1AET

1 Rreakfiell Viscd

31750 36250

| Brookfield Vu:c(}sﬁy,i

15650

| Foam

Seq i 0 NI N R
Seqlb} - 040 048 1079
Seql] 04 e 8l

-'{Zﬁu Burip Cor mmﬁn@m{)"ﬁ for 3 Howrs

T 2 4 m

20 L awe | 2.

btemﬂe Stabxlm' after- 20, W eeks at 56°C,
quu;d!S&damem 2| W 241

T B e 1 26 : -2 ‘ 26

Brookfield Ratio _ b 3108 TR 2498

T ae ST T RS | jdweg | 739833

'i‘néﬂs’ir_ia} bcanngsand : gcars;f{’hey st stitable for mpéo-ffﬁt Izzmu'ed _sl;lp differentinis.
They meet the requiirements for the 750,000-niile.extgnded warranty progyam. in
DiinaiSpicer axlos. GEARA also meets the reqidements for extended service in

Weritor axdes for 500,000 mile oil draing; GEARC is ideally suited for eavy duty

manual transmissions. GEARC nieets the fequiteiaents for Estons 750,000:mite

sxtended warranty program for transmission fuids.

-GEARA, GRARE, and GEARC sare-examples of the gear ubricants of this investion

with very-low Bﬁ;ii_}kﬁélﬂ visoosities relative 1o their kinematic viscosities. All three of
them havez Brookfield Ratio (ratio of Brookfield Viseosity.at B, in 7€, divided by-the
Kinematic Viscosity at TH0C) less than or equal fo & ariountdefined by theequalion:

Brookfield Ratio = 613 x eH7*P

Their low ratios were surprising cpasidering that they cofitdined si o flcant AmGuis
[ SIE-RUIPILMNE 1g Laal they-Condalag g

-;oif:'_(:iiigg.B‘:i:gh.;f-s-tack 150 and nio viscost t;.‘a;'imiax...impmx_rf:f-. Ad&?ﬁ(mg;:ll_}"-al}_ threeof

Z38-



0.0 0.0 0.0 15.0 18.5 20.0 FT-8 153 123 93 0.0 0.0
0.0 FT-16 0.0 1.5 3.0 0.0 0.0 0.0 Total 100.0 100.0
100. 0 100.0 100.0

WO 2007/118158 PCT/US2007/866080

20

theserdils shawed good storage-slability; Jow foaming, and good copper strip-cofrosicn

vesulis. Surprisingly, to Viscosity index imprever vais used r any of these examples.

GEARA and OEARG bothhad imore than 12 wi¥s of the base ofl, based on the weight

ofthe total gear lubificant, having shs-mnore: desited propertics ol

g

#) fess than 0.06 W% gromatits;

by greaterthan 20 wio totat faalenules with cyeloparaffinic furctiorality, and

<} amtio of molecales with mondtyclopatatfinie fﬂq;ﬁi’gﬁaﬂﬁy oy molewiles with

sraltisycloparaffinic functionality greater than 12,

--’I.'Iié-«se-e:xém;ﬂeé woild havehad even belter properties ifthey had been hlended with.a

Base oil having Tess than/0.5 wWi% olefing and withd 'brig?l-t’-s'{aackatﬁﬁ{' fe alao & pour-

poiiil reduicing blending compovent.

Thﬁ;—ae--mmparamrs-hiéﬁds-we‘sxe made using conventional Group I base oils, nsing the

same-gear Iubficant adgfitive packages as'the blends described in Bxample 2. The

| fomvalations of these comparisen blends are summarizedin Table V.



100.0 Total W % of gear |ubricant having: <0.06 w %
aromatics, > 20 wt%total nolecules with
cycloparaffinic functionality, and a ratio of
vJH)J[(}E‘ﬁﬂ]Isfs% wi-t h nmonocycl oparaffinic functi onap¢tasde®rossose
nol ecules with multicycloparaffinic functionality >
12. 34.8 37.8 40.8 35.0 31.5 30.0 10 The properties
of these. six different gear lubricant blends are
shown in Table I X. Table Iq)j(ﬁhlig_,?perty GEARG GEARH

§ Component, Wi¥h Comp. e | Comps
. GEARD : GEARF

| SAL Grade . T TEWu0 [ ssWerdp | BOW-9D.
SiP & Borate BP Additive , | &30 | 650 | 4.80
Chevion §00R. L FBIR | 1674 | 7571

| Ciigoy Bright Stock 150 ' 1482 | Jale | 1793
PMAPPD . . i A0 030 | 680
Comosiomdshiviter _ 108 | 464 | 080
Antifoam Agent. | 602 | 002 | GO0b
ﬁ;spersant:[)etergmt o ) _ £.00 024 400

- Apfioxidand B o booee | 008 | 4S5
Total - ' 0000 | 10080 1000
“Tata) With of gs,ar lubﬁcmi hawm <0 06:wi% (I ¢ TG

total molecules: wuh eycloparafiinic

'ﬁmctmnahtv and & satio oF Miotsciles with
menocyelopatafiinic functionality fo molesulds with
sulticycloparalfinie fanctionality > 12

ﬂnt@-ﬁﬂi stC Ltgo Btigﬁtﬁ%éék 150452 Group 1 base ol huying greater than 23 wi%

fable_ VI,..

-0



GEAR] GEARK GEARL GEARM SAE Grade 75W90 75W 90
75W 90 75W90 75W 90 75W 90 Viscosity at 100C, cSt

14.87 14.88 14.84 14.28 14.68 14.82 Viscosity | ndex
W&500356:456 158 157 157

Fable ‘;“JI

PCT/US2007/066080

| Prapérics:

Comp:

. GEARE

Lomp:

GEARF

SAE Grade

| EswWoan

ROW-00,

Viscosity at 1 00°C ¢St

2452

153

 Brookdield Vistosity.cP,
H@-2AE

TI500

,@}‘”C

Bmﬁkf’;id Vift{:ﬁSiw ok,

- Foam-

S 1.
SegH
Seq 1

94
o
hih

of
b
08

i)
‘3510
010

CuStrip Comasion(@I00°C for 3 Heuts

1B

Ternperature; L 1q!Sedsz.m

Storage: SIbity Rating after 20 Weeks at Rooin,

L

2

“Storage Stal

y after 20 Wacks at 565,
Ltqwdf‘;edmert

Wt

e

B.2€

36

Brookfeld Raie

4575

Tazs T

613 xe H0xR

)

‘These comparative blends made vsing different base oifs:did nothave thie desired low
Brookfield viscosity telative io-the Knematieviscosity of the géar lubticants o this

invention. All of them had a Brookfield Ratio (ralic of Brookfield Viscesity 4t [3 in

o, divided by the kineiaic viseusity at 100°C) greater ihan sn amownt defined by

the squation:

Hrbokficld Ratio =613 x o008

8y less Hhan 006 wits aromatics,.

None of them contained any of the preferred base ot withy

b ‘vrean,r than 20 wi% total molecules with gycloparafiinic 4 prcfionality, and

) - aratic of moleewles with-monogyeloparsffinic functionality 1o molecules with

minfticveloparafiinie fanctionality gredter than 12,




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

v?é %8)7/7[ ?8428 ' PCT/US2007/066080

Five bast oils, FT4:} FT-4.3, F1:7.9, ¥T:8.0 and FT-16; were made from the same
5 FT'wax described in Biamnlg b The processes used to make. the biase oils were
hydroisuinetization dewaxing, hydrofinishing; fractionating; and blending ton
yiscosity target. FT-16 wais a vaciuin distillation botisms product, Hydrofinishing was
done fo-a gisater exient with these base oils, such it the olefins were elfectively
chiminated. A sixth hase oil, FT-24, was tade froth.a hydioireatsd Co-based FTawax
10 having less than 02 ppm —nitmge_rg fess than. 6 ppo sutfur and 2 wide-of n-paraffin by
GCof 7501 The FI1224 bade i) wag made by 'h}eﬁmisqmérﬁizéﬁ?m dewaxing,

hydrofinishing, frietionating, and sélection of a heavy bettoms product having a

kinematie viscesify af 1{3(}°Cgrealer than 20 ¢85t 'éin‘{l—f_z_i"r?{(} b‘m-liiilg ?L‘iiﬁt gréaer thaiv

FO00 °F. Thie gix different base oils had the propertiss.as shown in Table:VIE
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Component, W % GEARN Conp. Conp. GEARP SAE G ade
75W 90 75W 90 Gear Lubricant Additive Package with
S/ P EP Gear Lubricant Additive 50.0 50.0.FT-4.3

“%620(77“]1%3 FT-8 23.3 34.6 Total 100.0 100. Opdet@ho7/066080

vavo of gear |ubricant having: <0.06 w % aromatics, >
20 Wt % total nolecules with cycloparaffinic
functionality, and a ratio of nolecules with

monocycl oparaffinic functionality to nolecules with
nul Fi'eyic FopgécAF-f6,antFT-dhat bonall bayig: 12,

o) Tess than 006 wilvh aronsatics,
5 b wreater-than 20 witdh total molecnles with: c}c‘ioparaff' nic fimctionality, and

€ st of moleceles with monocycloparafiinie functionality to molecules With:

‘multieyelaparaifinic functionality gr fﬁ&t'é}f"ﬂiaﬂ 12 FT:7.9.403 FT-8, althotigh
‘baving high V1 and total weight percent molecules with eycloparafiinie

10 functiopality, did not have'd fati@ of molspules with monoéytloparaffinic
‘fimetioflityto:molessles with multicycloparatfinic functionality grealer than
12, FT=16 and FT-24 arg alse pouf poing depressing hase'oil 'bi?ﬂ_ntdiiié
campanents prepared froran isomerized Fischer-Tropschderived bottors:
prodiet. FT-4.1, FT-4:3 snd F1-7.9 Had pourpeints such that the ratie of polw ‘

15 ~ poiist, it °C, 16 the'kinematic viscostty at 100°C, in o8t was greater than g
s Dl Poiir Fidtor, where the Base Ol Pour Fattot is defined by the

e;;'uaif O
‘Base Ol Pour Factor =7.35 x La(Kinematic Viscosity at ADGPC) =18

AR :.a%"ihese: base oif fractions also had traction: cn‘aiﬁciems tess than 0023 when.

25 ceetﬁ:cmnlz Jess thrart 0.021 ;ara-ax—amgles:ﬂf hase Ql]b thist wouldbe tsyesaai}):. use,ful. i
gear lubricents to-save energy, Exemples.of géar tubricasts where significant encrgy
SAVIRgS wonld be achisvediare heavy duty gear Jubricants, BP weer hubricants, and

wormgear. lubricanis.



26.7 18.7 The properties of these two conparative

gear lubricant blends are shown.in Table XI. t 5

“Tabl e Xi Properties Conp. GEARN Conp. GEARP

Actual - SAE- G ade SOW90 80W90 Viscosity at 100C,

@ ) % 69 15.36 Viscosity Index . 155 156 Brookfield
ty at 40C, cP 157000 164400 Brookfl el d

Vi scosHy at -26C. cP 12840

Six b}ends of SAE75W-90 gear lubricant were blended with different combma’uons of
the base oils described in Example 4. The formulations of these six gear lubricants are

5 . summarized in Table VIIL

Table VIII
Component, W% ] GEARG | GEARH | GEARJ | GEARK | GEARL | GEARM
SAE Grade T5W-90 | 75W-90 | 7SW- | 75W-90 | 75W-90 | 75W-90
. ) : 90- .
" Gear Lubricant Additive 500 | 500 50.0 50.0 50.0 |. 50.0
Package with S/P EP Gear , ' .
Additive B :
FT4.1 0.0 0.0 0.0 35.0 31.5 30.0
FT-4.3 1 348 363 | 37.8 00 | 00 0.0
U FT-19 00 | 00 00 | 150 18.5 20.0
CFT-8 - 15.3 123 93 0.0 0.0 0.0
FT-16 = 0.0 1.5 3.0 00 | 00 0.0
Total 100.0 1000 | 1000 | 100.0 100.0 100.0

Total Wt% of gear lubricant | 34.8 37.8° 40.8 | 350 315 30.0
having: <0.06 wi% ‘ ' : : '
aromatics, > 20 wt% total
- molecules with -
cycloparaffinic
functionality, and a ratio of
‘molecules with
_ monocycloparaffinic
- functionality to molecules
with multicycloparaffinic
functionality > 12.

10 The properties of these six different gear lubricant blends are shown in Table IX.
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10

15

20

11620 Pour Point, C -43 -42 -26 -26 Brookfield
Ratio 818.4 756.5 613 xe(-0O'") 3783.3 3783.3
Because neither of these bl ends achi eved a maxi mum of
150, 000 cP at -40C, they épgip not neet the
specifications for_75W9 lubricants. Jnstead——
t hey Frupere SOW PGEGBGT| GEARN § ARAR) |ABEARK BARM |
conparative gear |lubrjicantsi{in Table Xl

usT RGEih&iesane| bawa0di 153V-88 | 7AW - ie1ids 990

a0 AT Ib¥CT af Migh [viiggesilt y4.ehdexds t
have tite excel|ent | ow Brookfield [Ratio of the

| PTE1sEdshty § dQ@af FgT cantsg off tiwes || nysant i onls7Nof e 157 |

ner _amoun aseg oi |l (greater| than 22 wt % jof
};/Ii ng: a sequentlal nunber jof carbon at ons

lﬂr&]kﬁé’lﬁ Tockhity | fﬁ 06 9TPBREG ! w€13t§doend§30@mnt1ai7md|0azmo |

el o “’_jﬁdt'i uie(ul_qg, 'th47cyc|04_a§raﬁ’r|_mc

fu .pw' Sha A _9':"0.&; F.at‘ZO:U of __43| ECULRS WTHp

rrnnm“ﬂ/r‘

Goaraf _ 40 .
'mBrp¢l<rﬁ¢ld|l¢im.m='f'z'$8ﬁ};}?SA? 3 EA R S TS T

1688 e (Ot BA | 1 1088) o0y 1t 1098, gﬁ@aﬁ?“ibotf ot

.useful in this.invention. Exanpl e 7: A base oi I was
prepared by hydroi somerization dewaxing a 50/ 50 mix
of Luxco 160 petrol eum based wax and Moore & Minger -

I@tg ﬂi%%?lqﬂaéﬂd VR hioHESEB YR €1 Ratie (Wiehlistesdesitedyaas

| ni she d fractionated by vacuum :
@EARM |Cftthese sardples, SHAR Miadsofred dhg lofvesidatakwrightpsgpent of base
havi ng the properties described in TabI e XIl. ' Table

]alla"%‘rpl e Propertl es

| a) less than 0.06 wt% aromatics,

b) greater than 20 wt% total molecules with.cycloparafﬁnic functionality, and

c) a ratio of molecules wzth monocycloparafﬁmc functionality to molecules with
multlcycloparaﬁmc functionality greater than 12. The blends additionally
comprising a pour point depressing base-oil blending component .pr-epared
from an isomeﬁzéd Fischer-Tropsch derived bottoms product (GEARH and
GEARJ) had lower Brookfield Ratios than GEARG which did not contain_‘ any.

Example 6

Two, comparatwe blends of SAE 75W-90 gear lubricants were attempted to be made

using the sarne base mls as used in Example 5. The formulations of these cornparatzve

gear lubricant blends are summarized in Table X.
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FT-7.6 Viscosity at 100C, ¢St 7.597 Viscosity | ndex

162 Pour Point, C -13 Total W % Aronatics 0.0168

IveA Oefins 0.0 FINIS, vveh Al kan [

_ .0 , es 1-Unsat

2-.t0 6- Unsaturations Total 58.3 34.4 7.3 103r8t| one
Total wt% Mol ecul es wi t h pd¢ Bparaf finic '

Cianod Lom
FURCTTOMAlrT Y Component, Wt% Comp. Comp.
- GEARN | GEARP |
SAE Grade ' 75W-90 | T5W-90
Gear Lubricant Additive Package with S/P EP Gear Lubricant: 50.0 50.0
Additive i
FT4.3 26.7 - 18.7
FT-3 \ 23.3 34.6
- _ Total ' 100.0 | 1000
Total W% of gear lubricant having: <0.06 wt% aromatics, > 20 267 | 187
Wit total molecules with cycloparaffinic functionality, and a ratio
of molecules with monocycloparaffinic functionality to molecules '

with multicycloparaffinic functionality > 12

The properties of these two comparative gear lubricant blends are shown in Table XI. -

. Table XI

“Properties Comp. GEARN | Comp. GEARP
1 Actual SAE Grade _ 80W-90 - 30W-90
| Viscosity at 100°C, ¢St S - | 15.69 ' 15.36
| Viscosity Index . 1 155 156
Brookfield Viscosity at ~40°C, cP. | 157000 _ 164400
Brookfield Viscosity at -26°C. cP - 12840 11620
Pour Point, °C___ : -43 -42
B,°C - ' o o -26 -26
1| Brookfield Ratio ' 318.4 756.5
613 xR \ 37833 137833

Bccause neither qf these blends achieved a maximum of 150,000 cP at -40°C, they did

not meet the specifications for 75W-90 gear lubricants. Ihstc:ad; tﬁey were 80W-90
gear lubricants. Although both the comparative gear lubricants in Table X1 were made |
using the same base oils as the blends in Example 5, and had similar high viscosity
indexes, they did not have the excellent low Brookfield Ratio of the preferred gear
lubricants of this invention. Note that both of these comparative blends contained a
higher amount of base oil (greater than 22 wt% of_FT-S) having: a sequential number
of carbon atoms, less than 40 wt% total molecules with cycloparaffinic functionality,

and a ratio of molecules with monocycloparaffinic functionality to molecules with
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41.7 Ratio of l\/bnocyCI oparaffins to

‘Mul ticycloparaffins 4.7 Oxidator BN, hoursT 45.42 X Y

in the equation: 'VI= 28 x Ln(V1S100) + X - 105.2
Traction Coefficient at 15 ¢St <0.021 FT-7.6
is-an exanple of a base oil made froma waxy feed
Hesltiewslopanafiinge Eancaipnalifafesaiban $2.d4rfodihed lel@f*ieh&éﬂ@? sppg of the -
%ggez%?)i QN Vg 5 i%ih‘X'Lv%ﬁi nematic Viscosity at 100C) +
T ppse 9ils BRI ANG ARy ¢ racti on coefficient. 20
Three different blends of nultigrade autonotive gear
| ubricant were blended with either the FT-7.6
deempleed i n exanple 7, or with PAO. The fornul ations
of these three gear lubricants are summari zed in
Table XI11. Table X IlI ~Conponent, W% Conp CEARQ

- GERRRO{P2K brepared by hydroisomerization dewaxing a 50/50 mix of Luxco 160
- petroleum-based wax and Moore & Munger C80 Fe-based FT wax. The '

hydroisomerized product was hydrofinished and fractionated by vacuu_m distillation.

" A distillate fraction was selected having the properties described in Table XII.

| ** Table XII |
Sample Properties - ' - ' FT-7.6
| Viscosity at 100°C, ¢St i ‘ : o 7.597
Viscosity Index ' ' - L ' 162
| Pour Point, °C : -13
Total Wt % Aromatics ‘ ‘ : - 0.0168
Wit Olefins ' : : 0.0
FIMS, Wt% ' '
Alkanes S 583
' 1-Unsaturations 344
2- to 6~ Unsaturations | 7.3
' - Total 100.0
Total wt% Molecules with Cycloparaffinic Functionality 41.7
{ Ratio of Monocycloparaffins to Multicycloparaffins - _ ' 4.7 -
Oxidator BN, hours e o - _ 45.42
X in the equation: VI= 28 x Ln(VIS100) + X ' -105.2
Traction Coefficientat 15¢St ' <0.021

FT-7.6 is an example of a base oil made from a waxy feed having a V1 greater than an

amount defined by the equafion:
VI = 28 x Ln(Kinematic Viscosity at 100°C) + 105

It also has a very low traction coefficient.
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SAE Grade 75W90 75W 90 75W 90 Gear Lubri cant

Addi tive Package with Na- Borate EP Gear Additive
7.96 7.96 7.96 PAO - 6 cSt 61.74 0 0 PAO 100 cSt
30.30 24.06 Citgo Bright Stock 150 0 0 52.05 FT-7.6

Of“hree d?ﬁ’ergx% b¥endd 8F Qllultilg%)deoautomotwe gear lubricant were blended with
either the FT-7.6 detailed in example 7, or with PAO. The formulations of these three

gear lubricants are summarized in Table XIIL

Table XIIT
Component, Wit . Comp GEARQ { GEARR GEART
SAE Grade 75W-90 75W-90 T5W-90
Gear Lubricant Additive Package with Na- 796 7.96 - 7.96
Borate EP Gear Additive R
PAO -6 ¢St 61.74 - 0 0
PAO- 100 cSt - ' 30.30 . 2406 0
Citgo Bright Stock 150 0 0 5205
FT-7.6 : - -0 67.98 39.09
Total - ' : 100.0 100.0 100.0

EHD film thickness data was obtained with an EHL Ultra Thin Film Measurement
System from PCS Instruments, LTD. Measurements were made at 120°C, utilizing a
polished 19 mm diameter ball (SAE AIST 52100 sieel) freely rotating on a flat glass
disk coated with transparent silica spacer layer ,['QSOOnm thick]énd semi-reflective
chromium layer. The load on the ball/disk was 20N resulting in an estimated average
contact stress of 0.333 ‘GPa, and a mé;ximum contact stress of .0.5(-)0 GPa. The glass

disk was rotated at 3 meters/sec at a slide to roll ratio of 0% with respect 10 the steel

ball. Fllrn thlckness measurements were based on ultrathin film interferometry using
- white light. The optlcal film thickness values were convcrted to real film thickness

values from the refractive indices of the oils as measured by a conventional Abbe

refractdmcter at 120°C.

Table X1y .

" | Gear Lubricant Properties Comp GEARQ | GEARR | GEART
’| Viscosity at 100°C, ¢St 14.26 1427 | 14.24
-Viscosity Index _' ' 157 160 122

EHD Film Thickness, nm @ 120°C and 3m/s 123.6 127.9- | 1482

Note that the addition of the FT-7.6 base oil improved the film thickness of the

automotive gear [ubricants compared to the blend having only PAO.
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100.0 100.0 EHD filmthickness data was obtai ned
with an EHL Utra Thin Fi | m Measurenent System from

PCS | nstrunents,

utilizing.a 10 pollshed 19 mm di aneter .

thic

and sem -reflective chrom um | ayer.

LTD. Measurenents were nade at 120C, °
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( SAE ALS
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on the bal | /di sk was 20N resulting in an estimated

fo Gftaddng
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FovptragionepsicieRts r@a%

PR ey ¢

a nmaxi mum

s decogiag 1 ks teachings in
Qfl bTr?% was Jiscldsed _

Imthlc ness

The | oad

e Petert A spliosticn mﬂndsleahcmrNad 20%0?]133408!&:&1&120050241990 FT-14

erferometré usi.ng white 1ight

Ekrlégers dip

The opt.i cal

3k Pase san isaion |{/B9563A e geember 7, 2005,

t hi ckness values fromthe refractive indices of the
Abbe refractoneter

oil s as neasured by a conventi onal
Talde XAant

at 120C. Table XIV Gear

Properties Conp

RO CEARR SiABProgesieS1 LY at 10PCFTCS5 18 PP-144 2 7FT-16
4.7 72 T SCORLE ¥y #NOSE, 4517 160" TZZ ENGGdy T THE §§MESS ¢ 48
M@ 120C ang; 3l migs 0 127-9 165 157 143

, Pour Point, °C -12 -8 ~16
- ASTM D 6352 SIMDIST (wt%), °F .
50 , 919 1045 1072
Total Wt % Aromatics 0.0058 0.0414 :
Wt% Olefins <0.5 | 3.17 0.12
FIMS, Wi% ‘ e
' ‘1-Unsaturations >10 402 38.1
- ‘ 2- to 6- Unsaturations <2 0.8 0.4
Total Molecules with Cycloparaffinic Functionality >10 37.83 - 384
Ratio of Monocycloparaffins to . >5 46.3 95
Multicycloparaffing o
Oxidator BN, Hours Not tested 18.89 429
X in the equation: VI=28 x Ln(VIS100)+ X 106.9 83 70.5
Alkyl-branches per 100 carbon atoms, by NMR. 791 . 8.38 9.41
Tragtion Coefficient at 15 cSt 0.017 0.0135 -| <0.021
C13 NMR Branching ;
Branching Index 22.68 21.08 2172
Branching Proximity 23.49 24.01 - 19.07

_ Note that nclthcr FT-7.95, FT-14, nor FT-16 had the prefcrrcd combmatlon ofa

Tractlon coefficient less than 0.011 and a 50 wt% boiling pomt by

ASTMD 6352 greater than 582°C (1080°F),

All of the publications, patents and patent applications cited in this application are
herein incorporate& by reference in their entirety to the same extent.as if the disclosure
of each individual pubhcatlon patent application or patent was spec1ﬁcally and

mdlwduaily indicated to be mcorporated by reference in Its entirety.
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148.2 Note that the addition of the FT-7.6 base oi
i nproved the filmthickness of the autonotive gear
| ubricants conpared to the bl end having only PAQO

wb% hﬁsﬁg: Three base oils that had | ow tr acidias2007/066080
coefficients made according to the teachings in
applicants' earlier patent applications are shown in
Table XV. FT-7.95 was disclosed 5 in U S. Patent
Application Publication Nos. 20050133408 and
200502448988t &F of dhe arthpll-hfhoveretsal te foseitniisdpiedeprve

TR M R

100G sthiSE ashin@&8ndl-3l. 20:i1%6 atBrihsis i Bl withthehe 65 ETR
143 Pour Pgint, C-12 -8 -16 - ASTM D 6352 S| MDI ST
(wt dgpended ggiigq g



1045 1072 Total W % Aromatics 0.0058 0.0414 W%
AOefins <0.5 3.17 0.12 FIM5, W% 1- Unsat urati ons
2- to 6- Unsaturations >10 <2 40.2 0.8 38.1 0.4 Tot al
Mol ecul es with Cycloparaffinic Functionality >10

%,Fg’{. 38. éLm]fE]% g% Q/gnzgygl oparaffins to

ticycl opara

1. A multigrade automotive gear Eubriéant, comprising:

a. between 5 and 95 wt% of a first base c;il, made from a waxy feed,
having a traction coefficient less than 0.021 when measured at a
kinematic viscosity of 15 cStand ata slide to rollsatio of 40 -
percent; |

b. asecond base oi!'having a traction coefficient less than 0.015
when measured at a kinematic viscosity of 15 ¢St and ata 'slide
to roli ratio of 40 percent;

¢. less than 2 weight percent viscosity index improver or other
thickener; and I

d. an EP gear lubricant additive. _

2. The gear lubricant of claim 1, wherein the gear lubricant has: -

I akinematic viscosity at 100°C greater than 10 ¢St, and

ii. a ratio of Brookfield viscosity in ¢cP, measured at _
temperature 3 in °C, fo the kinematic viscosity at 100°C
less than an amount defined by the equation: Brookfield
Ratio = 613 x €% *P) and wherein B equals -40 when the
gear lubricant is an SAE 75W—XX, B equals -26 when the
gear lubricant is an SAE 80W-XX, and B equals -12 when

_ the gear lubricantis an SAE 85W-XX, '

3. The géar lubricant of claim 1, wherein the pour point of the first base oil
has a ratio of pour point, in degrees C, to the kinematic viscosity at 100
dégrees C, in cSt, greater than a Base Qil Pour Factor, where the Base
Oil Pour Factor is defined by the equation: Base Oil Pour Factor = 7.35

% Ln(Kinematic Viscosity at 100°C) -18. '

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

greater than 13 cSt.

._52._



95 Oxidator BN, Hours Not tested 18.89 42.9 X in the
equation: VI = 28 x Ln(VISI00) + X 106.9 83 70.5
Al kyl - branches per 100 carbon atons, by NWVR 7.91 8. 38
9.41 Traction Coefficient at 15 ¢St 0.017 0.0135
<0.021 C13 ‘NVR Branching Branching Index Branching

P OF)>( I r?hteyge%?iuggcgn% o?'gla%r:h 08here|n(‘t)l'}e gzelar Yu%r%:ghtq]és an EHD
film thickness greater than 125 nanometers when measured at 120°C
. and 3 meters/sec. _,

6. Thegear lubricant of claim 1, wherein the gear Jubricant is a
transmission fluid, an axle lubricant, or'a diiferential fluid.

7. Thegear Iubncant of claim 1, additionally comprising one or more
additional base oils selected from the group of Group |, Group It
petroleum derived Group lll, polyalphaolefin, ester, polyglycol, -
polyisobutene, and alkylated naphthalene.

8. The gear lubricant of claim 1, wherein the second base oil is a pour -
point depressing base oil blending component pref;ared‘from an

_ isomerized bottoms product having:
a a pof.xr poiht at I_eest three degrees higher than a pour point of an
. isomerized distillate fraction also present in the‘gear lubricant, and
b. a 50 weight percent boiling point by ASTM D 6352 greater than 582 °C
(1080 °F); '

9. The gear lubricant of claim 1 or claim 8 . wherein the second base ofl has
a traction coefficient less than 0.012 when measured at a kinematic
viscosity of 15 ¢St and at a slide to roll retié""of 40 percent

10. The gear lubricant of claim 1, wherein the first base 0|l made from a
waxy feed, has less than 0.5 wt% olefins.

11. The gear lubricant of claim 1, wherein the waxy feed is Fischef—Tropsch
derived. | '

12.. A method for saving energy using a gear lubricant, compﬁsing:

a. blending a muitigrade gear lubricant by adding
i. between 5 to 85 weight percent based on the totai gearJubrtcant
of a first lubrlcatmg base oil having a {raction coefficient less than
0.021 when measured at a kinematic viscosity of 15 ¢St and a slide
to roll ratio of 40 percent; .
ii. between 0.5and 15 welght percent, based on the fotal gear
-!ubncant of a second base oil havmg a traction coeffi CIent less ﬂwan
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10 Note that neither FT-7.95 , FT-14, nor FT-16 had
the preferred conbination of a traction coefficient

| ess than 0.011 and a 50 wt % boi |l i ng point by ASTM D
6352 greater than 582C (1080F). 15 Al of the
publications, patents and patent .applications cited

inthis ap Ilcatlonare |n|ncoro

ref erenc& 41 dolé WIS IP%W?CFE& penelre SR &qtgé%%{a%%as jde

t he di scltcpﬁjurrﬁ;cpéf@qmcamﬁhnd dual publ i cation, patent -
application or patent was speci rﬁ}gjf% rgnp

i ndi vi anlqswgltH%E%%{t'\éW'ant HEAM 3 qr B by

r §f-er encetddidriafit bl @hatein the gear LsDRhAt Has@Khahatiche
~exenpl ary enbodUnents of the vention di scl osed

aboveViWqSIfY?TeH%ﬁﬁ%%@%rr B1Pi?§ge skilled in the art
°f§ké1:9‘b)ﬁ|ohfb€? clali 851 WRsreinghé gemumamcbn@m ﬂm
i NC | structure and nethods that f
Lhe. Sbisheesiarenier tapdsancma RS e Gt aks Ands
1. A fuitdgrade autonotive gear |ubricant,
conprising: a. between 5 and 95 w % of a f| rs} base
. oills,. Thedmethod ol slaiaky . Wergin tha fisnybacaling bpseop! is made
- coef fd t han 0.021 when neasured at a -
Ki nerféﬁ% V,Xﬁ%%’t of 15 ¢St and at a-=slide_to roll
r ati, Ofhef matmog@rf@@mw prheredhe Wahie8® ISJi IFCheE THgCh
tractd %O?&Oeffl cient less than 0.015 when neasured at

a kinematic viscosity of 15 ¢St and at_a slide to
1 oltl7.. Fae methsid aitslgier cemheradn thedsy arg#ing hﬁéﬁ@ﬁhasar&ﬂo ;

perc Ocﬂtpo\zﬂ H é(eq %%sre()f ﬂo@(l%&ticq scBdi t’lbb'd@br@@@() in

and gear cant additive. 2. ear
| ubr |c§argreatfar tlaai nBase QihBpui Faaieiewhrrathe E@ﬁq Qigﬁt’“'has
. a ki [ f cSt,
o o5 e ey 1 CATaR Pacban b
neasdnﬁ@namaucemseoabrm‘téoﬁﬁ)rﬁ% to the kinematic
| t e

e 4Raterie @b B ER ISR 1R AU Be G ey P Yol
wher eiepra‘s%mgmaalasoll blemdingeremppacgeaads fasn iap dgpmarnigedin
SAE qual s -26 when the gear lubricant is
an S&@Wm& “nd p equals -12 when the gear
| ubt i Tenmetrodant cHAE 195wddonaly inchdingdlandingdpe 88sft of -
cl ai f I
e DifiepI5] o Bdha Rk orlo bl paRe i
Ki nergalarh:lbmant@éawcasltyllc@e)dwwé C, in cSt great er
t han I |
080 e R0 ol b oG 288 Sy nd PSE BB b
Fact @bseoihsaésytﬁan(%‘rﬁermtl c Viscosi ty at 100C) -18.

ﬁ? he rr%tF?fe"‘?ﬁszg o I @3 tgp o%g@ Bt er tﬁ% ﬁe&ﬂﬁ%rmggtt .

- 52comprisiride gear l-ubricant of claim1, wherein the

725 RanonBiEpSoNREA ERAER e bl I g ) SR e

net er @{—@B%e;ce 6f a Rydropeaterizaton caatystahd by@ogerlunddn ereei n

It Egr ?gg{%{i ybr | g%gm; %j%gegrﬁﬂe Itg E}o%ﬁjg%rh};d oqnerﬁgd axt fase.

Iubrlgﬂgﬁoﬁmmclajnwl additional ly conpr|5|ng one or
nore additional base oils selected fromthe group of
Goup I, Goup Il, petroleumderived Goup III,

pol yal phaol efin, ester, polyglycol, polyisobutene,
and al lryl ated napht hal ene. 8. The gear |ubricant of
claim1, wherein the second base oil is a pour point
depressi ng base oil bl endi ng conponent prepared from
an isomnerized bottons product having:
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.

~ second barEPggar ibvicarf additive ia Maie

~than 0., ﬁcayﬂgen neasured at a ki nematic vi scosHy of

a. a pour point at |east three degrees higher than a
pour poi-nt of an isonerized distillate fraction al so
present in the gear |ubricant, and b. a 50 wei ght
percent boiling point by ASTM D 6352 greater than 582 -
C (1080 F); 9. The gear lubricant of claim1 or claim
8 wherein fhe secopd bhase 9Q

coef fPci eﬁ{is%ﬁrgggh H%ﬁ{mao'ai ‘C"\(/:\i,'r%:!(gﬂ%grorije1 'Isogra&tdje &gbered from the
ki nemashgeMifisaTichy uaferkistii@ionamddiionsspretsetbeteddo colldct

tio-of 40 10, Th L 1ih f
PR e e L e e e

has | egserfidia 1€bs3han Goel @hbn seadlred Bhes g®Band aikarshdatct
of claiml1, wherein the waxy feed is Fischer-Tropsch
der i vetoll ratioof 4R RAsead for saving energy using a gear

lubrigant, blé?ﬂng{t'héleHGrgy@avmg easH d&it:predunﬂlmhthgr ade gear
| ubricant by a

per cent |- aj5geend 'éﬁ‘ﬁet%'ehqvﬁ'lgﬁ ife'gP C?%@?’?’gi?ﬁsqﬁ?ﬂogw“’hen
fi rﬂ | Umelagll‘}ﬂetj'ﬂ1E%S€%mogtléﬁ\§;\lh?dleﬂ@roﬂ rhficacft400percentanda
coefficient | ess than e at . a

ki nermat i 80 we%éﬁﬁwnbt?o'*m ROg}t bﬁ%@% %Egg gfegter fpgn 582
ratio ofo. %g NMnd H  between 05and| 5weight

per cent, sed on the total gear @brl cant, Of

BENETRY saMpa |98§‘,r

15 cSt and a slide to roll ratio of 40%5
'uswingeinitee gBergy IsaYRY BeaTtiuRricagNaga e aﬂc Wiscosi

di ff | 'J[h%SvEret hod of claim 12 wher e| n the
e[{%g“ can?rjiﬁan

gear ki-nemati c vi scosi ty.a

grEnt he prm:asaof @em 2 1 avhereia thasway deest 'Séﬁf%ﬂﬂﬁﬁ I@PSGh

, Wher he gear l-ubricant has an EHD fil mthickness

greater e )an 125 nanoneters when neasured at 120C and
3 2t Bhe pemess ebclaimhl additpaalyfin@ydindiiending Rigrsserv he
fl rst | 686, (050 8n Wil et
I"“‘ﬁéja%géh &F&;ﬁ]tﬁléss Ithcawher ei nat he a/axy faeed i%é
F| scfmvm@mbxnﬂr@@aavb@ﬂcﬂ of pevispesidRdRY ImPIreMem 12 -
4{ eIl'ﬂe h{b%eéé BfgélalHJﬂ' AR hePRRBoPEderiasntdrs it detosd
pour ees C, to a kinematic viscosity at
100 ¢a§eeé$sie$sthandla‘ﬁ12 greater than a Base O | Pour
Fact OrThevmgée%sérf%!ﬁgsﬁel %éreﬁ’%é sE@&IdQJasé%;z @seé HR@ekibY

t e ‘equdti on Pour Factor = 7.

Ln( Kotiemsapradugt lwmm 2 §0 aweigh peycentikpiing @Olf‘fﬁé Ardihis §352
of cla 6 $Q second base oil is a pour
p0|HF%ﬂ%% %%g n ase of | bl endi ng conponent nade

f rggm mgemmucaue@bnmnmmﬂpﬂwd@@psm derfyasl hasepd dawng
cla|n1 ddj, t i [

ubr AU o Bnd G5 cBempeAes iah bipedidir,
per cendasafed dten kmelahtug'emosim bf 1z eFitandfat & slide toosll fafio of
i ndex Qgg er. 20 "The nethod of claim-12 wherein
the (PRI coefficient of the second base oil is

| ess. Thaged.iranlaf cmnmsqmeese:m tre heak ot ¢5 ahottmmes gy
savin tive gea ri cant conpri sing:

a. hy&?ﬂﬁ§%ﬁ€$¥§?ﬂﬁggﬁa% nyeed in an isonerization
zone in the presence of a hydroi sonerization catal yst
and hydrogen under preselected conditions determ ned
to provide a hydroi sonerized first base oil product;
b. distilling the hydroisonerized base oil product
recovered fromthe isonerization zone under
distillation conditions pre-selected to collect an
energy savi ng base oil product characterized by
having a traction coefficient |ess than 0.021 when

nmeasured at 15 ¢St and at a slide to roll ratio of 40
percent ;

— 55_



c. blending the energy saving base oil product with: .
i. a second base oil having a traction coefficient
| ess than 0.015 when neasured at 15 ¢St and at a
slide to roll ratio of 40 percent and a 50 wei ght
percent boiling point by ASTM D 6352 greater than 582
C (1080 F), and. ii.an, EP gear lubricant .additi :
ks Res Baashgyicana i 2 iherg b RS iRt K hdifhe
ener 9ok AG TAEBI6 5 BFdtahahss @ KoDen®t i .
viscosity at 100C greater than 10 cSt. 22. The
process of claim21 ,wherein the waxy feed is _
Fi 56 DefﬁeTga%Gmicgﬁtréf‘é%ﬂn 223whdiBi ths aeERS bifickai iglead
,addition I ncl udi ng bl ending the energy saving
base &dn®PHuct with less than 2 w% based on the
total |ﬁ§i1}é' AR PBL I MEreBERE bhidosil IaN Vi @ater
vié@bsﬁﬁbﬁé%}rﬁlex :arrprove'r,. 24 The process of claim?21
, Wher d&ian t8e traction coefficient of the second base
oLl | cirg@- 1he process of claim?21
,%é@“kﬁ?ﬁy@gg’éﬁ%&%@%’%ﬁi | is adistillation
bot t ame FisaheuEropsah dagves bgemdingMbd-per cent boi | i ng
point by éﬁ%k’%ﬁn Q. BRnt HsS M 0.bNPRhEBRAEsUrdH8D199St and
26. A dear lubricant C}OF;;pflS,l ng a Fi scher-Tropsch
deri ved - geslide to milvatnol#0\nergiat er than 150 and a
tractign ¢ [ 85 N ks k2 elpgeasur ed at
a ki neﬁatal %gbﬁtlgﬁ%g{a'té)ﬁbgfﬁ]ﬁgec& and at a slide to
rol I' r it izobrefiching pexireitytby 23 NMR gregéagithan & eBant  of
- claim 26 erein { - Bble 1LBicAnlalditRas, product
of ab'vg&?ﬁﬁv&a'ﬁs%rﬁ?ﬁ‘ﬁt%fgﬁe?&rg 8e ..'I'Fhen ear |ubricant of
ci 2j Thefinisieduduieficant heclbias & Lovhereiathedrischer-bmpsehgerved
poi nt_ by ASTM Ly 6352, greatier itnap pEEASTIO89sDEkater
29. Wg%@ﬁsﬁ%glé a%?é@?ﬁtgogﬁﬁ]%%b ,aher el n theé:
t r acthennc6éef{(f080°épt is | ess than 0.010. 30. The gear
| ubricant of claim26 ,wherein the base oil has a Vi

greater than 160. _ _ _ _
33..The finished lubricant of claim 31 ,wherein the finished lubricant is &

gear lubricant. |
.34, The ﬁnfshed Jubricant of claim 33 ,wherein the gear lubricant is a
wormgear lubricant or an EP gear lubricant.
35. The finished lubricant of claim 31, additionally comprising one or more
'other bése oils selected from the group of Group 1, \lGroup if, petroleum
derived Group i, polyalphaolefin, ester, polyglycol, pquisobutene, and
alkylated naphthalene.
36..A Iubﬁcan’t base oil, having the properties of:
a. a traction coefficient less than 0.011; arjd
b. a 50 weight percent boiling point by ASTM D 6352 greater than

582 °C. (1080 °F).



3 1. Afinished lubricant, conprising: a. a

Fi scher-Tropsch derived base oil having: i. a

traction coefficient |less than 0.015 when neasured at

15 ¢St and:«at- a slide to roll ratio. of 40 percent,

ii. a branching index by 1H NWVR | ess than 23.4, and
nchi r y r .

2257 e AP B By Sy e o bidithing

| ubr i drdux bydHINVIR dsss tB&n 23 Hearki nbramahihd proximitpiy 6 NMR

cIa|n131t§gﬁre%£ t he Fi scher-Tropsch: derived base oi

has a 3¢ percent boiling point by ASTM D 6352

gr egt Gheﬂdihﬁi@arﬁ&ﬁs@o(i bObiam3 6 3Riditbhallyfdompskiag an Oxidator -

| ubri t of 31 ,wherein the finished | ubricant

is a Sﬁggeﬁﬁb&ﬁ@éghm”§% The finished |ubricant of

cl gb MT33 lupideiteiage bhef gamn3 4 Ldditoaslly dompaising rangea point
| ubri cant or EP gear | ubricant 35. The finished

a

Iubri@gﬁ#”6W”EH§ ,addi tional ly conprising one or

nore ot her base 0|Is seIeCted fromthe group of Goup
& qup etrol eu eri_ved oup .

pof o Hiedupiicelnbasgi it D faPgR R Ly A ATErer than 4

and an%ln%bﬁtﬁeﬁ@@Btﬂaalt@n@sTi@ {:63238A I ubrl cant base

oil, having the progert es of: action

cobt 1 TEP biRicAs 6a5% ALAT BH Y40 CoPTBNG BRPR gAY %

-perceﬁgp&ﬁ@ﬁéagbgﬁlnt by ASTM D 6352 greater than 582

C (1080 37 The_l ubrjcant base oil of. c
ad‘él%a t iT6R !&l)brl%ﬂé &ape PLPhegai 36 é}ﬁ}g’ﬁPRﬂ‘yucﬁws'ﬂ9 af Fle?\lgﬁ'bf’"

|l ess hﬁ@gﬁgQEénqngmgypranchlng proximty by 13C NWR

greater than 22 . The lubricant base oil_ of clainB

e 4 hddbe figiphad lybwmb P aimys hahistein fedris N repsel derived
than ﬂrgsmm& -a @a&on chBfi cie%pfe‘s§ &b OASavIREn meAsupdat

6, additionall ¥ npri si ng pour point greater than
- 15 CeStamd atpetife i ol safo %fa%‘bp%fp?“fof claim3 6,,

| adﬁ% E?ﬁ@bi TR éﬂd@nﬂi@mfeuﬁ haIFiskhit-Yopaghidinalic

car TM D 3238. . 4 1., The |lubricant base oil. of
cl aibpsa o@ has g dwpishingigdex Bl NMAigRs haphhashe Rewrking
car B $Hase oil of claim3 6 ,
addﬁglonngy EﬁﬁggﬁgFﬁgﬁg]Free Car bon | ndex hetween 9
and 30. 4 3 . The finished |ubricant of claim31
,*herein the Fischer-Tropsch derived base oil has a
traction coefficient | ess than 0.012 ‘when neasured at
15 ¢St and at a slide to roll ratio of 40 percent. 4
4 . The gear lubricant- of claim26 ,wherein the

Fi scher-Tropsch derived base oil has a branching

- index by 1H NWR l.ess than 23.4 and a branching ..

prOX|n1ty by 13C NMR greater than 22
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