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LUBRI CATING O L WTH H GH OXI DATI ON STABI LI TY FI ELD

OF THE INVENTION. 5 This invention is directed to

| ubricating oils having a high viscosity index and-
excel l ent oxidation stability, a process for making
WQBM7e28BINg oil with superior Oxidation stabipcrigs2006/048677
and a nethod for inproving the oxidation etability of

a lubricating oil 10BACKGROUND OF THE | NVENTION WO

00/ 14183 and US 6, 103,099 to ExxonMbil teach a -

process for producing an isoparaffinic [ubricant base

st ock which conprises hydrQ sornerizing a waxy,

par af f i ni|)Q)BRIGETING DIRMWAMH SYSHRERIEHOMN STABILITY

hydr oCar bon feed conprising 650- 750F+ hydrocar bons,

sai d hydroi sonerizati on conducted at a conversion

| evel of said 650-75(FD e dHEyINNENTIgNS suf ficient

to produce a650- 750F+ hydr0|sonerate base st 9ck

whi ch- Conprises: said base 'stock Which; Wen

ngf 1Hbél%n"¥r&. Hn?ét%% tgﬁﬁt%nc%ﬂ o;l%e%g?inﬁaeplgtgh viscosity index and
s pueslientaxitaticn stabilins/adpracess é:r@nalgngah@ncaungretu withi superior

15k e S GRS B9 B ERREER SRSy ot

olubdigeiinghoikt abi | i ty. Conoco ECOTERRATmM Hydraulic
Fluid is forrmulated with high quality hydrocracked
base oils and fortified with an ashless, zinc-free
antiwear 25 addiBAQEGROUBNIOFITHB#SVENTION oxi dati on
stabiiityi such that the |SO 32 gr ade haSa result

of -700 mnutes in the '"rotary pressure vessel

oYV M0 i 8Bastd YRBYONT, 009 tAEWbﬁJ\nBBT Baichlbprotess eers

CReoTEbE S Sndtefife bhRnl B3 fipSkwiich Rl 00

m&ammm waky cparffiic, Fischeedeopstassymthesized

B IBER e bR Bb R 0 B MR e e

Avydipidoengrizatidn conbudiad et RRM@WEI‘SEB’UIEVGI fosalitbﬁ%ﬂ%«# feed

oS o okl S8 OBS PR hl e ok

SWRENEIT[;HISB}; sard Basd SOcB vHightivehen corfibined wilt 4t laast one -

STl s wAiIBh A EReAh b B 8?%{??%%0307‘#@“85%

ofydriaglic hIISar[@rdaimd |hut aomlwisﬁaughﬁ negerding eroasisses to make
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i M&crﬂnlfﬁ':bb@se oits pndiorgied withi arhashless cinsi-rge anti\efeear
[ I 1 j Vi
chaitiactife, oS R oG S oL RS89 2 oace
Hzaaﬁea mﬁ QfaT@@ mirckes rfbraetary pressucs stsseanwdang@ test
f I I
A pes g?&gase 091 150 HB&I%BE OMNEWHHY Gra0k! I'?‘as a result

however, are expensi

zﬂf&&%ﬂfrwt%ﬁ akg the 1ROy %ﬁ g@dﬁﬁﬁ'ﬁ 2 ressit of RS minyites. ' Gonoco
P oy P B0 ey mdegeof about
utiZer lgshase:oi | having greater than.90 w %

saturates, less than 1:0 wt% aromati cs:a viscosity

~index greater than 1.20, less than 0.03 20 w % sul fur

and a sequential nunber of carbon atons, w thout the
i nclusion of high |evels of viscosity index
i nprovers; and a process toqmke it.



SUMVARY OF THE | NVENTI ON 25 We have di scovered a
lubricating oil, nade froma base oil having: greater

" than 90 vt %saturates, |less than 10 wt % aromatics, a

base oil viscosity index greater than 120, |ess than :
WwoQdmtdesul fur and a sequential nunber of caRaR2006/048677
atons; wherein the lubricating oil has a lubricating

oil viscosity index between 155 and 300, a result of
greater than 680, mnutes in the rotary 30 pressure

vessel oxidation test by ASTM D 2272-02, and a

ki nematic viscosity at 40C from 19.8 cSt to 748 cSt.

! .nlﬂ’gtrcgéééédéa?’%ﬁﬂﬂ F-'%rﬁ\/\'l ﬁyﬁfﬂﬂc%ﬂd&h% fg%sults of
oi |, conprising: a base oil “having greate

wt Béteebor@ideand BES mindian, Gt ﬂwe?’dcm onipthats ,\nsaobasmdexés of

Vi i [ndex greater than 120, sulfur |ess than
O,%%ﬁﬁvwﬁ);éérq

greaﬁer than 35 wt% and | ess than 70 w %
total nolecules with cycloparaffinic 5functionality,
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1 0Rr 330 M HLES bl o Bhly MisBSafiécts § X85 onelly pioh. and

artbedaasa dili in evailabde i boded gyaatitiet)" € i biended withesBsigndicant
8:§'it ofqn% fned'eQ IIH’I%?OV&#Q%) 'p‘f‘@\;l&@ﬁ \nﬁfhl a {n§c$s.|ty mdex of about

aullc acrrcu

' séiﬁﬂqd"\d@b@m"% v@rae!lm: ﬂugbd\avmgjhleh visisositaindeyes rhgl good

nne& bifif hé\llél)ﬁé s Aq%:ﬁ‘gﬂn"%nvde%c%lggto% émgtso from

90 vvt o sat ur a aromati cs

i ihigh afaw baes Pt'%/n’iaﬂééf@fgr\f@ﬁ?éﬂbh ki These types ¢fdwe oils,

t m&,eQSaeéﬂe{epang ziéﬁ@%ﬁ !un r o

car bon atons, Vi . araloo nol ec

mor r ocycl oparaffl nic functionality to rml ecul es wth

ML RBEA Bl featinE il KRG AodEAAGRIad By and high:

nm'%rtwdmrnafé? UPBE A gm ail baying areatebwn 9§ Wik, sajwrates,

af!éé@fﬁaﬁam wiA Girbi4fics, U618 BbLif! iBdeRGRater thER S 2bNRAs than 0.03
. t percent based on the total |ubricating oil

othaf" gl g{fcﬁﬂ@semﬁ! RPFREEof carbon afomghwithpyt thRdnclusion of

| ik RIS Vi dosh@indyd |Hﬁfrb@é¥%' 864 9igroddsS 19 FhdRe inde

greater 30than 155-and a result of .greater than 600

mnutes in the rotary pressure vessel oxidation test

by ASTM D 2272- 02 gtimhiARYEOEERSE (NVENTION

We have discovered a jubricating oil, made from a base oil having: greater
than 90 wt% saturates, less than 10 wi% aromatics, a base oil viscosity index
greater than 120, less than 0.03 wi% sulfur and a sequential number of
carbon.atoms; wherein the lubricating oil has a lubricating oif viscosity index
between 155 and 300, a result of greater than 880 minutes in the rotary
pressure vessel oxidation test by ASTM D 2272-02, and a kinematic viscosity
at 40°C from 19.8 ¢St to 748 cSt. - |
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In a third aspect, there is provided a | ubricating
oil, conprising: a. between 1 and 99.8 wei ght

‘percent based on the total lubricating oil of a base

oil having i. greater than 90 wt% saturates, U. |ess
than 10 wt % aromatics, 5Di. |less than 0.03 wt%
a sequential . nunber of carbon atons,

H‘ @?@5?@1?8%%'"% RipYiied pdybricaiieg afl <omprising: a base oil

CM&\VI@@PF@%I‘ bk JOURGs isé’t[l?été§ Mess than 1ﬁ'wt%iatroﬂliétf&s 0§ base
mol ecules with monoc ]lg(gauﬁﬂl nic functional ity t

fless thanlhCs M@%agraayer than
b
e BBt froh LR ool moiefls i RRERRBISRI 05 ang

Sfunetigtaiityp arratioof tmmIesnmtfhmohod:;a:llopianm‘ﬁnn:eftmu:tg:nahty to

n X1 dant addl lve concenirate
oy iRy P m i BET Db EhStsr B2 1 ooy 2
{A;dqumaasl nl;lgnlﬁmlbof@fartﬁmlaﬁumcwﬁeﬁem Ih@dﬁ)frllddgﬁﬁg @ :hfas |
rern tnhe rrcatin i. _a lubricating oi
Vi gc"bs"i’ ‘ﬂp”icﬂ{l&o VigeRsly ingpatween 439 and 309: resul't of
gr eaj eip rfebaw oﬁé)@afﬂrrih'ér?@% ﬂ’nr‘ilj’[@s FrP&@rthaPﬁ ?%%Qﬁl% vessel

vessel oxidation test 272-0

degr ee$xidation tash by AFSDW %Q%E%J@%ﬁf 15@1@@@663 Girepdi ded a
r oges b [ h
ProGess i ﬁér{]g’@(ﬂug?oﬁy at % é%hﬁﬂg Blcst Y 745 Bs6

hydr oi sodeyhezrainitbe Iubemab(mgwgll a a/\hywaxﬂle:ewaMar/armg‘culatlng 0|l
greater than 60 wt% n-paraffins and | ess than 25 ppm
total conbined nitrogen and sul fur 25to nmake a base
diila fevend@ispict, fict@isprovidad a90bndting dilUeeHhessing).  €ss
than 10 wt % I‘OﬁHtICS iii, a base oil viscosity

i ndeR- Pase oFf heKRA' 120, iv. less than 0.03 wt %

sul fur . pasteBthan 30 weAYEAKARS, nunber of carbon atomns;
b. fractionating the base oil into different

_vi scosfit sy ihanet) wi% aematiey,

iii. a viscosity index greater than 120,

iv. less than 0.03 wt% sulfur,

v. a sequential number of carbon atoms,

vi. a ratio of molecules with moTrocycloparaffinic functionality to
molecules with mu!ticyclopérafﬁnic functionality greater than 2.1,
and

vii.-greater than 35 wt% total molecules with cycloparaffinic
functionality; )

b. an antioxidant additive concentrate; and

c. less than 0.5 weight percent based on the total lubricating oil of a
viscosity index improver;

d. wherein the lubricating oil has a lubricating oil viscosity inde greater
than 155 and a result of greater than 600 minutes in the rotary

pressure vessel oxidation test by ASTM D 2272-02 at 150 degrees C.

In a third aspect, there is provided a lubricating oil, comprising:
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c. selecting one or nore of the different viscosity
grades of base oil having: 1i. a selected base oi
viscosity index greater than 150, ii. a ratio of

nol ecul es with nonocyol oparaffinic functionality to

nol ecules with rrulticycl oparaffinic functionality
great&ethan 2.1 and 5iii. greater than 35 wt %t ot al

ol e eleesh) 1 And Po S WaIoht PEIGERL bansehqrbihg tota) tubgicating oil of

bl endh@gségﬁhggﬂngct ed one or nore of the different
vi scosity grades of base oil with an anti oxi dant
addi t i- vereadidban PAME% eatketes.t he | ubricating oil;

10e. phpreiyn t ﬁg‘k%%({b@]%gbgg oi | has a viscosi ty

i ndex between dnd a result of greater
t han @8@saitimrt @63iwi% bdfurot ary pressure vessel

oxi datiogn test ASTM at 150 degrees C.

Tha b R eRb SR fumBREpEeBS ifdied . et hod 1 or

| npr ov.i g@atdrehsx BEalthoptal pedledlléd with efclapanafinicintctichality,
oil, conpris selecting a base_oil havin

gr eat ¥r af %Ofg%olﬁt:%e&ﬂ'h rapg VC@PaT%CE@CF%'OT@'%M%

aronmat i fledulds: wu@h hﬁ‘lﬁ%ﬁ@lhbar\é*ffﬁﬁ@ﬁjnbﬂoﬁdhﬂﬁéreﬁ&ﬁﬂﬁéﬂ 2.1,
than 120, 20lv. less than 0.03 wt % sul fur, v.

sequentﬂ%ﬂI nunber of carbon atons, vi. greater than

35 Wty %;q%fs!eeo?l%us‘fé?ﬁﬂ Yere‘,Q‘g(%étQF ﬂ‘1'a ”i%'oecu' es wth

cycl opar I'nic unc I onal .a ratio of
nol dc bebeean .05 mnddi:\yeigbbwraém basedfamrthelto’aahlubrlgzattng oil of

25nol ecul e rafflnlcfunctlonallty
gr eat%}'g ﬁ'\oiﬂcwafh da‘g'ﬁé Céxg?ng'% g a portion of the
base. sk than 0Benéight peraémtrighsed |onWhé Eothhﬁbﬁ@dtﬁ@t(ﬂicbf a

base oi.l to produyce an inproved |ubricating oil;
\Aherel‘{‘ns‘ioﬁgyf)'}‘ilﬁﬁd@‘éﬁo"l {tbri cating oil has a- result in

t he WHErGhh® [UBFiISHERy ¥iepge! 30oxi dation test by ASTM D
2272-02 at ‘150 degrees Cthat is at |east 50 m nutes

gr eat é_r @aHupricaag roéé’LﬁCPSitW_“ﬁﬁé_QfQﬁt%tr_rtilaﬁﬂ@E)sﬁ'ﬂ‘é
oxi datjj on Lest oP&reB{é? thatPEOS At 19s M the rotary pressure vessel

oxidation test by ASTM D 2272-02 at 150 degrees C.

In a fourth aspect, there is provided a process for making a lubricating oif
with high oxidation stability, comprising:

a. hydroisomerization dewaxing a waxy feed having greater than 60 wt%
n-paraffins and less than 25 ppm total combined nitrogen and sulfur
to make a base oil having: |
i. greater than 90 wt% saturates,

ii. ess than 10 wt% aromatics,
iii, a base oil viscosity index greater than 120,
iv.. less than 0.03 wt% sulfur, and
v. a sequential number of carbon atoms;
b. fractionating the base oil into different viscosity grades of base oil;
c. selecting one or more of the different viscosity grades of base oil

having:
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WO 2007/ 0758311' CT1US2006/ 048677 We hbve al so

di scovered a lubricating oil; conprising: a) a base
oi | having: greater than 90 wt % saturates, |ess than
10 wt % aromatics, a viscosity index greater than 120,
| ess than 0:03 wt % sul fur, a sequential nunber of

car bon ato reater than 35 5wt %t ot al

nol ecut ef W?‘f’feggég%ﬂal”ﬁf:f)?'w lpdex,greptedadn 190.0r a

tractiipn caeb b FdtuldLwin H%Bc?ﬁlo;?&ﬂﬁrhnéiﬂn@h%‘iltyv’l’ﬂen

nmeasured at a kinematic viscosi 15 ¢St and at a

slide to m@eq:ul%mth)mldflcmpp@éaf&@ﬁtfun%pndﬁy gradtendnaast1;

additive jcancentrate; and 10c) less than 0.5 wt %

based on the total lubricating oil of a viscosity

i ndex iii.rgreatee thandfewtic iotehmolagbleisoeithi cyglapiaraffiais a

Vi srcosit%f |Cn’ge%|59reater than 155 and a result of

greater Wﬁﬁ BOY i nutes in the rotary pressure

vessEblendirdpthe aeldcesd orbeyoﬁﬁ'ﬁhé bf tﬂéﬁﬁféﬂéntaﬂsdb@ﬁy grades of

degr eigisc. . 1% Addi tionally, have di sbover ed a
Friy voi

| ubr i an. aﬂ%w%arneddgzye GeRGRARte tofmake dheg

wei ghtiyh@fatigbibased on the total lubricating oil of a
base oil having. greater than 90 wt % seturates, |ess

t hare- Ydeqgiodhe @ﬁﬁﬁ@fw oibhag a ¥isspsily indrycdetyeentlsb:and 300
t han

nunberor? (e oh Ity S0 ah i Ine BIFE B }esso
t ot ahreddsdioh ésst\biytAS TV dD aﬁm-ﬁﬂfalt nb@ degreesi@nal ity or

a traction coefficient less than or equal to 0.021"
when neasured at a kinematic viscosity of 15 cSt and
dh adfiféh agpect, mherrelli pradided metifbdofer iaproving 1 okighu&en

0. 05 a ercent .based on the total .

ﬁiiﬁ‘\'%’? Pﬁ'&’f&a ng ofl, RIS Xi dant additive

congerdelcrtifg adde didhavitig than 0.5 wei ght percent
based on the total lubricating oil of a viscosity

i ndex 1i rgseaipeinan.90 wt%satusaigst he | ubricating oil hat'

a | ubr; ‘?ééétﬂgn‘%blwt% Sfdisitis 1 ndex greater than 155 30

and a result-of greater thah 600 mnutes in the
r ot ar yii. pr kasewikvisensity indsxi greateo thanek20, by ASTM D

%5518‘%%%1@%&9%@%@’2%6@677 W have al so invented a

procews a‘syquaakainmnaoértdﬁbaﬂmhlm@nm | with high

oxi dat i on roc ing a ,

| ubr i ¢aEf ?@eﬁ?‘ﬁnéﬁ % QBQ 333) &{3 éo'ﬁgi‘ moigeuigs with

dewaxi n@yalopavastirfiefmchavdling agaeat er than 60 wm %

n- par affl ns and | ess than 25 ppmtotal conbined

ni t r oyB@ rafe of molecules with monocycloparaffinic functionality to
molecules with muiticycloparaffinic functionality greater than 2.1;
and \

b. replacing a portion of the base oil in the lubricating oil with the _
selected base oil to produce an improved lubricating oil; wherein the
improved lubricating oil has a result in the rotary pressure vessel
oxidation test by ASTM D 2272-02 at 150 degrees C that is at least
50 minutes greater than the_reé;ult'in the rotary pressure oxidation

test of the lubricating oil.

-2c -



5. sulfur to nake a base oil having greater than 90
W % saturates, |less than 10 wt% aromatics, a

vi scosity index greater than 120, less than 0.03 wm%
sul fur and a.sequential nunber of carbon atons; b)
We3M706%3at i ng t he base 0| | into.different vi 8CERISRAP6/048677
grades of base oil, _ c) selecting one or
more of the different vi-scosity grades of base oil
10havi ng: a sel ected base oil viscosity index greater
than 150, and ii. greater than 35 w % total nol ecul es
with cycloparaffinic functionality or a traction

c o@lef aeesibo asavéredmm briestira) oil; xoth@idihgvhen neasur ed

at a kinematic viscasit 5t-a I|d o

e A N o L Sy

one or noaeorétidsha vﬂ;cbéw mdtaX\greatestrtan EHadess mhntmsa wit%
ntrate,to

| th t
Che " ubr B B sSgusma ndbel ot Baftin s s, b ottt than 35
oi | has awtdestotzs rﬁqreaulé&wnbe:vmpara”fﬁﬁc funcbti3AAIiY @aadiraction

edul t of 680 h
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150- degr ekineMatidkiseavity af $5 cBeund @pl&hﬂe e vollnvatib @d 40
for i n’prowpc% %he oxidation stability of a

| ubricati Hﬁ , conprising: 25a.selecting a base. oi I
havi ng 9r eatagtiokiiam éiiﬂlﬁ\l@.%cﬁ’&bﬂtr&t@%ndl ess than to

Wt % i . ;
than 198 ssdtaf par6e Besal bhafR e LRSS R Rora viscostty
nurrber of nmﬁckmprcarbqrm greater than 35 wt %+t ot al

| ffi funct i
e R L o088 RERRb g i rosut
wsa's;newr HareSl0 mimees n R\@\mosarysxres,smé véssad Skidatidn dést by

rfgdé) 4% percent, and a ratio of
m)l ecul es%%\/\?(ﬂné At

nonocyc oparaffl nic functionality to
mol ecul es with nmulticycloparaffini'c-functionality

SO et BUEela bisicatine QoRmPE G i on of
the bas® beﬂwaen 1 qed BB weight pgraent basachot ke tddldobrchting oil
base o1 hPa BaSOt faiol iRy Gtk BO LGB hoss than 10

wherein t ng orl
the rotar wt%raemat@ vessaisityindex geatardban bgiOAsik/lﬂﬁhn -0.03

2272-02 05!591 Ele%l' lptléh‘ﬁ]?hér u-elrﬁ@r?%to@s rHrFiuéI%%terthan.

5greater e res rica
DETAI LED @Em tetEl aviaruigeHEthNYENPRGHNTNIC functlonallty ora tract:on

coefficient less than or equal to 0.021 when measured ata
kinematic viscosity of 15 ¢St and at a slide to roll ratio of 40
percent; ' '
b} between 0.05and 5 we:ght percent based on the total lubricating oil
- of an antioxidant additive concentrate, and-
¢) less than 0.5 weight percent based on the fotal lubricating oil of a
viscosity index imiprover; "
wherein the lubricating ol has’a lubricating oil wsc:@srty index greater than 155
and a result.of greater than 600 miriutes in the rotary pressure vessel
oxidation test by ASTM D 2272-02 at 150 degrées C.



Hydraulic fluids and circulating oilswth excellent

oxi dation stability and high 10 viscosity indexes are

hi ghly desired. Excellent oxidation stability

translates into longer oil life, extending tine
wetzemnssi| changes and thereby reducing downsdmi@s2ous/048677
costs. Excellent oxidation stability also m nim zes

sl udge buil d-up and reduces harnful varnish deposits,
ensuring snooth rel6bl e operation. 15 Several types

~of hydraulic and circulating oil equi pnent are

required to operate under extrene high and | ow

t

orPe kY LA IGhic O Brocks ARARRD AL e AU Agn

vi SxBlgtioy staRility e Eha peogrssdemakingteniubpesting ol g:bmpnses

vi scosi ty ﬁ%bi@éﬁ%;}%ﬁ@h ﬁ@ﬂbﬁ)ﬂﬁ% et fé%ld%\)ﬂ% greafer than 60

Vi Scosi ty i'ndex rovers. .l ncreasin
20 hydr aul Wit pcRayat r@ean;bbﬁ@tmsa@ L to@almmlmed mtrogen and
hi gher. pr I 0

Ol Sher " coramRbtemakd Shate B favHa Bredl o S satusgtes, less
of the |uf ﬁ@é@.\ﬁbﬁ@mmab\m apcﬁwﬂvmdqx 9f§ﬂ§r§fhﬂm‘ﬂmlgess
of any VI thgﬁmw@%' é’hﬂ‘upﬁnb WdeBhtiAthithber c?f%a]@:ﬁ] atoms;

Iubrlcatln oi I of this invention conprises

vi scosi By TTafdienaties mﬁéha%@ i) difpoentuisaesity gyade\sd:ébase oil,

IS measyy edidw @ﬁg

Vi scosi t{/ [ ndel;z6 ?);FMba %2%0%8 déﬂrge |%§§5£ 41@8% Bmhﬁase ol
10y scosity NaYlek is attributable to the hi gh vi scOS| ty

i ndex of the Gé)ékﬂebt'eb %@%IW!AC& gterthan 150, and

| ubricating,oil. WD 2007/ O75831P 1I I S 061048677

The | ubri cdli ngrerter §1an &7 witedotal malaculenpithaygloparaffinic

ki nemati ¢ vi sceghdgorali/HGa {ré&mnl&e&r&éﬁt &8s ﬁ%a%&%t al o
Ki nematic vi sc%s(béiwbpnneasur ed ASTM D 4454

oxi dati on st abi tTREASHI e ?tﬁé‘l"?ﬁﬂ‘%ﬁ'c'eﬂscosw Df 15 GSt and
15 ubricating oi lat.aagideaBnal Rfliolst 40sedenup |11 base

oil, is sured using the rotary pressure vessel
oxi dat i @nn%?eégﬁ“% %%ﬁl%ﬁBd?Z’F?rﬁﬁomf\M)dﬁqfﬁpéwﬁww grades
met hod ut iof bass oflvigag Qﬂt:@f't%&lﬁd%ﬁﬁéeé‘o%%bnfrﬁte to make the

eval uate i"‘q F(I da tion stability of new and -
i n-servic rrrul ated lubricating oils, and

ot her . fwhe@h-eﬂwé xubnc@ta{g &il hwatvt&oanﬁgr%%%e%eé@ws and 300
at e

wat er and,a co
20 “ubri catThg r%?‘ﬁpﬁfgg ﬁ? tF @ﬁgln?)‘ﬂui‘?ae‘énéh??w RresgHre vessel
of gr eabédatidmiest6P ASTMIDES27P0R€NnEbldeggsater than
680 or 700 m nutes, nore preferably greater than 800
m nutes, and nost preferably greater than 900 '
Im B u¥és haté alsoedenalofsad ameat abitodt fisr nﬁp:tobﬁal g t;me oxidation
ubr |nvent|on may al so be
meas%flrﬂaz’E #%8f$ Ubr%ﬁ'i;ba : PP | | ty Test (TOST), by
25 ASTM D @43- Géectifige ﬁéﬁ' oirbaging egeatar thdn %0 wehisahaBie, less
to o [ Lon. in th
wat e 10 AR DERRECE, 3 BBB bl BcpSinl (BgR GieSE guiao. tess
The tf@;ﬂtﬁ Qﬁd‘ft@ stlfurs acegeential eud:mﬂmmftclaﬂac&catdrrrsu gheter than

of t b ' or.the
nour 254 (gtRa0RBules dytPoyfipruatnilshlcfpdiy o podfon
conescéffigient lesh dharoar equalitb t0s021 whee pozdseded at A kinesnatic

3n 1he cal,l ELg.of this

30 v enEranv T satind BFs S LA o 81 48 ire ke ratio o
| n pmefesulesiwiivipaenaoystopatafiinit dmdtioatlitydo ohdleailes hith
“inv I I rel ease
oy ACRIE g SA R IR lrahy R EREr Bl 2 hb ¢ %55
degrees C, or additionally conprises a Pass result in
the Procedure B rust test by, ASTM D 665-03. Hydraulic
Fluid: 30 The hydraullc fluids of this invention
containing a zinc antiwear (AW hydraulic fluid
addi ti ve package are prem um hydraulic oils designed
to neet all major WD 2007/ 075831PCT/ US2006/ 048677
punp manufacturer& requirenents for protection of



The hydraulie fluids of this invention containing an

ashl ess antiwear additive 10 package are zinc-free

oils fornulated to neet or exceed the performance

requi rements of conventional anti-wear fluids while
WOGH7#73841 an addi tional |evel of environnent &CT/US2006/048677
safety. Al grades neet the requirenents of Denison

HF- 0, while 1SO 32 and 46 neet the requirenents of
Cincinnati MIlacron P-68 and P-70, respectively. |1SO

68 neets the.requirenments of C ncinnati MIlacron 15
P-69.' 180 46 neets both the Vickers anti-wear

requi r egent Sre@fadh‘tgzg?grm&; &Phe eI IRXSE AlbicGting oil with the

systens and |-286-S i ndustrial hydraul.ic_systens.

ChevSiPtehPReS OIRIPERsIUCE an INpravehivericatg eilwierein the
bi odagbasiall IebaringasichdNg r&dil ip tRE WitenAEéaElfe vessel oxidation

toxicity (LG50 t. These oils have substantially -
ber t dPSCiM AT 2273113 1 150 Aagrees o it ivAbleast 50 minute

5 hydr agibhter fiai 66 re2@t Ih@eMBfictingGif | ui ds of this

10

" 15

I nvention contai ning an ashl ess antiwear additive

package are designed for use in the vane-, piston:,

and gear -ty p@EPARE P HESTRIFTIORIOS TRHE IPENTION
hydraul i ¢ equi pment 1 n environmentalTy Sensitive

areas. 25 They are esPetially well suited for

apHydcalic fRgk RAd ArcorRhg R WilPbxdliehPsdatidh 8%bkty and high
pi ston.punps. Cr ulﬁtln_. ORI Tur bi ne oils and
paparosit diieres are Bialy gegiregm Fxoolisat ggatian stRbilty fransiates
gei?i&tf ?!ngéi QiSﬁfa?_@?t@hdﬁig&tgHé Behire o bl §l(1aA alg@ﬂwetreby reducing
oxidation inhibite . antiwear ~and extrenme .
orAQRES el Brpalfent piption isf%q}‘ftéﬂsﬁ’g’"ﬁ"l“&es Sfigge build-up
ci sl retfuicag hairhfud valriisis depysift, efBumicsiBoth reliable operation.
one' enbodi nent paper nmachine oils that are highly .

useful in paper nmachine circulating systens, dryer
V\Di;éiéa}ai’ eS8 B&Pﬁﬁlffla_hﬁﬁ Qﬂ@kg&&_ﬁglﬁg G %E;tﬂiﬁﬁentaa?é req&txitl‘qed to

cal ender s}acks. ey prefer ‘nmeet or excee e

o P AR eD S Bsme b BB R PP eEitr e Rapditons. To

. meandoahodate wide-mahgidy Rpviehmehtal Behgitibns, A0Brd&tinghoils with

6 ar el SRR, s R aT o oo wer

. | SBNER HySacRaihg viscbditFihdB0(Vmimprevese dnatARMly, smaller

20

e e B g AR bl o b B e toner

cipressuaes gyeofslestodﬁgbai ﬂe_mra’clmém hm@gtasm,a:;xicmiid@a idegeadation
D28 SRR 30 5 P36ahl B BB AL b Pyprs i e

 aduigd@tihge8F). The circulating oils of this _

25

30

I nvention containing an ashless antiwear additive
package; with a viscosity grade of 13S0 100, |SO 150,
| Sbeplrbricatipg dGhef thisdnyentiaragorpprisssea vasosiMdaERetween 155

4 : . ) [ - j h e
SO YRESEadER Pest kSRS TP Daartipd "o e

d reinvieesimenbthei viseasilyiindeols| ietwben NB andv2i).i The high viscosity
. i o bt L _ _ .
R i L BRATEH Rt Y1sPaty Bl RGP IPasp o et in
gdhe lubricalingeil.EP characteristics. They al so have '
superior wet filterability, as denonstrated by

the-Pall Filterability Test: The circulating oils of

this invention containing an 20 ashl ess anti wear

addi ti ve package are recommended for use in al

circulating systens of paper machi nes, including

wet - end systens, dryer bearings, and cal endar stacks.

I SO 220 and 320 may al so be_gsed in plain and
anti-friction bearings. 25 Turbine OQl: Turbine oils

bel ong to the subsets of either R&O or EP type.
circulating oils. Because of their excellent

oxidation stability, nost turbine oils are considered

hi gh-quality R&O oils. Turbine oils typically have a



WD 2007/ 075831PCT/ US2006/ 048677 preferred turbine

oi |l additive packages to use are those that are

optim zed for Goup Hand Goup Il base oils.

Turbine oil additive packages are avail abl e

womEiessat |y fromadditive manufacturers, i nq:ldﬂk%s‘iﬂwmssw
Chevron Oronite, C ba Specialty Chem cals, Lubrizol

and I nfineum According to turbine CEMs, 5 oxidati on
stability is the nost inportant propertY of turbine
oils. The rotary pressure vessel oxidation test

(RVPOT byASTM 2272-02), and the Turbine G|

St fr‘P.b' ihls Xcagﬁ@toﬂ(c;ll_‘%g lm@?‘lﬁgMngﬁﬁéeg %ﬁ?m&‘h&.& U&:S@@t at40°C

conmon 0 ion
nma e Gretde 7Bty Kineraalis vnsccesﬁtytm rr:easnrm:hby A8TM D 445-
hagg oxidation stabilities exceeding those of earlier
turbine G ls nade with Goup Il 10 oils. In Preferred
enbodi nents the turbine oils of this invention wll

5 haygel
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st grRRleD et o1 3 R EFRAbIYEATY A beBpfPAred o

m & esoundiasa ol | is regapured usagethermsry p@S@ar@u-peslsel oxidation
H, | i

Ly AP (YR T 4 o e Bren
baE@S§PT9§' w@sseblpsevabiate the, axadam stpblity ef new andgmsw}ee fully
S afgifdated fubrlc@BAg bh@ rhrﬁp%j\“(%r/ ﬁﬁlgﬂ% i&é&cg@tsvins@gﬁrégence of

i ndex greater than ess
suVRTRT angeCopRaT éiait@hlstGOdLﬂt 1BPfChabe |dbmce$n9f0ﬂtdf|ﬂ3|s invention

i nNﬁQb'Fﬂi‘\/@*rsr@sﬁl%\egl%a?&%%bgglmlﬂ Pré?%raﬁ!yegrea er than 680

car bodat oMs G oup base

f r &nd Q8 BURMHiEH BAE Kedergbly mgt@rémrsSOQ\mncmear and most

depichaabnfapanfr-@han 680 AthulBeb! i cation 1509. The Group
I'l'l base oils..used in the lubricating oil of this
i nvention are made from a waxy feed. The waxy feed

USEhe! bxﬂdﬁtzér‘i‘ Stafid¢ bi - IQBnéemng dlmﬁms' I%IWDH ,may also be

general |y conprise at_| east

O BEPawEt 1 TRl inaispY, Stahlity diest (ASE) bYAGFM D 943.04a. The

PET @Sﬂ'tméast%és RArifd I fstarittio Bi@atired ey QHHYO%&%@B the
t han percent n-paraffins. The we

ocRBERtoq P Walesf bmaen: a7 PiFiaLeagiveteia e a1 B GaThe test
CMrﬁi}ﬁir&gé aaiwm.m\hhaﬁ m&egéiamﬁ%érrbffﬁeé an Ireédﬁeg% Omg

P G e 1101897906, filed 004,
kG seR el Sy Perenem e tnel wazyes 40 90R urg avbichever
C coDneed ﬁmatrhe qoet eeunlt@e;mv&&b&@&% hutse N TAE TCBST results of

| | 30, A, b d
S AP Rifcateg s oBinis yveRtion el ipiably arenis 9 dbaoeours

from a F| scher Tropsch synthesis. A.major portion of

t *]ﬁ eas{ e, C?dcaﬁ}%nk%&(?g”gnﬁ%%ﬂglgof%s arlfvenlzt):ro%faedrd?t%naiiy
2@@mmmsmrafww B4ABT D 34200BicH leskaihhn a@m&é@ at50

degr referably_at | east

oboEse G o BRra rERIsEe Al bR SRR in Fipckare B rust
pawfwmmmam-m&ed in carrying out the invention
typically will have an initial pour point above 0

degrees C, nore usually above 10 degrees C. 5 The
té%ﬁﬁggmiﬁmﬁber-Tropsch derived" or 'FT derived"

means that the product, fraction, or feed originates
fromor is produced at sonme stage by a FischerTropsch
privedusiradiiveide déthixioveotion bentBirétha mn'f:rammeiar (AW) hydraulic
p f t

AT oS0 d 8Bkl bR e Sosigpag p mest o major
10 coal, shale 0|I petroleun1 nun|C|paI maste
derivatives of these, and coghi nations thereof. Sl ack
wax can be obtained from conventional petrol eum

derived feedstocks by either hydrocracki ng or by

solvent refining of the lube oil fraction. .. 15
Typically, slack wax is recovered from sol vent

dewaxi ng feedstocks prepared by one of these
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15

The waxy feed useful in this invention preferably has

| ess than 25 ppmtotal conbined nitrogen and sul fur.

Ni trogen is measured by nelting the waxy feed prior

to oxi dative conbustion and chem | um nescence

V2T by ASTIVI D 4629-96. The test nmet hAETIES2006/048677
further described in US 6,503,956, 30 incorporated
herein. Sulfur is neasured by nelting the waxy feed
prior to wultraviolet fluorescence by ASTIVI D

5453-00. The test nethod is further described in US

6, 503, 956, incorporated herein. WO
quﬁﬁmmmm@&ﬁit@#&ﬁ%?for Yeotyctieredishyretlid pumps. The oils

- b RIS i SEGafidr S e iR el Pl servioe e

| dhge-conabmiidriab bidraulic tpRishMey4litbeséial pottaesiséeptne

o R e B e Re B P Mapiitehd

sadquipmeht ifei d; hesad:uig ase daesighyd focusdipnanel huisien-, and gear-
Fi,scher-Trao Wi t.hin

o7 BTEs P SR Bpeati G Fbasel B s i fssures
weexcatd dibOfedses t hem i deal candidates for - processing

into Goup Ill base oil. Accordingly, FischerTropsch

wax represents an excellent feed for preparing high

q Uit ivydreulinifuits lof s raeation Icenthhﬂng d'hr@hileﬁsst ditiwear additive

f h h h
PERAT St PG PR AP Puiied B Giest BR RSkl B6 pifrmypnce
_ d |rsgwa§-.r9epismf doowe bidonee matiwenrgiuigsewhile providiod aasadditional
p?é\FeI Fb‘?bﬂb.r&ﬂﬂ S{a?ggffe%? F%E‘gg\@/ege&m? ?%l@%"gg ts of Denison

sonerlza 1'on~ 0
d éiE—@eWh(Be oS0 32 anddBanedt the hamumgnem:seiflcanmmhawwlacron P-68

t HHRah %u E)%sd%}pﬂ@&h I'%? GW%;QS L FR I%gI’IEI@S %g C\%in G r%: Milacron

descri pti e hydr Oi sorre IZzatl
plF(?ﬁEs 43© 4fnynepts bollntheiVickdss Ratiovearequirdm&ss, 38-2950-S for

oI, s it BB S AP RER AP S7AERR:

- aéHicoven Cﬂgﬂ'ﬁt bh’dmllcr@llﬁt AV Wmhéaﬂﬂ}yvbld)dl'egraﬂﬁble and pass the
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h rizat]
%5 %egfer c?LIB)ZGI ﬁ% Lox &gﬁg':és%hgfs haE LULE Ry better
'hmmﬁgbmabllztutth@mcqw@mal pydrbuiiafiligsconprises a ..
shape sel ective internediate.pore size nol ecul.ar:

sieve, a noble netal- hydrogenati on- conponent, and a

I ThedfideaWlicoRUiae of P Pivintidh Bostafiey 88 1RRlds%@intiwear additive
i nt e&medl at&%)ore si-.ze nolecul ar sieSfe is preferably

s BPERRGRIAFS JeRIgRed B oiss 1B R Verengisien 2 gnd gper-type pumps of

ZSM 48, -ZSM 57: SS etite, ferrlerlte

%ma? FoReCiRfhevad pulted licafigns thatexeped i@i@ pg,as found
anﬂanahﬁxstajaip;mﬁﬁst hereof are nore preferred. -
Preferably the noble netal hydrogenation conponent is
pl ati num palladium or conbinations thereof. 30 WO
ZGGH:ﬂIIbEEGﬁPCT/ US2006/ 048677 desired yield, and the
desi,r.e roperties of the
pr S ofib BB Pel i Siptaronig. Beraito the areral class
be cienilatingy eild. | Rost #vad dﬁﬁaﬂéremmﬂﬁﬁﬂt{m)ﬁbnﬂ@éar (AW) and

ees Gto attg%; 4%13 de ees, tcz:é 0O to about 775
d8 TEE EFSSUCHGTALIHAER & FEclﬂJf“ %°'% 3000 psig, and
aThpderogEinng @ilé et this &rivientibn fare . ahoembbdimbat Béber machine

fera from abo

VL e B LRkl paRp i st 4 e, gver
| VI SCF/ bbl . Generally, hydrogen will be separated
fromthe product and recycleg-to the isonerization
zone. 10 Optionally, the Goup Il base oil produced
by hydroi sonedzati on dewaxi ng may be 'hydrofi ni shed.
The hydrofinishing may occur in one or nore steps, .-
ei ther before or after fractionating of the Goup IlI
base oil into one or nore fractions. The-

~ ShRSBiRlandSAREY I'%M'ﬁ; oze%*\& enZAMmFondaMAS, sensmve areas.
r




20 be needed to reduce the wei ght percent aromatics

to less than 0.1, preferably | ess than 0.05, nore
preferably less than 0.02, and nost preferably |ess

than 0,01. The Goup IIl base oil is fractionated
wol007@74ser ent viscosity grades of base oil. peGlukzdob@ase77
context of this disclosure ""different viscosity

grades of base oil" is defined as two or nore base

oils differing in kinematic viscosity at 100 degrees

C fromeach other by at least 1.0 cSt. Kinematia
visCosity is nmeasured using ASTI V1D 445-04.

: , . ey Dot .
PRy bhd GalehalP RS, Her ol meth Bt erduihl
.  spepdficatians Phpamkroupching ehdipenaritimdnufaciucers, including Valmet,
typlLeal | int | th d C
b B2 VIR U Lol nt i 11 e 1'ess. than 30
degrees C. WD 2007/ 075831PCT/ US2006/ 048677
Addi £ i _ f : . ‘ it

5 ¢ oheEBaRAG ol AR ? L Rhgal BoREY baBRAE with 2

~ of vipensity goade of iSO 60y 1563 220, angd 15{(e 3RDneapbe esed as AGMA

v BSEEO 125, 40 88 oo 5Bl "o 220 an

i s3e¥iseesitylgyadés obtheatiicolatin@aile cGhtaifog R Fac Botiwear additive

7. i i Co M SGOST LY. Ak - -
oo gkan’ el B Ped W bl siptilloals oF plévated

10 bazmebignt idrprratuses akdiegh av 881 4bIFjuantities of
unsat urated nol ecul es neasured by FIMS. In a
preferred enbodi ment the 10 hydroi someri zation i

- dele Eigpiaiing eilseefithisriaveniignoentriningran ashlesrapivraragditive

of LSal ts ' . r
scikels AT B ioohl Brodt GASER 106 IBCHHS A0 820 1STPERD anc
wetGfhmay decesed aABMASEE: 4EEs SR, BES and gEPadilsi ragrectively.
f i i -€ .. - -

15 | ncY, B Tuligbie B BaBk BoVgedhs 8hd orbPaBa BRaP Ul IR
orféregiating cils o Hide frnsgntip conlgining Bn @sbigss|antivigas addigive

0i JSuchi " - i '
0 oK extbfi HutstanFiv chich spfbilt) o il e Shike EP
- Prafmerdpiisticehghenalsgrhaveraupsepevettiiarabitity, gnglegionstrated by
-Gpb il FikerBBRE Pédt. WHd cirURithb U8 !dr thil @WRrRoh 3bhithg an
ol ecul es wi th nonocycl oparaffinic functionality to =~
20 rashlassantivedn agitive dpekegrpee recrmmendastior yga it e circulating
Orsyaictfs bhﬁ%bé-rﬁacﬂiﬁeﬂﬁﬁélﬁclﬁihg YreEpRCHYIREHhS, drDEF BedMys, and

be-no 20 npolecules wth nulticycl oparaffinic’ o
f FSNYER §Faks, 19O 8RO @ng 330 Bay Aisae s neelaineandiapfirfriction
- mipegpwgboparaffinic functionality to nolecules with
mul ticycloparaffinic functionality is greater than
100. The presence of predom nantly cycloparaffinic
25 Mohggmkasi-wi th 25 nonocycl oparaffinic functionality

 okhe e SPitatedPE hubrrert SbreBRCERr Pt peuamape

le b.uls;eioatﬂéhi é)}tielléﬁt Wﬁétimﬁstﬂtﬁfmg; lﬁibtsaﬁﬂ_tln_tﬁie\/(gs are clon*le.idered
sSql. 111 . a ner atl Dl 1| e e ou . -
DR R o 2 ThETES ol BRI Bave S ingmats (ECpgblof 26.8
t han1 nlJO:St @(Itj eber althgyl=es &EM@PS@» 2&2@@ az,gmr ﬁe,l lgdv 88Sor 1SO
t and nost preferahly | ess than .Q.5. 0
30 | 0aisarty oids. T blierls e Bt gorive PRckag s an
peiydm(')lﬂiggmmﬁcbﬁﬂie@&%l?lbﬁig ?ilﬁ?UM£ﬂaibﬁgmgghh¢ oites Al of
t n , .@aNhn .host refera ess .t n . . -
S Qa8 1B o B T baeeRs 7k 06, b1 ARG et CoRcentiats. The

enbodi ments, .the Goup Il base oil fractions have a
traction coefficient |ess tpgq 0.023, preferably |ess
than or equal to 0.021, nore preferably |less than or
equal to 0.019, when neasured at a kinematic
viscosity of 15 ¢St and* eta slide to roll ratio of
40 percent. Preferably they 5 have a traction
coefficient |ess than an anount defined by the



15 Oxidator BN of the selected Goup Il base oil
fraction will be greater than 25 hours, preferably
greater than 35 hours, nore preferably greater than

40 or even 41 hours. The Oxidator RN of the selected

WP 3M5/0rI8B1 base oil fraction will typically bédrasg006/048677
than 60 hours. Oxidator BN is a convenient way to
measure the oxidation stability of Goup Il base

oils. The Oxidator BN test is 20 described by

Stangeland et al. in U S. Patent 3,852,207. The

Oxi dator BN test neasures the resistance to oxidation

by preferred Afirbind ol BHSiiVY @%c@ég&etﬁ @@%}éﬁﬁbﬁ‘v&]hatt are ‘optimized for

t Oxi dat f
o Rt fiandbBfous NLbeRERE ndurh i CLAEPIVS PAFkages are avallable
28 copﬂwc%ﬁy frb%éddlttb@ e Urictutdts, iI6I0EiING ONSvrah ©reRfe, Giba

. BORBRIY Gl ST S0  ApogAnodybivbgEMs,

5 Of oRidatioh @taﬂi’l&y @@h@&h@ﬁt |Bh$dr©ﬁ§ pro@ae&y"ﬂf trbirfeldiR! Tﬁ& rotary
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is used per 1 and an ditive gac a

| SPIRsse criaton oot {RY P by TN © 2274 9By wadhe Turbine
sot)lltfktabil‘iﬁ/ttélst (apST et em H B4kar ﬁ%?@the-rﬁl%sﬂb&hmc% oxidation

ates the average

ht henat
{eaﬁ?s Fﬂf?g‘ﬁggﬁ‘ﬁn‘ﬁ BY a??&a%i aﬁ"&e Birpine pifg of dye invention have

o rrebﬂliatldamsiab&m@ﬁfe&b&édm shete Sledridd tOWsine Qﬁgﬁfé’dehwﬂh Group Il
10

ead = 80, 20
Rikrensshimpodinents S6a irpmolsias tahdnenyen wil have
pamge i Ble&QttaMdreﬁm_:rg&teﬁée%xL&tloR t?st by AS‘ln(\)n D 2272-02 at
i thi o- phosphat e per gr ans
§§¢J ¢y %V@%ﬁ%%@ﬁ&m US2006/ 048677
apprOX|nater 1.1 grans of OLOA 260. The Oxi dator BN
teglor : t.he [ Bjponse of ‘a lubricating base oi

ion. Ni gh values, or long
t | Gemipt b llabsd ibbase oils bes défnéﬂ(lngﬂm Pibia€6h 8 509a¢h the

cronymfor Oronite
ik G aabﬁc'%&éﬁ%aer'ﬁl% o 21 bt 8l ek have aroetor
t rthee BQrki% Satlinatesp lesSrthan tle wt%ardnh&ifdsc atvis.fa@sﬁ) ind@f( greater

o n 128 B0 SRIPR O3RRRBLIGE T Sfderted Bre flimse ofs of -

s éhisdnezhtiGnoalpo. hiave lml.@nhaﬂ:ﬂuﬁb@t‘dﬂ cﬁiﬂborpéﬁfn@é thYup i base

Bl SSLSISL 9 A bl RSe S cenos

I Uﬁ@pracmeiyng ARl Puiflications 16ﬁ9£ MhisdBroQp!T ba8e il - used in the
ViSCaS 0.1 S0 680. .Th

¢ RS s T S0 ARy DE vy oo
24—@9@711 theopective of i hrpntids thekrwmwp&bmﬁdsé tat Néast 40

c 0 rrp es&gw %Etg‘leagt(fll'% r&%‘i’%@? P?vaete'g%\?g%ﬁw per cSnt n-
ARE Qfﬁﬁ%émd maee preferaidy geaaterthenicd \pelgla*epnrcént n-paraffins.

br | & t OXI dative
qanehEBntpeclRl Abaraliis CAREIPele 058
aftruRalegmphydgreh ag desnadleen iredetabin UBI Ratenvapplication

[ 0 oIo ation
LR, AR P2 PO bR B R R ey oo
oRkiaYe 8reonveaninnal petiofatiny derived feed such as, for example, slack
ngﬁj
; ﬁ%{f ﬁfﬁ e%weh%bgé(lgﬂgh a Sgnttheg fee?d ﬁu 25 for example, a feed
4929%% fremga diispher=1 Tr@mqh sIshesiy., A major portion of the feed
4 sAoniliIbI 2 h
201:l rgrgt%ﬂyl engetﬂ%c?eéld rréré% et ﬁ%ﬁé&f attl%s)tuia )9 I W%tghtoﬁ’ ‘3me“t of the
4 41Lbut yl i denelLbi s( 3- nethyl 64dert - butylphenol)
254, 4" -i sopropyl i dene-bis(2,g-di-tert-butyl phenol),
2, 2' - met hyl ene- bi s(4- et hy1- 6- nonyl phenol ),
2,2"-isobutylidene-bis(4,6-dinmethyl phenol),
2, 2' - net hyl ene- bi s(4-nmet hy176- cycl ohexyl phenol ),
2,6-di-tert-butyl - 4-net hyl phenol
2, 6- dl-tert butyl 4-ethy|pheno|,
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5 Anot her enbodi nent of the antioxidant additive
concentrate conprises the oxidation inhibitor

2- (4-hydroxy-3, 5-di-t-butyl benzyl thiol) acetate,

whi ch is avail able commerci allyfrom C ba specialty
whenimmadss: at 540 Wiite Pl ains Road, Terryt owpcrhdzo06/048677
10591 as | RGANOX L1180, end no ot her oxidation

inhibitor. 10 Additional or other types of oxidation
inhibitors may be used in the antioxidant additive
concentrate. Additional oxidation inhibitors ney

further reduce the tendency of lubricating oils to

cori Bidich dhbyE Srbl GedtE, AED Rt PRtbreRY phiedShaummiont
supéroent ol bcﬂmbcﬂrbl 450 degredd Faﬂngmy @br&ﬂf ﬁilb sy DasPinecarrying

(dPgL ﬁé?%qﬁ%b&gélg@ﬁﬁ\f/@;h%%ﬁe%bmi ia pgur pom{ above 0 degrees C,
di edcey usualty atpivesithaégreeart di phenyl amn ne.

Di phenyl ami ne oxidation inhibitors include, but are

not limted to, alkylat ed di phenyI am' ne '

nap Tﬂmﬁ%heF%pégS%l orfvﬁul 8f| on§ ey ; teckal i{?\pﬁlthe product,

ef ﬁ!‘é@fwm@y ferel wrigieates dro2d obist prednceti &f sorea tstage bha ki Fischer-
' ”Fat@' ce%h‘c Hrds Q? ek ?or%g %%?—mﬁ#]pgec Péjrggess may come

enol oXi on inhi
anﬁr@m \Mﬁﬁ vagigty of Wrombenbcmlesreaoerceshineﬂmmg natural gas,

T
neRR A 8, AT A RS e lifec S Bhe, ana
ha@'@h%ﬁﬁ@?ﬁfﬁéﬁf@f per f or mance advant ages. The renoval

of zinc. containing additives in the lubricating oil
is especially desired. The anti oxidant additive_

c (ﬁlaeh M@n@o&tﬁﬂ%rﬁ@o@h@%dﬁﬁl getrbeuhtlbéﬁﬁéu felR@istocks
I nvention u %
By Bt S cSiig 8w BoRBnf g S ibobacgin,
t oT)aimilty Slavk Wax i rexovericirabl solfem aetaity fet@@stocks prepared
q:&né O7§ﬁ§ﬁg€l’r U%ZOOG/ '84 677 0. 05 wt %: ﬁ e%f g
& ¥ ETBTEPEr-anY S ingy3 Ysuglhprrefgissq Because
?med'adcmg %Wl Also mesmcteytﬂm rgbgéit bﬂlﬁtﬁ\ﬁﬁfcﬁa (oW value. With slack
t he visco i
PO rort sty W REE! Gis BN i it SRS feciogytne
t mlmm'gcwtem |himdre’aeah@ bEtheasiatiuweax aad behesadabdowér the

I - VI
t he y %?%v%lﬁg en arﬁgéi per%ggpgof?g‘@s Y Vel%nglggn‘ﬂs‘?ﬂsétﬁ index,
t m@aﬂy ur ibe range phfroovabeuta4® o210 debynding Jcﬁﬁﬂ?e(bﬂtctbnten’c

TS Sl ALY B o 058408 e, herrrs,

g &laakavaxgsiare tsyldablal foctheyprepasatmmfédoupl Ilikdsetolls having a

' S'@ﬁﬂfhu@ﬁtv?s%ogﬂrﬁxﬁ 07s-1. Hydraulic shear causes

25

30

flui'd tenperature to rise in a hydraulic system and

-shear may bring. about per manent viscosity loss in

| b5 non '
; g?%n‘f X Of?%% ?.:I:S%‘ﬁ.lri) A [r?eh%fcﬁ{ Fréf?fgbﬂ}’ﬁéf Ie%rs%hgn 55 ppm total

ofoutingas yitfegen snd gefun alitiegentin m&asfdred)by nmim the waxy
aYES PP Bl i iRE c?ﬁ‘itﬁ{i‘.ﬁo@fanﬁ% itmARdsdeicd dBte‘%tlo%nby

atomc mass units (enu rovers are genera

aOFIM CA62HPP ¢ JﬁPﬁQSWBﬁTC&i is é@lﬁ'@%‘rﬂaseﬂbenm Hﬁcﬁrﬁos 956,
ah%“p&aﬂecﬁ ﬁél’éﬁl MYQ ﬁ%’eaLs‘dP&i b9 PneSt dgdmec\bgﬂ %@ﬁll J}ﬁr to

| ubricating oi Vbr e “at
Hﬁ?é’f%%ﬁfﬂ@ée%qq*aﬁe IS TMUR 5145@]:9% gThéntest nsgbed ts)/further
Cb@@@ﬂye@f intUsla0R Qﬁ@ﬁﬁcdi’pbﬁt@@ hiffgper ature more
constant than Woul d otherw se be the case: The change
i-n viscosity with tenperat uraN: s commonly represented
by the viscosity index (VI)" th the viscosity of
oils with large VI (e.g. 140) changing less with
tenperature than the viscosity of cils with |ow VI
(e.g. 90). 25 Major classes of VI inprovers include:
pol yners and copol yners of nethacrylate and acryl ate



WO 2007/ 075831PCT/ US2006/ 048677 The 1 ubricating oil
of the invention has less than 0.5 W% preferably

less than 0.4 wt% nore preferably less than 0.2 w %

of VI inprover. Mst preferably thelubricating oil

WaS0H@75881 i nprover at all. ' SipeOllie Anal ytRCF&IS2006/048677
Test Methods: W % O efins: The W% A efins in :
the Goup Il base oils of this invention is

determ ned by 10 proton-NWVR by the follow ng steps,

A-D: A. Prepare a solution of 5-10% of the

test hydrocarbon in deuterochloroform - B.

Acquire a normal proton spectrum of at |east 12. ppm
spectral wi dth and accurately reference the chem cal

sh qu(fﬁﬁﬁ? uggfulin tipﬁelnywqr]ﬁfgrﬁxpﬁﬁ@ﬂ te bepieatiful and relatively

suéésmmsetiae fh ﬂ\@f\fh%rtfﬁtu@é aauetlr\ﬁe%cﬁtmabhdumgyéh synthesis
overl oadin e receiver/ ADC. en a degree pul se

N Y R g T Ay B R L

5 dl Vidpsehprecesdyotnipriset agRagie &@aﬁggs sBhefiRuURR lavdidReous

10

Il _be 260, 000 or
O Pl Barbeng: Thess s T iopark OB et bisa il within the range of
20|ﬁbacénrt?g BB 6mb@tﬂam)a h%h%rép@rﬁ@ﬁrd? wel Wilith Flakes them ideal

m (satura Usi ng t he nol ecul ar

iR S T DEeTS A, (e GEuP B basaPh ARG Bahol—

25D@pseh ey rébﬁaseﬁﬁﬂan Eh@el@wet‘ewefoﬁa}e%%@fhnérpaﬁéttt? Group Mt
of the at ur #[e] hydr ocar bons The aver%?|
o P! g 40 e progess of tfwsmgeﬂtfﬂﬁ’e Fisehgl-Tropsch wax is

| MiEgtaly somti e sodr térRpaatGle aid, cbﬁt-@;gtéﬁﬂy' @:‘sﬁt&%‘pb%?iow
2007/ 0758311' CT/ USZOOG/ 048677 4. The integral

i ACERSTELID BroRaTHRs: SURD 85 RpMh ppﬂtaﬂgwquﬁ RYPh i AvER

15

20

25

30

offohq\dmgqmoasmteﬁzaﬂdraaf thB .wall) FigthBRTroptichQeivid Group i
dro pﬁ_ﬂé}@gﬂeﬂ {} ral /integral per hydrogen)

siashals Sxelianth em%*“(gsr%ﬂw%wv&&ewmred A

t igerRraydFsegeion bhsuwitaeid ﬁycﬁr@[siweﬁizaitoﬂ demﬁln\gtp%acesses may

oL ioAPE A PRl NER. 5 bt 2 %@%ma Patent

t Vippdizhtioh 20050 ta84@9y tre:oetbarat&ﬂhémrt he nurrber of

hydrogens in a typical test ‘

" The hydroisomerization is achieved by cbntacting the waxy feéd with a
hydroisomerization catalyst in an isom‘erization' zone under hydroisomerizing
conditions. The hydroisomeriiatioﬁ catalyst preferably comprises é shape
's-'elerctivé intermediate.poré size molecular sieve, a noble metal hydregenation‘
component, and a refractory oxide support. The shape selective intermediate
pore size molecular sieve is preferably selected from the group _gonststing of
SAPO-11, SAPO-31, SAPO-41, SM-3, ZSM-22, ZSM-23, ZSM-35, ZSM-48,
ZSM-57, SSZ-32, offretite, ferrierite, and cormribinations thereof. SAPO-11,
SM-3, SSZ-32, ZSM-23, and combinatiorts thereof are more preferred.”
Preferably the nobie metal hydrbgénation component is platinum, palladium,
or combinations thereof. -

The hydroisomerizing conditions depend on the waxy feed used, the
hydroisomerization catalyst used, whether or not the catalyst is sulfided, the

-11-
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15

20

10subst ance nol ecule. The wt % ol efins by proton NWR
cal cul ation procedure, D, works best when the %
olefins result is low, |ess than about 15 wei ght
percent. The ol efins nust be "conventionar ol efins;
we 20000883t ri but ed m xture of those ol efi n typRSvuUS2006/048677
havi ng hydrogens attached to the doubl e bond carbons
such as: al pha, 15 vinylidene, cis, trans, and
trisubstituted. Thesetlefin types will have a
detectable allylic to olefin integral ratio between 1
and about 2.5. When this ratio exceeds about 3, it

i ndi cates a hlcgher percentage of tritr tetr

s iSSP yiedd: Fibierdestied nipRdRE CA e Brawe Hl ‘P?ftﬁ @ht Preferred

aASHMFEIEbRBRZIAY sfonbmoﬁatﬂ@em |r¢ﬂie%ﬂrﬁ\$rﬂ ifRtiBH AT .
doubl e bends |n he sanmp] e. % i cs Measur enent

bylempe[atugs of Qspn‘éegf@?ﬁ &t Od%t&i’f f’fé 3 egseReCl GO te abpYt 775

ofgpbacH), %Stowtﬂaeﬁuré @@35 t@ @aoo PRI AR LhidtBgéh @M ded ratio
the lTubricant base oil E i nvention usesS a

e PORER B-to BOIMSE il B’ée Yehrgimyabaud ditermbot 3

. PaiSoFmBbICRokd Bikef PORRBIRRNY b0t EMSTEIN Generaily,

coupl'ed with a HP 1050 Di ode- Arra)( UV-Vis 25 detector
i Averegesewilike sppampieddeem doaPrasiict pad feryaiedia b ‘%ﬁmef‘zat‘c’“
t%nbljdl vi dual aromatic classes in the highly
saturated Goup Il base oils was nade on the basis
of their UV spectral pattern and thetr elution tine.

TlmptiHaNg, 1he| CotpUR ehsb il drbdScatnBy M?éil?olsomenzatlon dewaxing
differenti ates arorm ic nmolecul es | arg I,ylgon t he

b&R7¥% 08 Nydriinished, gLhe\iydiefinislingmago ONFyRr mare steps,
d@[thbfbbﬁiﬂé oﬁhﬁéﬁfréctloﬁﬁﬁﬁg of e l&r?@b ]fll bass36il ritdBne or more
aromati c contai.n nol ecu) es, elute firs
oS o e SO St D Bl 4P dBProye ik P Gtabiity, UV
detdHikty b@ﬁtﬁia p@&@hc@@f thepeeutEby Fhovih@-aroMélics, olefins, color

2 0758 S2006/ 048677 ar omat
aBabi BoH- %5\9% R &3 GeECTRar Gy ratghing may be found in
S WS PlateiitiNgs. 383HR07T ang 4@357(3 485 da0@potdted hehsine TWet h

ni.c su stltU|on oca identjficatj
O PSR ing SR b be kel S d oG e bt SBh fiRans in the
t iGroup uy babs oilltanes hpaci; ﬁraﬁa&basﬁmmhars Bemhore preferably less

il 4y 0 gt ot P RS L0 R TRENoreERblaa 185 may atso

c@emmu@detnabdgse thee we@egpemedbamnm torieﬁsl‘rkhaarﬁﬂlntreferab!y

SRl R0 R R RREE R e R 08 2% ot pleffbopyioss than

b@.@hused by al kyl -group del ocal.izati on of the

25

-electrons in the aromatic ring. Slncefew .
unsubstituteci aromatic conpounds boil in the
| Tvei Geonup Ridrage, oillis fastionatedrinte differeat vishosity gvages of base oil.

e)ﬁﬂetﬁ{e%gnw o?ﬁﬁ& E: ;:Pé éﬁlﬁld?ﬂ{ st?é??:&r Oghﬁ&#e%ﬁbase oil"is -

aromati1 C groups
eldefined aartwnaxrlmowdmmi&sﬂﬁwmﬁdenwatmmgom atgl 00

R e e A i s o

' kr m@ﬂur@h usmeﬁw Mdd W64, t Fractiaraiing isdlonesising @wﬁcwﬁn:

30

[52:"%9{’ :ﬂ’?jgﬂﬁ kd fcsc i QT8 b llﬁlﬁ%ﬁ JEr €

rm ne nua y evaluating t T aual
absor bance spectra of el ut| ng Conpounds at different

cI aszeﬁ%?ch on t f?&rtfoh@ gﬁéﬁlymé%ﬁélﬁiﬁo;ﬁr@@mag zero

elr iveé simlarit
c GRS alFrefrahly ghe @9%@@& wwtz%'eﬁ&m@yd&p@wfﬁ@s C.

only five classes of aromatic conpounds were obser ved

in highly 20 Saturated APl Goup Il and IlI [ubricant

base o0ils. HPLC-UV Cali bratithr



HPLC- UV is used for identifying these classes of

aromati ¢ conpounds even at-very |ow | evel s.

Multi-ring aromatics typically absorb 10 to 200 tines
nore strongly than single-ring aromatics:

VED R8FOEEHst i t uti on al so af fected absorpti on Z2ETHE2006/048677
about 20% Therefore, it is irrportant to use HPLC to
separate and identify the various species of _
aromati cs and know how efficiently they absorb: Five

cl asses of aromatic conpounds were identified. Wth

the exception of a snmall overlap between the nost

h' %hmohsﬂwmanélé%o& grﬂﬂr@e&ﬁt oqntartffrtné hfraslﬁ uflsgse oil .

I'east "highly retalne napht hal enes
t hé’aewhwwdﬁw EiopRF U aoaﬁs@sdagéﬁ%s Gatretheridnematic viscosity

reaph U@gegrle%tsetﬂrtﬁtc@? rbrbb{@rttﬁar( QrBatng)fi: Pogl F*EJ(:}BQ Where the

1- rlng and rrng aromat | cs 2nm were nma

VP68 g St '§3§ﬁ0%b@4€6¢ﬂuaﬁy@? pBrEe &l %wrdfaa’éor =7.35

5 rremﬁ@kmm\é% v&&s@%@en@w 1GEFRAR

eac neral aromaticclasS ‘were fi rzﬁ"get gﬁ ni nedb)r,JASTM b
coﬁgﬁ‘?‘ggu ng. Beer'S Law *lots from pure . nodel
-conpound m xtures based on the nearest spectral peak
absorbanceito the_substituted aromatic anal ogs.- 5 For
sk Epe firaup 3 R9se i) diestiens haen massuiadlle gupetifigsofimsaturated
oi t
Idleaitisthbadu sy PRiS, pﬁ{ﬁlﬁ gr@fgﬁﬁﬂ %ﬁ%o rkgcﬂl ht he

272nmt hat corresponds to same

- 10 ¢, Byfspispmerizatien drwaliegiand %ptmﬁt'am rspndlﬁ@a%m the process of

Cc Ofﬁm?ﬁﬂélﬁhcﬁﬂal%t taf &N plHGuESPAREBF hidire %gié&fcefd fractions of base -

al k ring aromati c napht henes 1 n base oi

s awhm% gmemae@%we@hbyem& tatalgnelestleravifbeyloparaffinic

- abreERriaty, )préﬁ%}ﬂ? §|ﬁa§téﬁﬁﬁh 3 o?&r%@zf&r]tﬂa?{‘ﬁ@ and a viscosity
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20

25

apﬂroxuratel otetraln nol ar asorpt|V|t

IBR ARt i T 1o BRP B8 BHTS SAITGHF GG iiferou U base
pesiRamll ueuanwﬁé\v@resg A§arP 0 WeAGR peioSniBIR b SUIb S hAA
by a sum t hat th aver age nol ecul ar wei-ght for
DN RPERITIC CURFIRNS i Tl Wirans,oTemats Selecienidiactions of
aV@ﬂﬁ@GlifHdséc‘diﬂ V| awtwafaus‘: Bavé B&aﬂb ok rdIee e hith

ratjon method was further

i rfﬁnBBw&}%&?f?@Blcaf?'Pﬁ naliy P melapules ity muticyglopasffiyic
f ffﬂﬂ%ﬁdﬁw@é@%ﬂha@ 2ok P prefotied Q%B@HﬁﬁéMQ {itGnay berno

chro ogr aph rat di rect
ORI BY VB NG cloP eSS SaponaY. B that the ratio of
u rroenet:ateatwm:Smaasaw@te&dfﬂmd thIch@némﬁlﬁi rionsRMe gt As

ar omat aml had A | ower
rﬁﬁlﬁ Cgél? ﬁ-&cﬁﬁ'& of gymaa%egdﬁalgg und because
|t was nore hi ghly substituted.. More-specifically,
acc ratel rate, t he HPLC UV net hod, t. e -
S BT ERResE YraRsleRifamy S ersin Saktiseath r om
t heotmdykiopraffieicl fubctiorality in;thé@reupiill bays iofl graativiig ef this -

B FRRG A BoE Bl o s e L5 vt

andesveth addidide siolibdlity aol wissto@ier campatibi 22f14éT(Brd>tﬁp Il base oil

24ty A B 5810 1 0 SRR R e o

'_byncﬂalmeferalnigﬂeamhbmhsl anﬂnaogzl\/prlefaab@aéss‘manlcas WihalGroup 11}

30

bil.e. phase a
D LRSE M SR RobD BroB I n B B paR A B8t epsayan 0.1,
t heordqireigrarly lespibasd.05,raomd modtiplefsrabiakbes tHian 002,
detector Set at 265nm and 295nm Saturate 30 fractions
were' coll ected until the 265nm absorbance showed a
change of ..
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WO 2007/ 075831PCT/ US2006/ 048677 bet ween 265nm and
295nm decreased to 2.0, indicating the onset of two
ring aromatic elution: Purification and separation
.of the single ring aronatic fraction was nade by
wo-2ed1reessat ogr aphi ng the nonoaromati ¢ fracti orecavesgoos/o4s677
fromthe "tailing" saturates fraction which resulted
fromoverl oading the HPLC 5 colum., - This purified
aromatic "standard" Showed that al kyl substitution
decreased the nol arabsorptivity response factor by
about 20% relative to unsubstitUted tetralin. 10
f,ﬂr%@lreid t?ctdu%'éﬂf?ttl'\é ErBMp WVBase B aBiHeHY nAR & &Rktion

- 'east one aromatic function
i mqaﬁ@I@ud¢ss than 3. srrefaiebly Ievsdhan of eaua! edhPzinpeare

'a{ﬁe{‘e(f‘gk?x ‘?éérsathgﬁ Br %aﬁﬁ% (i'g 1 @‘"\@Q/éﬁ‘ Alebslied A ‘ﬁdﬁ%ﬁnanc

cal i

sl er rat.e 't han because It S np 'Y
nmedsnmsityl oh il B st Bod ehpisdidede rethatiocf Jersecanty W@Ferabiy they

de&% Rgcﬁcﬁ cﬁifﬁéénﬂéséﬁmﬁé’ﬁ?h#o%ﬁt B&firish By &l &&thtion:

results were tran rom % aronati c
c atrminnmeﬁf@omn-eﬁ Pe9 pdindKinesaatia \sersiyp mdl- 90 brwhgiepmthe

%%Wﬂ@%@sﬁ&ﬁﬁhn@%&ﬂ%ﬁcg'gfcge%ﬁélle%nggs@r%f'nérﬁ% between 2

aromat.l csS I n at ur at cant base orl

weans! 80 g§t; @ndwﬂgeramdhﬁttrac@lonmogﬁtm meagppd at an average
d%ﬁihg%ea%@'399@1@@@@%&&%@%1%'@@;%ﬁaefd@dpéreent and a

ur at el measur e aromatics down to 0.2% aromati ¢

ndPad of 88 Neviiprs.sxempiesepl ipese prefewed hpae ¢l fagigng are
| QuUGIR%R LB SOPaint. PEEBh@éﬂBrﬁﬁumbteP u@zob%ﬁh@étﬁm filed April 29,

—~aronatic function by N the standard D 5 - 99
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M¥¥d was nodified to glve a mni numcarbon
sensitivity of 500:1. (by ASTM standard practice E

3aﬁ)prefélrrea -drethibdigheh B, ivhere Uhe offia afdlarbathtivbizoidnts are

e o 6 1V BB etk 5B B8, 3RS B e

t hexibane BNef theGelawisd Sreop lily base eg fratéion Wilkbe greater than 25

S e PR s 35 Bl b PRSI bt s0or

arsmsmt4 Chowrgl die GiidatoliBY oSﬂm:Mlec’ted Gaoupdl besd @!!dn‘actlon

iR ia PSS bt pd MGl Chib B B bRl wypgo

20‘6@’3&@3’5&8& BaBAtIS? 8CEiav 86 Grolihd ! baer DﬂH—lnThebébﬁiaiDt BN test is

T R o gy

rméﬁcmbammslﬂhe cisidtanento axinbbor bpfneamatﬂa at)rniaéype oxygen

Y t ] of I . - .
PSRl i 00 S 8, T SEHE Ot HEafnte Ot mcustia
l r&ndnﬁo@edemm%emmn@me% m@fee?fiiblgﬁﬁbyiqm‘@élw@e c@ndrtsons ,

_.te éjélwl n agéf'%kség&ta 7 xgge% §46 The Cgesl‘lilt]ls ér% r?’ﬁ%%ecj n

waeups teadscab HOee rod tpf @E ey ‘Blﬂ ¢.0%f qir dbéhé Exidatomigl test, 0.8

BREL AR R 200 ph L0 P ARG g
100@1@@@ H’rﬁhﬁmﬂe The eatalyst issp suxtusnet wolupenelal Rgpkthenates in

i 0y O SRR RIS s oo

dgvaiik angiyels méslge@ pEnkcesetllr sTheslevelpignetaly l@r‘fbﬁﬁ@?'yst is as
TisBRewi: dd,% Fg%zhs Bep elrfaﬁg @b%sff% auzad B0.208 ppri ;

COTTpOUﬂ Were assuned such

gmarpﬁ@ece%ﬁom FoecasHa et Fbﬁiaaﬂé'ae@é\c}s@a% is §fgillimoles
AUk Eis PoiyAropyRACEhEAYIMRRIB-phosphate per. 100 grams of ofl, or
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15 summed to generate one "averaged" spectrum. The

| ubri cant base oils of this invention were
characterized by FIMb into al kanes and nol ecutes with
di fferent nunbers O unsaturations. The Mol ecul es

W EHW787¥¥er ent nunbers of unsatorations may BET/US2006/048677

conprised of . cycloparaffins, olefins, and
aromatics: If aromatics Were present in signifiCant
20 amounts in-the lubricant baSe oil they would be
identified in the. FI M5. anal ysis as 4-unsaturati ons.
When ol efins were present in significant anounts in

t By ohdibiimatan PgamsObi of bay2am uTke @S(Iddﬂ@fBthbﬁdnéﬁsures the

the FIMs anal ysis as 1- unsaturatlo The_to 13
{ HESARNARGIA MBRPING base ALy & IR ap@"caflon High Ralues, or

UMsrad vk ite BBsarb-oHSRELERS @@@ﬁ inRic0S gbod akidatien sedisiit
6-unsaturations fromthe 2 M5 anal lysiS, Mnus- they
W % ol ef ins -by -protOn NVR, and minus the w ak

AIBINBAIS 8N R2r Aﬂ%prdmﬂmmbhemdg ORiaakIitivEe), Wich Rfa

wi th f-fini functlonalltyln

nmol ecal e . clo
' tﬁ@‘ﬁ%?éyéﬁ?"ﬁ%‘éf% ?V;‘%Bf fORit€ i nvention. Note that

10

if the aromatics content vva not MeaSared, it was
unmed .t o, be | ess. t.han 1-wt % and not inclu -in.
¢ BeLprisAtng Qi ot s *Wﬁrgnonvw@?ﬂseamﬁ?n @ggg 8 weight
5 \t{@:lfas\éﬂ bh\tﬁé k&ﬁﬂ?ﬁf;éaﬁhg?o'lf ﬁ?lﬁbls!@ltﬂitéd xsrowluesalk@ oil
Wi cYclo i.nic func al i ni e cul e
{iatiion. EPOErg i srmodat o) abiarierus Bheany gl B
r heheyiagio val ba ﬁéﬁ@ﬁltﬁaﬂi 45 a¥%l | The kubtidating WDof th:s mvent:on

T 000! Q48 bl Lt IV 2586 sty
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ogtad&hadaﬂeyd@nbstbﬁ%‘em D242 2cF{Reappiived 2002).i t uent's.
RepreSent ati ve exanpl es include, but are not |imted
to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
c&itaonelahyhddm@ Slopdenmaght hal ene,

ahydr o ent t adecan- 6- 0 ane,
% q% 89&! ﬁ&@iﬁgﬂﬁ%g@gﬁgses an an OK! t agg itive
deontyriirate 1 Abpedad edditbeQoapbttiatt dmpresanuotrhmzrhizhand delay

1, S5 e S BB ol R Bhdtment e
hydtiodidattenidiive wBnoénttdte & tHie irveviton mayg;onqjﬁsermeomr more

kg P e B Bl e gnor

L+ sexEation ighilitarh dvduder Iﬁeﬁafd:a‘arbpatyaﬁanm &, grroediryieme-tis(2,6-di-

O B R DU 6 D ARGl TR BB o
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t buwmrm)r 8iHmetbylehetiid(pHriethyb 6 oprimgiphanad), ohexyl
C}icJ‘ %hl@@{d%e tﬁﬁg%?ﬁ'%@?‘?ﬁ% I‘fé/rRJ )ohexane gnd t he

ecul es”w parafflnlc
f&rﬂ:ﬁ@i’apvltdpnﬁﬂm(»?eﬁwh-m Heghiipbeptldt s a 15 fused

= r rin ro of two
nﬁél[ﬁé{ﬁ 'l?g'g (H rﬁéﬁgt‘ r?@l] e*ﬂﬁg tlﬁa? |gs gﬁbstitut ed
mﬁt%lmweﬂﬁfms(ﬂ@é@!%v@heyémd c saturated -
hyd 0Gé&h, ng éprﬁtgrt:l) %Igﬁemﬁ e fused rings,

or any at I's ted th nore than

oﬁ@ﬂbtﬁﬁbb@tvi-‘&-rfﬁhﬂbbee@, Byadidedringyl-4gethyprenolhr ee
19 SAEH {rfﬁ@%}r‘f B&%gﬁena}hﬁ 6- H‘rs%pt I'Bihte'trgx%irfo— -cresol;

saturate oca group erably 1s
o®, ﬁ'ﬂbfeﬁjévébl NTda@gthm-r@metbﬂah@wl) nic group may be
oat4_q;ng|s¥2,§rl,gq,%; {&-Fgu YidHaneRe or nore substituents.
Representati ve exa es i nclude, but are not linted
t o, debahydronapht haI ene, oci ahydropental ene,
3,7,10-tricycl ohexyl pent adecgne, decahydro-1-

(pent adecen- 6-y1) naphthal ene, and the I|ike.



25 Method to Inprove Lubricating oil Oxidation
Stability: We disCovered a nethod for inproving the

oxi dation;stability of a lubricating oil by replacing

a portion of the Original base oil In a lubrioating
wiol2067r7sa3k at i on 30 Wth the desired base ol | wirtddbesnass77

i nvenfion. The desired base oil of this invention has

greater than 9b wt % satui ateS, | ess than 10 wm %
aromatics, a viscosity index greater than 120, |ess
than 0.03 wt %ul fur, a sequential - 24 - WO

2007/ 075831PCT/ 1152006/ 048677 nunber of carbon

wthidb Q%ethﬁgé}?gﬁg I'{e?%ﬁ mol ecul es with

cyc opara i nic and a ratio of

' ‘.n-,rmIté&i@ﬂ@@h)ﬂ-ﬁﬁvdm@tﬂfbpawmmm-eulﬂ'dapamdbnal ity to

nmol Q'@é-t\é’ht ffinic functionality '
grébgtaer tlhan JZLW Ellk gﬁ’)gl 542 base oi-l that is being

repl aced nay be selected fromthe. 5 group of Goup |
Goup Il, other Goup Ill, polyal phaol efin,

5 pomﬁdm&réh%od%sﬁﬂ dhthe ant;oﬁ%’c'ﬂdﬁﬁtwfe%néé}ﬂ: comﬁniﬁs the

Exanpl es of ather G oup | base oils are evro

dq@?ﬂdéHOFr Rhikites Sriftpidroxn-Scivi-Shielyl beaayl thiolp acetstealwhich is
XH‘éﬂ:éﬂa%le N@Pﬂﬁ"f’eﬁﬁlaﬁ@ﬂ%m ﬂﬁi@@ﬁ@céﬁ%ﬁ@h Vﬁ‘f’é@éﬁt Hag VWH?ec‘Elams

O@S et r oCanada 4 ortion

© hE: FETPAIn L 40591 55 TEGAMCHN L B8, Bré rodéheraddation
baghilsiidr. of this invention the RPVOT test result is

i ncreased by at |east 25 minutes, preferably by at

10feast 50 m nutes, nore preferably by at |east 100

m nutes, and nost preferably by at |east 150 mi nutes.
AdAidtlitional d}iyotheh'qwbﬁéosidwom nﬂﬁmdmynéaﬁoé ngé@#ﬁth@ antioxidarit

ot SPGEY Cinbfrate > ABiolal S35l nbindGes By urheristuce the
25temlleney ef lubrichras bilsS. détan@faé 87 serdice MIBR dritRRidant addltwe

b 0l o e LR 3d o o

15| e8% mdiamlmtcs:anbma'a(eag Ztic dithioeatbathatd), naethyhedls

20

25 -

30

th-" L. in.t Xt of this '
Sl SRR Lyl SRRl i rapyiine
b ebiphenylaptina miidaiion hilsitord indades tup aed retibhyed)is aligiated
t reat ed
h@EP?Q%ase & F scker E?‘r opggﬁih&@n]ﬂgda'ﬁ@kﬁﬁ?[@ﬁ'ﬂ@a _
5pranféhylamine. Tabsane fdmopetidrises syidryistig effeciipaly be<sbs2ved
between different oxidation'inhibitors, such as between diphenylamine and
" hindered phenol oxidation inhibitors.

Preferred antioxidant additive concentrates are ashless, meaning that they
contain no metais The use of ashless additives reduces deposit formation
and has enwronmental performance advantages The removal of zunc
contalmng additives in the lubnca’cmg o:l is espemally desired.

The antioxidant additive concentrate may be incorporated into the lubricating
oil of this inventipn in an amount of about 0.01 wt % to about 5 wt %,
preferably from about 0.05 wi% to about 5 wt%, more preferably from about

16 -



Sul fur, ppm<6 n-paraffin by GC, wt% 76.01 Two base
oils, FT-7.3 and FT-14, were nmade fromthe

hydrotreated cobalt 10 based Fi scher-Tropsch-wax by
hydr oi soneri zati on dewaxi ng, hydrofi ni Shi ng,

W%&&‘tﬂ“@ﬁ‘éti ng, and blending to a viscosity tRCFEIS2006/048677
The base oils had the properties as shown in Table

I1. Table Il Sanple Properties FT-7.3 FT-14 Viscosity

at 100C, cSt 7.336 13.99 Viscosity Index 165 157 Pour
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Point, C-20. SIMJST (w%, F 510/ 30 ..

0.05 wt% to about 2.0 wi%, even more preferably from about 0.05 wt% to
about 1.0 wi%.

Viscosity index Improvers (VI Improvers):

Vi improvers modify the viscomstric characteristics of lubricants by reducing
the rate of thinning with increasing temperature and the rate of thickening with
low temperatures.- V1 improvers thereby provide enhanced performance at low
and high temperatures. VI improvers are typically subjected to mechanical

degradation due to shearing of the molecules in high stress areas. High

pressures generated in hydraulic systems subject fluids to shear rates up fo
107s™. Hydreullc shear causes fluid temperatire to vise in a hydrau!sc system
and shear may bnng about permanent viscosity loss in fubncattng oils.

Generally V1 improvers are oil soluble organic pblymers typically olefin homo-
or compoiymers or derivatives thereof, of number average molecular weight of
about 15000 to 1 million atomic mass units (amu) Vi 1mprovers are generally
added to Iubncetlng oils at cencentratuons from about 0.1 to 10 wi%. They
function by thickening the lubricating oil to which they are added more at high
temperatures than low, thus keeping the wscoslty change of the lubricant with
temperature more constant than would othe:w:se be the case.. The change in
viscosity with temperature is common!y represented by the viscosity lndex
(V1), with the viscosity of cils with large VI (e.g- 140) changing less with
temperature than the viscosity, of oils with low VI (e.g. 90).

Major classes of VI improvers inciude: polymers and copolymers of
methacrylate and acrylate esters; ethylene-propylene copolymers; styrene-
diene eopolymers; and polyisobutylene, VI improvers are often hydrogenated
to remove residual ofefin. V] improver derivatives include dispersant VI

~ improver, which contain pofar functionalities such as grafted succinimide

groups.

<17 -



50 70/ 90 95:- 742 777/ 858 - 906 - 950/995 .1011-

963 972/ 1006 1090/ 1168 1203 Total W % Aronatics
0. 02819 0.04141 W% A efins 445 3.17 FIMS5, W% WO
2007/ 075831PCT/ US2006/ 048677 Sanpl e Propertl es FT-7.3

WO 2007/075831 PCT/US2006/048677
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The lubricating oif of the invention has less than 0.5 wt%, preferably less than
0.4 wt%, more preferably less than 0.2 wt% of VI lmprover Most preferably
the’ Iubrlcatmg ofl has no VI improver at all.

Spetific Analytical Test Methods:

W1% Olefins:

“The Wt% Olefins in the Group lll base oils of this invention is determined by

proton-NMR by the following steps, A-D:

A. Prepare a so!utlon of 5-10% of the test hydrocarbon in

deuterochiorofcrm

B. Acquire a normal proton spectrum of at least 12 ppm spectral width

| and accurately reference the chemical shift (ppm) axis. The instrument must
 have sufficient gain range to acquire a signal without overloading the

receiver/ADC. When a 30 degree pu{se is applied, the instrument must have
a minimum 5|gnal digitization dynamic range of 65,000. Preferably the
dynamic range will be 260 000 or more.

C. Measure the integral lntens:t:es between
6.0-45 ppm (olefin)

' 2.;-1.9 ppm (allylic)
1 8-0. 5-ppm (saturéte)

‘ D. Usmg the molecular weight of the test substance determined by '
ASTM D 2503, calculate '

1. The average moiepula'r formula of the saturated
hydrocarbons

2. The average molecular formuta of the olefins

3. The total integral intensity (=sum of all integral intensities)

-18 =



FT-14 Al kanes 72:8 59.0 1-Unsaturations 27. 2 40: 2

to 6--Onsaturations 0.0 0.8 . . Total 100.0 100.0

Total Ml ecules with . 22,7 37.8 Cyclopareffinic
Functionality Rati o of Mnocycl opar affins >100

WB-2817/073831 Mul ti cycl ppar af f i ns PCT/US2006/048677
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4, The integral intensity per sample hydrogen (=total
integral/number of hydrogens in formula)

5. The number of olefin hydrogehns (=clefin integralﬁntegral-ber
hydrogen)

6 The number of double bonds (=olefin hydrogen imes
7 hydrogens in olefin formula/2)

7. The wt% olefins by proton NMR 100 tlmes the number of
double bonds times the number of hydrogens in a typical olef' in

“molecule dl\nded by the number of hydrogens in a typical test
substance molecule.

The wt% olefins by proton NMR cal_culation procedure, D, works best when
the % olefins result is low, less than about 15 weight percent. The olefins
must be "conveniional” olefins; i.e. a distributed mixture of those oiefin types
having hydrogens. attached to the double bond_carbcne such as: alpha,
vinylidene, cis; trans, a_nd trisybstituted. These-olefin types will have a
detectable aliylic to olefin integral ratio between 1 and about 2.5. When this
ratio exceeds about 3, it indicates a hlgher percentage of tri‘or tetra E
substituted olefins are present and that different assumptlons must be made
to calculate the number of double bonds in the sample.

Aromatics Measurement by HPLC—UV:

The method used to measure low levels of molecules with at least one .
aromatic function in the lubricant base oils of this invention uses a Hewlett
Packard 1050 Series Quaternary Gradient High Performance Liquid
Chromatography (HPLC) system coupled with e HP 1050 Diode-Array UV-Vis
detector mterfaced to an HP Chem-statson !dentrf catlon of the individual
aromatic classes in the highly saturated Group 1} base oils was made on the
basis of their uv spectra! pattern and their elutton time. The ammo cc!umn
used for this analysns dlfferentlates aromatlc mc!ecuies largely on the basis of
their ring- number (or more correctly, doubte—bond number) Thus the single
ring aromatic containing molecules eiute first, foilowed by the polycyclic
aromatics m order of increasing double bond number per molecuie. For

- 19 -
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Oxi dator BN, hours 24.08 18.89 FT-14 is an exanple

of the base oil useful in the lubricating oils of

this . invention. It has greater than 35 w % tota

nol ecul es with cycloparaffinic functionality and a
WOgbINO7s830si ty i ndex. 5 Exanple 2: Two bl endscmofis2bds@48677
46 hydraulic fluid using the FT-7.3 and the FT114

were bl ended with a comrercial liquid zinc antiwar

(AW) hydraulic fluid additive 10 package. The

hydraulic fluid additive package conprised 'liquid

anti oxi dant additive concentrate in conbination wth

Ot BRIMARL Wit GicpIoVbRANTId ehdrBEIEK. DS QHFIMSaiRgied

to either of t atlonso o
t hé%*é‘stttwrhw theiring efute sdomgrehan those withmaphibedic substitution.
Ta - WD 2007/ 075831PC T/ US2006/ 048677 Table |11

Co 8ﬂ%?{9°a'v@%fﬁ'¢9howb®%m§| hasemil aramalic Rydragewieons from

Pagieng8y Bibédriints dpbeifa Wdtlact@mplished recognizing that their peak
electronic transitions were all 7re'd—shiﬁed relative to the pure model compound
analogs to a degree dependent on the amount of alkyl and naphtheoic
substitution on the ring system. These bathochromic shiﬁs are well known to
be caused by alkyl-group delocalization of the -electrons i in the aromatic ting.
Since few unsubstituted aromatic compounds boil in the lubricant range,
some degree of red-shift was expected and observed for all of the principle
aromatic groups identified.

Quantitation of the eluting aromatic compounds was made by integrating
chromatograms made from waveiengths optimized for each general class of
-compounds over the appropriate retention fime wmdow for that aromatic.
Retention time window limits for each aromatic class were determined by
manually evaluating the individual absorbance spectra of eluting compounds
at different times and assigning them to the. appropriate aromatic class based .
on thoir qualitative similarity to model compéund absorption spectra. With few
exceplions, only five classes of aromatic compounds were observed in highly
saturated AP Group ii and I} lubricant base o:ls

HPLC-UV Calibration: -

HPLC-UV i used for identifying these classes of aromatic compounds even
at.very low levels. Multi-ring aromatics typically absorb 10 to 200 times more
strongiy than smgle—nng aromatics. AIkyi«substltution also affected absorpiion
by about 20%. Therefore itis :mportant to use HPLC to separate and identify
the vanous species of aromatics and knov_v how efficiently they absorb.

Five classes of aromatic comp,ounds were iderntified. With the exception of a
small overlap between the most highly retained alkyl-1-ring aromatic
naphthenes and the least highly retained alkyl naphthalenes, all of the
aromatic compound classes were baseline resolved. Integration limits for the
co-eluting 1-ring and 2-ring aromatics at 272nm were made by the

- 20 -



83.53 FT-14 17.52 15.54 PVA PPD 0.20 0.20 Viscosity
I ndex I nprover 0.00 0.00 Total 100.00 100.00 The
properties of these two different hydraulic fluid
bl ends are shown in Table IV. 5Table IV Properties.

VEYBRTARBH Vi scosity at 40C. ¢St 43.7 43.7 Vi EEFISERP6/048677
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| ndex 163

perpendicular drop method. Wavelength dependent response factors for each
general aromatic class were first detérmined by constructing Beer's Law plots
from pure model compound midures based on the nearest spectral peak
absorbanoes to the substituted aromatic analogs :

For exatnple, alkyl-cyclohexylbenzene molecules in base oils exhibit a distinct
peak absorbance at 272nm-that corresponds to the same (forbidden)
transition that unsubstituted tetraliri model compourids do at 268nm. The
concentration of alkyl-1-ring aromatic naphthenes in base oil saniples was
calculated by assuming that its molar dbsorptivity fesponse factor at 272nm
was approximet'ely equai to tetralin’s molar absorptivity at 268nm, calculated
from Beer's law plots. Weight percent concentrations of aromatics were
calculated by assu_m'Ing that the average molecular-weight for each aromatic
class was approximately equal to the average molecular weight for the whole

base oil sample.

This calibration method was further lmproved by lsolatlng the 1—ring aromatics
dlreoﬂy from the Iubnoant base oils via ‘exhaustive HPLC chromatography
Cahbratmg d :rect!y w:th these aromatics eliminated the assumptions and
uncertamtles associated w:th the model compounds As expected the"”
usolated aromatlc saniple had & lower response factor than thé model
compound because it was more highly subst;tuted

More spec;ﬁcaliy to aocurately calibrate the HPLC uv method the .
substltuted beénzene aromatics were separated from the bu!k of the iubrlcant
base oxl _using a Waters semi-preparative HPLC unit. 10 grams of sample
was diluted 1:1 in n- hexane and injected onto an ammo—bonded smca column,
a Scm X 22.4mm ID guard followed by two 25cm x 22.4mm ID columns of 8-
12 micron amino- bonded silica particles, manufaotured by Rainin Instruments,
Emeryvxile Calzfornla thh n-hexane as the mobile phase ata ﬂow rate of
IBmIs/rmn Cofumn eluent was fractlonated based on the detector response
from & duai ane!ength UV detector’ set at 265nm and 295nm Saturate
fractidns were ‘collected untli the 265nm absorbance showed a change of
0.01 absorbanoe units; which 51gnaled the onset of s:ng[e ring arornatic

elution. A smgle ring aromatic fraction was collectéd until the absorbance ratio

-29-



163 RPVOT@50C, M nutes to 25 PSI Drop. 608 610 -
TORT B Rust Pass Cu Strip Corrosi on@00C for 3 Hours
Ib Air Release (D 3427) at 50C 12 Bot h HYDA and
HYDB are exanPl es of the lubricating oil of this

woveTorssst wi th very high oxidation stability ramrdisbeogh4ss77

VI. The high VI was achieved 10 without any viscosity
i ndex i nprover because of the unique quality of the
base oils used. It is surprising that the oxidation
stabilities by the RPVOT test were as high ai they
were considering that the base oils that were used

hadefvidett 26@’1:19‘ ehlldglg’ﬁin@fibare%gﬁﬂ e, imsatirg HataseBNtwo ring

of less. th 3. Three.conparative

b1 BTSSR PRN AU lin SoRESReY it Ol Sirdle Bra eresnpti

, 11frba§nﬁ1 %b%adﬁ by ﬁé~cmd|ﬁat@bré/mﬁrﬁ%me &Bﬁoé‘r@%éﬂ&fbc‘ﬁf)n away
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cos X i over seal ent and
f Ry Q?H% SElTRisSC agon wich r%%%@dﬁwmwﬁawfeq the HPLC
fI Ud)]ﬁrr&ddltlve package as the bl ends described in
Exanple 2. The formul ati ons of these conparison
bI @miqmiﬁedmrmmmb zstantiard? ehb®el thdicdkyd sMbs &P Ee&kased the

o?orrgjosorpt% response factor by about 20% relative to unsubstitited s
tetralln

Confirmation of Aromatics by NMR: -

The weight percent of all molecules with at least one aromatic function in the
purified mono-aromatic standard was confirmed via long-duration carbon 13
NMR analysis. NMR was easier to calibrate than HPLC UV because it simply
measured aromatic carbon so the response did not depend on the class of
aromatics beihg analyzed. The NMR results were translated from % aromatic
carbon fo % aromatic mo!ecule;s {to be consistent with HPLC-UV and D 2007)
by knowing that 95-99‘% of the aromatics in highly saturated .IUbrican_t base
olls were single-ring arornatics.

| High pdwér, fong duration, and good "baseliné analysis were needed to

accurately measure aromatics down to 0.2% aromatic molecules.

More speéif"caiiy, to accurately measure low levels of ail molecules with at
least one aromatic functlon by NMR, the standard D 5292—99 method was
modified to give a minimum carbon sensifivity of 500;1 (by ASTM standard
practlce E 386). A1 5-hour duratlon run on a 400-500 MHz NMR with a 10-12
mm Nalorac probe was used Acorn PC mtegrat:on soﬁware was used to
define the shape of the basehne and cons:stently rntegrate The carier
frequency was changed once during the run to avoid artifacts from imaging
th_é aliphatic peak into the aromatic region. By taking spectra on either sid-e of
the carrier spectra, the resolution was improved significantly. '

‘Molecular Composition by FIMS:

oo
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Conp. HYDD Conp. HYDE Hydraulic Fluid AWAdditive
Package 0.73 0.73 0.73 GouprBase G| 99.17 0.00 0.00

Goup Il base GI . .0.00 99.07 93.16 PMA PPD.. -
0.10 0.20 0.20 \/sb05|ty I ndex Irnprover- 0.00 0.00
V) ATAISEIL Swel | Agent _ PCT/US2006/048677

The lubricant base oils of this invention were characterized by Field lonization
Mass Spectroscopy (FIMS) into alkanes and molecules with dn‘ferent
numbers of unsaturat:ons The dlstnbutron of the molecules in the oil
fractions was determined by FIMS. The samples were mtroduced vra solid
probe preferably by plaomg a sma!l amount (about 0.1 mg ) of the base oil to
be tested in a glass caplllary tube. The caplllary tube was p!aced at the tip of
a sohds probe for a mass spectrometer, and _the probe was heated frorn
about 40 fo 56"(_: up fo 500 or 600°C at a rate between 50°C and 100°C per
minute in a mass spectrometer operatingf 'at_webout 10 torr. The mass |
spectrometer was scanned from miz 40 to miz 1000 at a rate of 5 seconds
per decade. © a

The mass spectrometers used was a Micromass Time-of-Flight. Response
factors for all compound types were assumed to be 1.0, such tha{t weight
percent was determxned from aréa pércent. The acqu:red mass spectra were

summed to generate one averaged” spectrum

' The lubncant base oils of this invention were charactenzed by FIMS into B
alkanes and molecules with d;ﬁerent numbers of unsaturations.- The

" molecules with drfferent numbers of unsaturatrons may be. compnsed of -
cycloparafﬁns oteﬁns and aromatics. If aromatics were preeent in s:gmﬁcant '
amounts inthe lubricant base oil they would be identified in the FIMS analysus
as 4-unsaturations. When oleﬁns were preserd in ssgmﬁcant amounts inthe
!ubncant base oil they would be 1dentlf1ed in the FIMS anaiyse as 1- 4
unsaturatlons The total of the 1~unsaturations 2- unsaturatsons 3-
unsaturations, 4-unsaturations, 5-unsaturations, and 6 unsaturations from the
FIMS analysns minus the wit% olefins by proton NMR ‘and minus the wt%
aromatlcs by HPLC UV'is the total welght percent of rnolecules wrth
cyc:loparaﬁ“ nic functlonahty in the Iubrlcant base oils of” thls mventlon Note
that if the aromatics content was not measured it was assumed to be less
than 0.F wit% and not included in the: calculation for total weight percent of
molecules with-cycloparaffinic functionality.

Molecules w;th cycioparaff' inic functtonallty mean any rnolecule that i is, or
contains as ane ar more substttuents a monocychc or a fused multlcychc
-23.-
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0.00. .0.00 0.80 Total 100.00 100.00 100: 00 The

properties of these three different conparative
hydraulic fluid blends are shown in Table VI. Table

\

Properties Conp. HYDC Conp. HYDD .. Conp. HYDE

wiosnoBiTsspi at 40C. cSt. 43.7 43.4 43.7 Vit obSisorhfs20igloass77
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99 100 .158 RPVOT. @50C, M nutes to 25 PSI

saturated hydrocarbon group. The cycloparaffinic gro,up may béoptiona‘!ly '
substituted with one or more substituents. Representative examples include,
but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, decahydronaphthalene, octahydropentalene, (pentadecan_éu

_yl}cyclohexane 3,7, 10-iricyclohexyipentadecane, decahydro~1~(pentadecan-

G—yi)naphthalene and the like.

Mdleculés with monocycloparaffi hié: functionality mean any molecule that is a
monocyclic saturated hydrocarbon group of three to seven.ring carbons or
any molecule that is substituted with a single monocychc -saturated -
hydrocarbon group of three io seven ring carbons. The cycloparaffinic group
may be optionally substituted with one or more substituents. Representative
exa‘rhbies include, but are not limited to, cyclopropyt, cyclobutyl, cyclopénty,
cyclohexyl, cycioheptyl, (pentadecan-6-yl} cyblohexane; and the like.

Molecules with muﬁit:yclopai‘afﬁnic function_aliﬁ( mean any molecule that is a
fused ninulticych‘c saturated hydrocarbon ring group of two or more fused-rings,
any mo!ehufe- that is su'bstituied with one or more fused multicyclic saturated
hydrocarbon nng groups of two or more fused rings, or any molecule that is
substituted W{th more than one monocychc saturated hydrocarbon group of
three to seven ring carbons The fused multlcychc saturated hydrocarbon ring
group preferabfy is of two fused rings. The cycloparafﬁmc group may be
optlonally substituted wnth one of more substituents. Representahve
examples include, but are not limited to, decahydronaphﬂxalene -
octahydropentaiene 3.7, 10—trtcyclohexyipentadecane decahydro-1-
{pentadecan-6-yl) naphthalene, and the like.

Method to improve Lubricating oil Oxidation Stability:

‘We discovered a method for improving the oxidationf'stabiiity of a lubricating

oil by replacing a portion of the briginal base oil in a lubricating oil formulation
with the desired base oil of this invention. The desired base oil of this
mventlon has greater than 90 wi% saturates less than 10 wi% aromatics, a
vrscosnty mdex greater than 120, less than 0.03 wt%asu!fur a sequennai

_24..



Drop . 317 .' 4E13 346 WO

2007/ 075831PCT/ US2006/ 048677 These conparati ve base

oils made using different base oils did not have the
desired_high VI and excellent oxidation stabilities ,
WP 2#RE@7%bri cating oils of this invention. ' RCEABYH48677
the addition of viscosity index inprover in Conp.

HYDE i nproved the viscosity index, the RPVOl was

still well below 600 minutes. Note that by replacing
the Group Il base oil used in Conparative HYDD with
the preferred Goup Il base oils of thia invention

( seambi¥DB) caveonetemapyieatsr thae Ba@e: (8 mhesbliks vitht he

(Rt R R e B el P tGS giligonodycioparatinic
| mam@’w molepuledwith mlﬁ@clwmmc mﬁﬂzoﬁﬁﬁtﬁ?@ﬁter than
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o17-3Mrd 8RGRY Hose S tbat TUIE i Pishes sl ded Ao the
of groupad Grsufh80Gpmipy b) ethey Ga&ﬁﬂlll/\@bmmhaMETne p&lymternal olefin,

QAHm}ﬂf gt Fsh %"%p%"FT V?%’ oL 553 nl“ﬁm o %r%s%fh%won 4R,
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h)t}gypgl nlg’ > 3\8%?’ ng?d%‘?telﬁf tr{'gééz '%18 \é\ﬁ@n?%ag 6, and 8.

Vi scosity target The base oils had the properties as

10 F;Wff}‘gg E{;&J,%blne f Qﬁ gggtgﬁ @QI emY{S;Qr@p f! w.th t?:g# L eé base oil of

15

20

this invention the RPVOT test result is increased by at least 25 minutes,
preferébly by at feast 50 minutes, more preferably by at least 100 minutes,
and most preferably by at least 150 minutes. Additieneiiy, the viscosity index
may be incieased. Preferably the viscosity index will be increased by at least
10, but it may be increas_,ed by at least 25, or even at least 50. In preferred
embodifments the lubricating oit will also improve in air release, and may have
an air'release by ASTM D 4327-03 of léss than 0.8 minutes at 50 degrees C.

A portion of the original base ofl in the context of this invention is between 1 .

and 100 wi%, preferably between 20 and . 100%, and ‘most preferably greater
than 50.-wi%.

-25-
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13. 14 Viscosity Index 162 152 Pour Point, C -13 -4
SIMDI ST (wt%9, F 5 778 953 .10 / 30.. 862/902

-974/ 1007 - .50 934- 1036- 70 / 90 972/ 1026
. 1061/ 1106 95 . 1056 _
WO 2007/075831 _ . PCT/US2006/048677
EXAMPLES
Example 1:

A hydrotreated cobalt based Fischer-Tropsch wax had the following
5 propertties:

Table 1
Properties
Nitrogen, ppm. 1<0.2
Sulfur, 'bpm <G
n-paraffin by GC, wt% | 76.01

. Two base oils, FT-7.3 and FT-14, were made from the hydroireated cobalt
10  based Fischer-Tropsch wax by hydroisomerization dewaxing, hydrofi niShing,'
fracttonatmg, and blending to a viscosity target. The base oils had the
propertles as shown i Tabie 1.

_ , : N Table Il . _
Sample Properties FT-7.3 ~ ~ FT-14
Viscosity at 100°C, cSt 7336 399
Viscosity Index 165 57
Pour Point, °C - 20 ' N -8
SIMDIST (wi%), °F B
| 5 742 963
i 10730 777/858 - 972/1006
80 906 - - 1045
70790 950/995 1090/1168
95" C 1011 1203
Total Wit % Aromatics 0.02819 0.04141
Wit% Olefins 4.45 3.17
FIMS, Wi%
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1140 Total W % Aronmatics 0.01683 0.04927 WO

2007/ 075831PCT/ US2006/ 048677 W% A efins 0.0 0.0

FIMS, W% . Al kanes 58.3 42.7 1-Unsaturations 34.4
2- to 6- Unsaturations .7.3 .17.9 .Total |oom

x%gg?'@gw'@nssn PCT/US2006/048677
Sample Properties FT-7.3 FT-14
Alkanes . 72:8 - 58.0
1-Unsaturations - 27.2 ' . 402
2- to 8-Unsaturations 0.0 0.8
o Total 100.0 ' 100.0
Total Molecules with . 227 . 37.8
Cycloparaffinic Functionality ' f ’
Ratio of Monocycloparaffins | - >100 e 46.3
~ to Multicycloparaffins | . T .
Oxidator BN, hours T 2408 18.89

FT-14 is an example of the base oil useful in the lubricating oils of this
mventlon It -has greater than 35 wi% total molecules with cycloparafﬁmc
_functionality and a high wscosnty index, = -

Example 2:

-' Two blends of iSO 46 hydraulic ﬂu:d usmg the FT-? 3 and the FT-14 were

‘ biended with a commerc::al liquid zinc antlwear (AW) hydrauhc fluid additive
10 package The hydraullc fluid addltlve package comprised hqu;d antioxidant

addltwe concentrate in combination w:th other additives No wscosﬁy index

improver was added to either of the two blends The formulatlons of these

two hydraulic fluid blends are summanzed in Table I 1.
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Tot al
Functionality
Mul ticycl opar affins -

Mbl ecules with 41.7. 57.

3 .. Cydoparaffinic

Rati o of Monocycl oparaffins to
. 2.2 xidator-

BN, hours 45.42

33.52 Both FT-7.6 and FT-13.1 are exanples of the

woeberrag: base oils used in this invention.
t hem have greater than 35 wt% Vit al

%1?059696/048677

mol ectites wt

cycloparaffinic functionality and viscosity i ndexes
greater than 150. Both of 5 them were derived froma
waxy feed having greater than 60 wt % n-paraffin and

Addi tional |y, both of these e
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ess than 25. ppmtotal
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conbi ned nitrogen and sul ftw.
ils had very | ow
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t or

as a
i dat or
wer e
[
130

sul t

t he

or.

TR0 |

inds of

bl end

of_20 180 68 (HYDH). hydraulic fluid using the FT-7.6

ant g Repettiepof thoge o disiesrnt voraulicluid hlepds @mthWalzn Table
ligui d zinc AWhydrauI ic fluid-additive

Table IV
Propeérties ‘ ) HYDA. HYDB
Viscosity at 40°C. cSt 4.3-% 143.7
Viscosity Index | 163 163
RPVOT@150°C, Mil}utgs to 25 PSI 608 610 -
Drop
TORT B Rust . . Pass
Cu Strip Corros_ion@"l D0°C for 3 Hobrs_ | 1b
Air Releasg: (D 3427) at 50°C . 1.8

Both HYDA &nd HYDB are examples of the lubricating oil of this invention
with very high oxidation étability and high V. The high V1 was achieved

- without any viscosity index improver because of the unique quality of the base
oils used. It is surprising that the oxidation stabilities by the RPVOT test were
as higl'! as they were cohsidering that the base oils that were used had
relatively high olefin contents, and Oxidator BNs of less than 25 hours.
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WO 2007/ 075831PCT/ US2006/ 048677 package. used in

Exanples 2 and 3. No viscosity index inprover was

added to either of the three blends. The formul ati ons

of these three hydraulic fluid blends are summari zed

VA 20HWr®3| | . S5Table VII Conponent, W % HYDF PCTRISZIBG6/048677
HYDH Hydrautic Fluid AW Additive. Package 0.73 0.73

0.73 FT-7.6 88.94 90.00 36.05 FT-13.1 10.13 8.87

63. 02 PVA PPD 0.20 0. 40

Example 3:

Three comparatzve blends were made us:ng conventlonal Group t or Group H

base cn!s either with or WIthout the acidltion of viscosity index improver or seal

swell agent and using the same commerma! Isqwd zinc AW hydrauhc fluid

add:twe package as the blends descnbed sn Example 2. The form ulations of
" these companson blends are summarlzed in Table V.

'Table \Y

Component, Wi% Comp. Comp. - | Comp. -
- ~ |HYDC |HYDD |HYDE

Hydraulic Fiuid AW Additive 0.73 0.73 0.73

Package _

“Group 'Base Oil ' 99.17 | 0.00 0.00

Group Il Base Ofl . 0.60 _ [99.07  |93.16

PMAPPD. - T{0:40 020 |00

Viscosity Index Improver - 10.00 0.00 - 5.11

Seal Swell Agent 0.00. - | GO0  |0.80 . -

Total 700,00 | 100.00 | 100:00

The properties of these three different cbmparatii:e' hydraulic fluid blends are
shown in Table VI. |

Table Vi
Properties’ ’ Corrip, Comp. Comp.
_ HYDC HYDD  |HYDE
_V'scosnty at40°C. o8t . 437 434 437
VisGosity Tndex _ 09 100 158
RPVOT@150°C, Minues fo 25 P8I | 317|485 [346
Drop_ | '
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0.20 Viscosity Index Inprover 0.00 0.00 0.00 Total

100. 00 100.00 100.00 The properties of these three
different hydraulic fluid blends are shown in Table

VII1l. 10Table VIl Properties HYDE HYDG HYDH

wosewarssg1 at 40C. ¢St 43.7 43.7 65.1 Vi scosi tpetnmuies/easerr
162 163 158

These comparaiive base oils made using different base oils did not have the

desired high VI and excellent oxidation stabilities of the lubricating oils of this

invention. Although the addition of viscosity index improver in Comp. HYDE
‘ improved the viscosity index, the RPVOT was still well below 600 minutes.

Note that by replécing the Group Il base oil used in Comprarati've'HYDD with
the preferred Group i} base oils of this invention (sée HYDB) we were able to
increase the result in the RPVOT test by miore than 100 minutes.

Additionally, the viscosity index of the hydrautlic fluid was increased by mbre
than 50, without the addition of any viscosity index improver.

Ekampie'4: ,

Two base oils, FT-7.6 and FT-13.1, were made from a 50/50 mix of Luxco

160 petroleum-based wax .and Moore & Munger C80 Fe-based FT wax . The

50/50 mix of waxes had about 65.5 wi% n—pafafﬁn, about 2 ppm nitrogen, and

less than 4 ppm 5ulfur. The processes used to make the base oils were ) '

hydr’giso’r%‘terizatibﬂ,dewaxing, hydrofinishing, fractionating, and blending to a
" viscosity target. Th‘e-‘. base oils had the properties as shown in Table Vif.

] Table VII
Sample Properties FT-76 . FT-13.1
© Viscosity at 100°C, ¢St | - ..7.597 1314 -
" Viscosity Index 162 152
Pour Point, °C 13 4
SIMDIST (wt%), °F
5 778 953’
10/30 - 862/902 | " 97411007 -
.50 934 - - 1038
70790 _ 97211026 © 1061/1106
95 -~ .1058 © 1140
Total Wt % Aromatics 0.01683 | - o0.04027
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RPVOT(c) 150C, M nutes to 25 PSI. Drop ' 690 . 746 697
. Air Release (0 3427) at 50C 1.06 0.67 1.75
Exanpl € 6: 15 A blend of Chevron Carity(r) Synthetic

“%draullc Fluid AWI SO 46 using FT-7.6 and FT-13.1

30FPBBHred (HYDJ). An ashl esskantiwear addPCT{IE2006/048677
package was used in this blend. The ashl ess anti wear
addi ti ve package conprised about 46% i quid
anti oxi dant additive concentrate. The liquid WO
2007/ 075831PCT/ US2006/ 048677 anti oxi dant additive
concentrate conprised a m xture of di phenyl am ne and

G eOIEfRE  Wel gty i TdeTgg phenot 0.0 -

ioxidants  No viscosilty indeX inprover . was added:
tio the bFE8. W% onpar atfi ve bl end -of Chdvron
arity(r) Synthetsj draul i csglaui d AWil SO 3 i ng
evron 4R and C}rg\gérécﬂrréé R5 Grogp Il bdse oi Izelszuznd
.6 W % vi sdddnsgturatigas |i npr ovét-dnas al do pr epi-éd
(Con'p YRS U%ﬁf-&g{bnéR and Chgyron 7R |G oup 47[%,
ase oils typi.cally havdgreater than abdut 75 w %
tiot al . mol ecul es wi t Fogidl opar a¥¥.8i ¢ furcti bnéDP@y:
Nk use Illlll [ OdeII(..IIUI Uf
tihe cﬁ?‘%gﬁl{)%\%&lﬁ%n tthey- bo?h?lyﬁave rdtios of - -
nofc¥elgpamafijiie ﬁun@mfta}l@ dparaffinic 10- [functionality

oR%b%@M&%c%leafé‘ﬁlﬁé”y“ opargy it fiomct UE? ty

~—+

af abou ess e fornui'ati ons df thes€ two
rydrdQIMldf'GMClﬂRﬂf%ﬁﬁaﬁds dre sumarized i Table IX.-
Qrari mc]” §Ndhb|§{%| bl eredtT %j;'ﬂl?' k—of—Chevr 985S
Rr oduct S rnpany ) :

Both FT-7.6 and FT-13.1 are examples of the preferred base oils used in this
invention. Both of them have greater than 35 wi% tctal molectiles with

. cycl'oparaff nic functiona!ity and viscosity- inder(es greater than 150. Both of
them were derived from a waxy feed having greater than 60 wi% n-paraffin
and less than 25 ppm total combined mtrogen and sulfur. Additionaily, both
of these base olls had very low aromatics énd olefins, which also contributed

- o higher oxrdat:on stabr!rty They both had Oxidator BNs between 25 and:60
hours FT-7. 6 g an especaaliy preferred Group II! basecilas it has a viscosity

.index greater than 150 and an Oxrdator BN greater than 45 hours If one of

-"these oils were used to repiace a Group |, Group 11, or Group It base oil -

. havmg a viscosity index less than 130 in a lubricating oil formulation the

. RF’VOT result could increase by greater than 150 minutes and the viscosity
‘index could increase by more than 50, without the addmon of any other
additives or viscosity index improver.

Example 5¢

Two blends of ISO 46 hydraulic fluid (HYDF- and HYDG) and one blend of
IS0 68 (HYDH) hydraulic fluid using the FT-7.6 and the FT-13.1 were
blended with the same commercial liquid zinc AW hydraulic fluid. additive
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Tabl e-1 X Conponent, W% HYDJ Conp. HYDK

Ml ess. Hydraulic Fluid AWAdditive Packade .0.55 0.49
F1-7.6- 82.61- FT-13.1 16.74 0.00 Chevron 4R/ 7R

Goup Il Base G 0.00. 94.72 PIVIAPPD 0.20 0.19
WOSeBHVRFL | ndex | nprover 0.00 4.60 Total : - PLOOIS2Q6/048677

package used in Exaniples 2 and 3. No viscosity index improver was added
to either of the three biends. The formulations of these three hydraulic fiuid

blends are summarized in Table VII,

Table VI

Component, Wt% " THYDE - |HYDG _ [HYDH
Hydraulic Fluid AW Additive 0.73 0.73 0.73
Package . ‘ 1.
FT-7.6 - 88.94 | 90.00 36.05
FT-13.1 70.13 8.87 63.02
PMAPPD | 0.20 040 0.20
Viscosity Index tmprover 0.00 0.00 0.00
Total | 700.00 | 100.00 | 100.00

The properties of these three different hydraulic fluid blends are shown in
Table VIIL. '

Tabie VIH .
Properties - : HYDF | HYDG | HYDH
Viscosity at 40°C. oSt 437 [437 |65.1
Viscosity Index o 1162 183 158
RPVOT@150°C, Minutesto 25 PSI = | 680 | 746 697
 Drop™ o ' '
Air Release (D 3427) at 50°C 1.06 6.67 1.75
‘ Exa_fnple &: .-

A blend of ChevmnCiarity@ Synthetié Hydraulic Fluid AW 1SO 46 using FT-
7.6 and FT-13.1 was prepared (HYDJ). An ashieésiantiwear additive
package was used in this blend. The ashiess antiwear additive package
comprised about 46% liquid antioxidant additive coricentrate. The liquid
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100. 00 The prQOperties of these two different
hydraulic fluid blends are shown in Table 20 X Table

X WD 2007/ 075831PCT/ US2006/ 048677 Properties HYDJ :
Conp. HYDK Viscosity at 40C. cSt 45.4 36.4. Viscosity
WRAe016! 180 RPVOT(c) 150C, M nutes to 25 PSIPOESR006/048677
931 675: Although the conparative HYDK hydraulic

fluid had a very good RPVOT result, it was | ower than
the result- obtained with the hydraulic fluid of our-
.dnvention, and notably |ower than the RPVOT of HYDJ.

Note that the 5 Conparative HYDK conprised base oils

( Cﬁ@mmemmmv@rmpemmﬂe ¢dm;brlsﬂdda rrmxturwﬁdwhéﬁgaﬁhﬁdé and

pr e er r e 8]%% Wﬂg&?%ﬂ}ﬂj@z%%lpgga rﬁ ﬁﬁ%ﬁ@@%}ﬂﬁ?%ﬁﬂﬁ'ﬁ?@‘

f uimRrcveiavas pdded tmtechiead. Wi ¢ckmnauatsve: YRIrRInGH @hdvrBh Clarity®
|SSIE b NS S il IR B BRE Pt 7
S coApruRsBbaseshilgrarid 4.8nvt% Visesitnindek irpSaes e alétd pxepared
1757@‘:6?“ rH{’BK?C@IHS\X“Sn AR'ARS %?\Iev on ‘}IQ qssrougriﬁ taeeura 0|Is typlcally
have greater than about 75 wi% fotal. molecules with cycloparaffinic )
functionality. Unlike the base oils used in the hydraufic fluids of the current
| invention, they -bqth have ratios of molecules with monocycloparaffinic -
10. functionality o molecules with multicycloparaffinic functionality of about 2.1 or
less. Thg formulations of these two hydraulic fiuid blends are summarized in
Table IX. '

Clarity® is a registered trademark of Chevron Products Cfbrhpahy.

15 :
Table'IX

Cémponéht; Wi%. HYDJ . Comp.

: | ‘ . |nypk
Ashiess-Hydraulic Fluid AW Additve [0.55 -~ |049
Package _
7.6 . T 8261 0.00 -
FT-i31 T [1874 -J0.00
Chevron 4R/7R Group Il Base Ofl | 0.00° 94.72
PMA PPD _ 0.20 0.19
Viscosity Index improver 0.00 14.60
Total - - - T 100.00" -|100.00

The properties of these two different hydradliic fluid blends are shown in Table
20 X
Table X
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Exanple 7: 15 A blend of Chevron Clarity(r) Synthetic
Paper Machine Q1 SO 220 is nmade by repl acing

g

reater than fifty percent of the polyal phaol efin

base oil with a FT derived base oil having the
WoepErises as shown in Table Xl . Table Xl Preoeriste&o4s677
:FT-Derived Base Ol A Viscositylndex >160 Traction
Coefficient* <0.021 vvek Saturates .. >99.- W%
Aromatics <0.05 W% O efins .0.0 Total Ml ecules with
Cycl oparaffinic Between 35 and. 70 wt% WO

2007/ 075831PCT/ 1JS2006/ 048677 Functionality Sul fur,

tFogef—ppi—2t+r-cti-on-GCopltieci-ent—s—easyr ed
PRI mat i ¢ viscosity of 15 citiYhWd at] GO8Pi del to
riol-1 rati o of 40 percent The | ohd appl i dd{yBK20N
C Tl UJ AT SN ) r 7' I n r‘Iv. Qma Cf C 83 @a_ 5
E\Y'ﬁc?ﬁ‘%f a\i‘cﬁq&‘&r ﬁﬁf paper machi ne| 87 and [136 npr pved
PangeosmaRase o | 162 - | 180
RPVOT@150°C, Minutes to 25 PSI 931 678 .
Drop-

" Afthough the comparative HYDK hydraulic; fluid had a very good RPVOT

result, it was lower than the result-obtained with the hydraulic fluid of our

- invention, and notably lower than the RPVOT of HYDJ. Note that the

Comparative HYDK comprised base oils {Chevron 4R/7R Group If) that did

" not ha've_.' viscosity indexes greater than 150, nor did they have a preferred

- ratio of molecules with monocycloparatfinic functionality to molecules with

- multicycloparaffinic functionality greater than 2.1 of the preferred base oils

used in our invention. Comparative HYDK also comprised a significant
amount of viscosity index improver to achieve a viscosity index greater than
155.

Example 7:
A blend of Chevron Clarity® Synthetic Paper Machine Oil ISO 220 is made by

replacing greater than fifty percent of the polyalphaciefin base oil with a FT
derived base oil having the properties as shown in Table' XI. -

_ Table XI

Properties - : +7 Derived Base Ot A
Viscosity index : e S160
 Traction Coefficient” - <0.021

Wi% Saturates 598

Wi% Aromatics . - <0.05

Wt% Olefins . 0.0

Total Molecules with Cycloparaffinic Between 35 and. 70 wi%
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contain the same ashl ess antiwear additive package. A

cornponent of the ashless antiwear additive package

is an antioxidant additive concentrate. By replacing
nificant portion of the base oil in the paper

"ﬁﬁé‘?ﬁgﬁ@sﬁl with the FT Derived Base Q| A t RET/US2006/048677

resul ting inproved paper machine oil has a result 10

in the rotary pressure vessetoxidation test by ASTM D

2272-02 greater than 680 mi nutes, which is at |east

200 m nutes greater than the result in t he origina

paper machi ne oi l (475 ninutes) Al of the -

POEL ARG paterts—and—patept—apptTecations tited
nthis ah{gl ication 15 are herein incorporated by

e$eiﬂe‘npem| n the| r ent| rety to t he same exter as i

f
+ +
+

VN ostre—tf—each—ndvi-tua—pubt catton patceni
w(%éh%.ﬁ or patent was_spec|fically. and !

[
r
I

a
[ n"ctrachdtm gbéfjiciend icaeaduted den klnemiapo visceditbyf 15 cSt and ata

ISl oA bR g Ry R S PORe HhB8SeBlino o =

abideﬂzmmbkessemipﬂ) 83%cGHa.to those skilled in the art.
Accordingly, :the invention is tobeccOnstrued as
including all structure.and Methods that fall within

t hidothdbp erigihat hapeppentiag il aidthe imakBANDERaErAhaBhine oil

S Yab A AN AR TAGe7 ) SH5BREH of re

o I uishlesstantigreair ladddveypdckiage is an bataxidaht etthimvagconcentrate By

' I h
0 Bkl 8ol 8B ek BT ¥, o i o
1207 Deoivéd Babe $3il Althe l‘&tﬂtﬁ’lg’\in%rogeéaapgr triaghingiMit$ a result
it it Kasdhesob b Sin i ESDIASTNID 7772 83 augater than
W 680 mmu@qumplaueaéﬁ Ieasb?ﬁmmmutw_gtéqtgr thanrthé eesuligs the
g%ﬁbiﬁbtaggymagnﬂ{l [ S?IEB ionality greater than

_ sequen “carbon atons; wherein
the lubricating oil has: a. alubrlcatlng 0|I
\é L@gﬁbé@bﬁ%ﬁ#ﬁﬁ% élﬁtg p@ﬁ%t §gphc§hon§ Jtt%ﬁ% §hi€ fapphcatlon

veXSdlergininparporate@ by refpraseNn wwazaztn@y tot thmme extent as if
d %Hé @iﬁs%lo@ur@ﬂﬂeﬁch ﬁﬂdﬂrl pficatiorC %ﬁf% ﬁ:nés%nf érgfatent was

erein t catin

| _ | §p§cﬁyalha@md mdi\mjlii@l!ydnd@atﬂdrt@mewncngmaﬂed b3y reﬁrence in its

20

Q?mhggtlng oil of claim1, wherein the lubricating
cosity index is between 160 and 250. 3. The ,
| ubricating oil of claiml1l, wherein the result in the

I Qliahy mﬁﬂﬁﬁéﬂéﬁs ):S?ﬁr%eéxé??fbigﬂl érﬂﬂoﬁlﬁ%r}té %r ﬂ'feeﬁggﬁh&mﬁgclosed

700 mnutes. 4. The lubricating oil
wedoge wil fﬁadrllmgactir tonthope skijed iy ther s Aogordinglsithe invention &

0% e eané.tﬁﬁc.td b§ :rgfl&ﬁﬁg? bl shaBR0 And et 88s tat fa_lh@rthm the -

hydraulic fluid of. claim1, wherein the viscosit

R grsgaeepéﬂxee@wwwamq he group consisting of ISO

32, 1SO 46, and I SO 68. 6. The circulating oil of
claim 1, wherein the viscosity grade is selected from
the group consisting of SO 100, |SO 150, |SO 220,
1'SO 320, and 1SO 460. 7. The circulating oil of claim
6, wherein the circulating oil is a paper machine oi
or turbine oil. 8 The lubricating oil of claim1,
additionally having an air rel ease by ASTM D 3427-03
of less than 0.8 mnutes at 50 degrees C
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9. The lubricating oil of claim1l1, additionally
having a Pass result in the Procedure B rust test 2/
wo A6TMsB31685- 03. 10. The lubricating oi |l of clRGHHYS2006/048677
wherein the base oil is Fischer-Tropsch derived.
AMENDED SHEET (ARTICLE 19) 36 11. The | ubricating
oil of claiml, V\herglMEN[t@ ulbmwsating oil has a

F%L;v:ggfqli}nt&: 3p1ie9 fard ié&?%%g &g;ﬂ%@mﬂﬁ 2Péﬁg 0“11 2007)

ase oi

M%saturates it less than 10 vvt%
viscosity index greater than 120,

iv. less than 0.03 wt%sul fur, v. a sequential numnber

rbon

o BEOMIR) A ool bR oPholil Solhisnt s

rruldtsammw fesahan DeviVoaromatics ai ha;e il Fmoeszm index greater

o e eaP B oA D R 8 L BULER bl an 7

addj M%;t@tgpmamntasaﬁm cy&hﬂamfﬁrhe&mcﬂtidmht_ yo_ale'satn?nbhnlecuies

percen ase ing.ai,l of a

vi s¥ifgmanog %‘f&f@%‘?ﬂ*’"a{ﬁy fé?.%{q ubri cating

oi | élohé’r‘ﬁfﬁrﬁ@ﬁjnaﬁbr@'hty gf‘éﬁépm'ahyﬁ Rfeba SHQRNBE number
t han result of "greater sjgan 600 m nutes in

theofmrbalyamémheéem&%@ HeRtnd it "8% t est by ASTM D
227% Hs't' vajqﬁgoﬁi%fﬁ% 1ﬁdeﬂ§emgaﬁ1byaha%b+ ng oil of

ern the'base oil is derived froma waxy

f eeb msnlgo@greatmmarr@ao BnuiRsin hepentary Frespush vessek s
t han 25,

| ubri c%l %ﬂg}' %%%%@P%@?%wel n E'%{ %'zlaérgeTglel has

gr ea} af kihdragtichseasiy Eb4BIC fromdSB &St tw'fﬁﬂ cSt;
cyel ggn%g@gérewtg IR ELARNA! i hyafatiic A8 o UUirGBERS Gl
F2 s qhg lubFicatrar il gcibiret]. whereln the lubrlcaﬂng oﬂ viscosity index is
betwaen 160 and 250.
- 3. The lubricating oil of clalm 1, wherein the result in the rotary pressure
vessel oxidation test | is greater than 700 minutes.
4. The |ubricating oil of claim 3, wherein the resuit in the rotary pressure
 vessel oxidation test is greater than 800 minutes.
5, The hydraulic fluid of claim 1, wherein ths viscosity grade is selected from
the group consisting of ISO 32, ISO 46, and 1ISO &8
6. The circulating oif of claim 1, wherein the viscosity grade is selected from
the group consisting of ISO 100, 1SO 150, {SO 220, ISO 320, and 1SO
460, | _
7. The circulating oil of claim 6, wherein the cimuléﬁng Gil is a paper machine
ail or turbine oil.
8. The lubricating oil of claim 1, additionally having an air release by ASTM D
3427-03 of less than 0.8 minutes at 50 degress C.
9. The lubricating oil of clalm 1, additionally having & Pass result in the
Procedure B rust, test by ASTM D 665-03.
10. The lubticating oil of claim 1, wherein the base oil is Fischer-Tropsch

1

derived,
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16. The lubricating oil of claim 12, wherein the base
oil has a traction coefficient |ess than or equal to

wo Bof@ssshen neasured at a kinematic viscosit POy UP6/048677
cSt and at a slide to.roll ratio of 40 percent 17.
The lubricating oil of claim12, wherein the :

A o ek b S 8 Yo
| ubr j ' ' Lm 12, wh in th [t i
u E’ﬁ@%@we{“%" ﬁ&&bm erein e resu in

t he ssiife vessel oxidation test is greater
ttmm Kefcatnguliiesompsifgie | ubricating oil of claim 18,
wherein the .result in the rotary pressure vessel

oxi 8atd iEﬁ'?etc%!‘f_’:,rla\'frgg'greater than 800 minutes. 20. The

| ubri gat jregtepittancd0 wt%isaiutd&teswher ei n the | ubricating
oil has a TOST result of ,areater than 10, 000 hours.
21 . THe ieéﬁﬁhaé‘a{qulé‘ﬂm tlaim 12, which is

sel ectipda fisRBRifyNIedaN gramtes trmi K10, ng of 1SO 22, 1SO 32,
| SO 46, 1SO 68, and 1SO_100. 22. The l|ubricating oil

of cl dv.ness thap.08 W% SWiibct ed from the group
consi s§ i Q%ﬂﬁedﬁ%ﬁ?ﬁﬁ@ammmbsso 68. 23. The
of ¢

| ubricating ol aim12, which is selected.from
' the gnéup ralmefimeleades i SnpsYCIcRasaRtniEUNCHeBAY iR
150 320 detfaffiHie fuscioh fat@fthad 2itM
12, mherg{bgeét'@eg‘ﬁﬁgﬂ'@gﬁln%ﬁ%irl additigﬁgply has an
air rel easeé by ASTIVI D 3427-03 of less than 0.8

m nut es. at__50 2. I i i i | of
cl ai m¥ Qnﬁig‘rtg@ﬂ égﬁ%%g%&alggﬁe a‘r?etS Ma{ggéy??@gfﬁﬁrﬁé .
concent r giretiomaiy;i ses a hi ndered phenol, a

di phenyl am, ne r m.xture t e 26. The
- 1 ubr®: c%'i‘ Pﬂrgﬂ”?ﬂaln?ﬁg&]ﬂﬁ%ﬂ%fﬂ&g{%gﬁ%i n the antioxi dant:
addig i pas ERMIED Weldht porcent pasatcorethe total lubricatiog off of a
antiwear additjve package. 27.A lubricating oil,
conpr i WEERSILY i aﬁé‘i“ﬁ@éﬁril and 99. 8 wei ght percent
base GReidhPinsAititicaliyol has bubrivalingbil vistusitp irdek greater
having : 1. greater than 9%\%% ﬁs&i)ut ates. téess‘:ﬂt han
10 wt . teariGhandasTesult of greates thar TR B, 08 Fotay
pressiire vessel oxidation test by ASTM D 2272-02 at 150 degrees C.
13. The lubricating oil of claim 12, wherein the base ofl is defived from a waxy
feed having greater than 60 wit% n-paraffins and less than 25 pprn
comnbined nitrogen and sulfur. '
14.The lubricating oil of claim 12, 'u\m_erein the base oil has greater than 40
wt% fotal molecules with cycloparaffinic functionality.
15, The lubricating oil of claim 12, wherein the base oil is Fischer-Tropsch
derived,
16. The lubricating oil of claim 12, wherein the base oil has a traction
coefficient less than or equal to 0.021 when measured at 2 kinematic
_ viscosity of 15 ¢St and at a slide to roll ratio of 40 percent.
17. The lubricating oil of claim 12, whereln the lubricating oil has a lubricating
oil viscosity index greater than 160.
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Iv. a sequential nunmber of carbon atons, v. great er
than 35 wt% total nolecules wth cycloparaffln
wo foonetskainal ity, vi. a ratio of nolecul es wit HPCT/US2006/048677
nmonocycl oparaffinic functionality to nolecules with
mul ticycl oparaffi n| c functl onality greater than 2.1,

Hibsbeiabt ool 3 R Y e
o an%a%?(:?c@ﬁﬂén Es%ﬁﬁcbr@atet {hant7g0ahinbigsr i cating oi | of

019.Thei lgmcaggé @2 af tl':!tgigé/ 5% C\@é‘,&%’?ﬁé ? %;9%1& m ﬂ’ﬁl‘o&aﬁ Tb?egwél
PLbS"%é?%Qﬂahé{“ {%9%rb§ﬁf SuarsoovhiBuisn t he

ubrlcatln Qi | srbb\i_
llzde%egummaémgnﬂahclﬁmﬂa\ﬁhﬁﬂem the ks *t‘“Sb‘P‘ &t
t han 6 ry pressure vessel
oxi Jﬁ? gﬁr%%F%hng%Z 02 at 150 degrees C.
2841 Iubikdting il v clairh 18f whichisselactsdBRENR oeHp Eusisting
oi | n r @nd |l ess than 5
%cg?éﬁa@%?ség& ‘1?191%9'?1} H%%t#ﬁg (o] of claim 27,
' Mmrmmmbh@aﬁn@sﬁ aﬁcla;rhaﬂ which is $siected femidhedseumeansising
and Ies§1 n 1 vvt gpnéé 30. The lubricating oil
of c@fa-?’ ‘base oil additionally has a
! Byl f tmgl&uea‘f c}aamhlznwnmy@s@leaedﬁmmﬂe gro;ls; consisting
unc |ona t o _nol ecul es opar af f.i ni c
funcmﬁlﬁﬁa‘lQQ. is@ﬂégtﬁomr‘ g‘%{bﬁfi I%‘ngéélbrl cati ng
éJ_ anﬁ.' 12, mgrenm wmmm'agﬁan laddmnnawysnas
$5 an or qua when neas red

k| nemaalrwleasa:htsASTNbE 31413719§t5féﬁﬁ§ han ¢, s’m st"’g P (ﬂegrees
ratlghof 40 percent 32. The lubricating oil of claim
erein the antioxidant additive concentrate

CaMThS B,Banaaiing;mibmfmlmm@ wiherein thepardieyddant tlt\@r
t t T
her ERTPePREtGrRRSEs AT S Phth & ipfbhydmie, 8t dfe
_ con‘p%eééf of ak2| nc antiwear additive package. 34, A
or nm
Oy 06 BioTERUE Pl Ot o o] e btckidetit Bddifve

hydr gifceimeaieigld @ﬁ?n;i&@!(omzmac\aawear@ﬁlﬂva\paﬁlgﬁge
greater than 60 wt% p-paraffins and | ess than 25 ppm

t 2B liaating @il AR and sul fur to nake a base oil
havi B0 wewween 1 and 99.8 weight percent based on the total lubricating oil of

- & base oil having : _

i, greater than 90 wit% ssturates,

il less than 10 wi% aromatics,

iii. less than 0.03 wt% sulfur,

iv. a sequential number of carbon atoms,

v. greater than 35 wi% total molecules with cycloparaffinic
functionality, '

vi. a ratio of molecules with monocycloparaffinic functionality to
molecules with multicycloparaffinic functionality greater than 2.1,
and

vii. a base ofl viscosity index greater than 150;
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. greater than 90 wt % saturates, ii. less than 10
wt % ar omati cs, a base oil viscosity index greater

wo 3008075820, iv. less than 0.03 wt % sul fur, andPGI/UR006/048677
sequenti al nunber of carbon atons; AI\/ENDED SHEET
(ARTICLE 19) b. fractionating the base oil into

di ff t d f b I I
o'nebiiﬁe?mé'l S Pans Biveioss Berennt sed pnyhe Rl U Bl ”%gof
oi | VIJI Flﬂquldfgga&&h@é:% h@&@ ohd Vviscosity index

greate aratio of nolecules with

nonec yiekotrands 5 weight parsent basgdi anyihe dolaldulricatiag ofpf &
mJtic cIo nctionalit reater than 2.1;
SREIREK PRyl ' |

and ii 5 w%total nolecules with
CMQmwfeﬂumwuﬁgnuhaenal ity; d. blending the

or ades: o Wkiwetis ph Visbesityiasareieblinn o8ERY |2

Che | b e Ty e E’“ﬁe‘“‘e’eﬁ e
and 300 &K‘Qa"ép’%@;ﬁbw A&*“@P@&?éﬁﬂﬁﬁh é’ggmﬁtsﬁ]t es in

{ B8 7Rl BbicaRpg B of Elalt® 97 ohReircinb base bithts less A0 wtt

alﬁees ) . The process of claim
34, anhmetesandiess ncﬁwﬁéroée’ﬁf-‘ the different

' Vg? nﬁd% e@&ﬁg%ﬁ o?%lﬁlﬁﬁ%? \%erep?ﬁh@ baEE Bl Ahs Idaa that00.06 Wk

cydoparaffinic functionality.
36. aThmapmmmlslessthaﬂ ‘awtﬂlﬁmﬂﬂﬁherel n the one or nore

e
© PR bicsEng B of pBA 2z, Wy el 8 tae B 2808l el adatio
neasifiresleatieswith nmmuyu:!oparafﬁm fupctiohality tccmplegﬁl&samma
lide to roll at 0 The proce of
| <l Ialw ﬁyd%?é? If't"i'éi 5%@&%&#@’1@3%%% i £ 1 er ent
VizyChe mzén&mg%ﬂ AklnnST, whbrelrathe trattionl dogfficiediNs less than
greater than 41 hours. 38,

T
aherasiaguehe 0-aLamhen Fiearired i Bheraisiesiu8t [ Srand at
.OoXi daL traﬁéaﬁa)bfﬁ§§grgg,ﬁ272 02 at 150 degrees Cis

great er tes. 39. The pro claim
382, mee\u@matm@llcni@law Zfowhemin { PR agtadditive

vi s¢ g%}{tr&F neks Q ehed gﬁéﬁ&l td GipRshyYariAE Cormixture

ratio es Wt h monocycl oparaffinic
func&nemﬂllty_t_o nol ecul es with multicycloparaffinic

o e T L
vi's cm-lcbmrameasias:on'fpobasmfm tinagotiwsasadditiye nasl@ga
( M s%g?o rﬁgﬂa% 8 lu@rlc%ﬁﬁg vac‘ntﬁ:higthooMNPEBb
comprising:
a. hydrolsomerization dewaxing a waxy feed having greater than 60 wi%
n-paraffins and less than 25 ppm total combined nifrogen and sulfur io
make a base oil having;
i. greater than 90 wi% saturates,
ii. lessthan 10 wit% aromatics,
iii. a base oil viscosity index greater than 120,
iv. less than 0.03 wi% sulfur, and
v. asequential number of carbon atoms;
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ki nematic viscosity at 100C in cSt, greater than a
Base O | Pour Factor, wherein the Base Q| Pou
wo FmeoTs3i s cal cul ated by the fol | owi ng equatl%‘FlT’UE%ﬁ’Q@M%W
Ol Pour Factor = 7.35 x Ln(Kinematic Viscosity at
100C) -18. 41 .The process of claim 34, wherein the
| ubricating 0|I is a hydraullc fluid or a circulating
oi | p, 4RcticrR@ngtiossase of intd diffeneat Usadsity gradesied base oil;

S enbe b BB ARl v

st abi Iy I;,Mgof a lubricating oil, conprising: a.
selecting a base oil havin at than 90 wt %
sat ur &t esselppted base ofl KOSty tmﬁ,%xaqqsﬁa '&1@& ﬁ% i. a base
oil vigs C/é’r?dtlf%f 'n‘fﬁi@éill@é o] ﬁfanbbﬁﬂbpk?&ﬁmb‘fundﬁ@ﬁﬁltty fan

0.03 wt a sequentjal nmber, of carbhon

at ons, vnnoiegm!eameﬂ'l mwawc@wamfﬁmaﬁwctl%@ajﬁx W&ﬁ?eféhw .
t ot al Iglx:ul es wWth cycloparaffinic functionality,
and vii. ratio of nolecules wth

nonocyik:| greateatfdm3twit tetal molgcules with CHelPRIEHTENC wi t h
rrultlcyc 0 arahé;nlc functionality greater than 2.1;
and b. r a portion of the base oil in the

| ubgi qgéncn? Pl seidcten bieosmbrecofdbe bifsrerdiviscositygradenef

| ub wh
or i Guep ol velnan oy ppt ey Epfetrd Ty pRREEL
\éessel wgatgﬁé?pn tef,tI by ;AS‘SI'IOVI D 1;2272 02 at 150
egr ees at is at |eas m nu
£ ne e oaareiniine (UREICRANE: 1) v VS Cre0Y SRR GReT 167 30y 300
f/vﬂe | Uﬁ{dti%%gff%f Bféﬁteﬁﬂaﬂ' Bg0 ﬂ‘ﬁt‘iﬁt@ﬂmﬂﬁe ebtahyprédsure vessel -
erein

ase ol is derived froma Cyfeed

havi ngoifation testiyASTEY De2E0pat 1% §98r€a%C. The net hod

G B phchds oPREIF 3R, WhErchPi drRed aroinr B arerEreBaily
oi | gi‘@:jesa:ﬂbase odinave gezabesithgn A0 we% tofebmolacuasith 50

AI\/EN D SHEET ( A 19) 47, The nmet hod of claim
epRp! n{':né' E’i@?ﬂg has a base oil viscosit

I Bd Thedirégdseof tlem 345 Ahe@iTthe: onet drovprefof dhe differsmt viscosity

T e g e i

ﬂeTmnqﬁead@dmﬂs Kinehestieiviscbéity dfdSeShiand rana shide to roll
Oxi dator BN | ess than 25 hours. 50. The nmet hod of

cI airatiogf 4QPRIFENY t he base o0il has an Oxidator BN
“‘ﬁ%ﬂ: ﬁe Wc&ﬁmfwmréﬁth%mmm affthe Hiflarsnt Yiscosity
er el e

base oi l hag | ess_t han 0 l%an%l Bours.

grades of base oil have an Oxidater BN great r

38. The progess of claim 34, wherein the result in the rotary pressure vessel
oxidation test by ASTM D 2272-02 at 160 degrees C s groater thian 700
minutes, - :

38.The process of claim 34, wherein the one or more of the different viscosity

| gradss of base oll additionally have a ratio of molecules with

monocycloparaffinic functionality to molecules with multicycloparaffinic

functionality greater than 3.0.
40.The process of claim 34, wherein the one or more of the different viscosity

grades of base oil additionally have a ratio of pour paint, in degrees C, to

AMENDED SHEET (ARTICLE 19}
40



aromatics. 52. The nmethod of claim43, wherein the
base oil has a traction coefficient Iess than or

wo mquadssiio 0. 021 when neasured at a ki nemati c RGTEEF496/438677
of 15 ¢St and at a slide to roll ratio of 40 percent
53. The nethod of claim43, wherein the inproved
lubricating oil additionally has an air release b
AST Mirlridtid Zis8sibf ail 1OS8C irha$t, greaiéntbares Base SOl Wl‘%@@ﬁ

basnsTen e R Pl ep: Serhe sel AL bRl Bton
gr ORsR0IBPaNFdcior@ 1eP xIn(Kifematic Viscosity at 100°C) -18.
A Butprosse melaiB o MPRE T v peging fEiR Hp i ora

inprcﬂ'&lﬂgﬂlj\l/é‘&[i cating oil has a result in the rotary
pressure vessel oxidation test that is_at |east

. . S, 100 .
mitRiThespropesstal claimdd, wherein g grcuigtingeil isqt BaRpr machine ol
2{?_80%&&#%239' oxi dation test of the lubricating

met hod of claim43, wherein the inproved
| 481A petiodgfonimpravng the pxdationadabiity eba Iubicaingesll at
| east U&‘? higher than an initial viscosity index of
t he PIEVPE8t i ng oil. 57. The nethod of clai m 56,
whereei selédingiaasevailhavingcosi ty index is at |east 50
- hi gher, thant I nktiLal  vi sity index of the-
| ubri clat BF@‘C%’RE?“@QF‘“T‘%%\‘?@? 6d of claim43, wherein
the | upriGithal010wWi%igromatiselraul ic fluid. 59. The
met hod_of claim43, wherein the lubgicating oil is a
ci rcul it iar@SSiQ".V‘W‘%H@EW?ﬁf%R i#cgl m 59, wherein
~the ci kA0l wivss@fupaper machine oil or a
turbi nig'cgélgla.thi/lgl\/l_ENDED SHEET ‘gART CLE 19) 61. The
met hodv.ofa sﬁquernhawpmh%am ®h@8MPr i cating oil and
the | ! Qfedler il B3t ShPlebs GRITO WSk el elsuee bt

per.cen an antioxi dant additive concentrate.
62. The nmeytoparaffinid inetigalitywied ei n t he anti oxi dant

additive c : e S i@ fufchality

ant i vveg'i aa'%ﬁ%?ﬁb@?égglgl%}é@ ﬁ@@@?@%ﬁ%’?ﬁ ati ngahgi tF of
cl ai m 1, méiendeswith enfiicysloparafinic fuastormiitygreatar thap.1;
petrol eumderived wax and Fi scher-Tropsch wax. 6t. .
The |ubri®ting oil of claim1. wherein the base oil

has @I spigding & poriad aftié baseadil indhe birieating ailtwith the selected
d ffi fynctional it 5o T i at
o 161 basaphioprotiAt Mproyse ot ol yhERIL R fbyed
B & e e e o et a e
. e Lupri catl ng- ol cla er n
base oPy AfM Er@tzeng%bn'hﬁg é)ﬂgfﬁ%%:%ﬁ E%P%t ' rgguu%st h

cyclop ' dresiit PrRkiréiary Predsure briativtest ot tha g
oi I of aﬁéﬁrﬁuﬁ%ﬁ vvheérﬂctai n the gagree %lfrle has greater

t han SubriceingRibl nol ecul es with cycl oparaffinic '
f ' ' o pal i ' ik i Qs

| AR i T W 91000 8o G o
pet r mdvingyeatsr teah SRuwthmdp@aliher - Tropsch wax. 69,

n®: g anefol sl 45 vivBpTie i e Fghfr TR

‘cycl@edeaf finic functionality. 7 0, The lubricating

0 L PR BB S 88 L e o et
f uncindeR atesterthad 15te net hod of claim 43, wherein the

base oil is made froma m x of petrol eumderived wax
and Fi scher-Tropsch wax.

AMENDED SHEET (ARTICLE 19)

41



72 . The nethod of claim43, wherein the base oil has
greater than 40 wt% total nolecules with

wo mynésgar af finic functionality. The method JCTAVER0PR048677
72, wherein the base oil has greater than 50 wt %
total nolecules with cycloparaffinic functionality.
AVENDED SHEET ( ARTI CLE 19) '

47.The method of claim 46, wherein the base oil has a base oil viscosity
index greater than 160,

48. The method of claim 43, wherein the base oil has less than 79 wi% lotal

| molecules with cycloparaffinic functionality.

49, The method of claim 43, wherein the base oil has an Oxidator BN less
than 25 hours. 7 '

50. The method of claim 43, wherein the base oil has an Oxidator BN between

25 and 60 hours.

51.The method of claim 43, wherein the base oil has less than 0.05 wt%
aromatics, R

52.The method of claim 43, wherein the base oil has a traction coefficient
less than or equal to 0.021 when measured st a kinematic viscosity of 15
¢St and at a slide o roll ratio of 40 percent.

53.The method of claim 43, wherein the improved lubricating oil additionally
has an air release by ASTM D 3427-03 of less than 0.8 minutes at 50

| degrees C. -

54, The method of claim 43, wherein the portion of base oil in the lubricating
oil is selected from the group of Group 1, Group II, Group i,
polyalphaolefin, polyinternal olefin, and mixtures thereof.,

55, The method of claim 43, whergin the improved lubricating oil has a result
in the rotary pressure vessel oxidation test that is at least 100 minutes
greater than the result in the rotary pressure vessel oxidation test of the

" lubricating oil. '

56, The methed of claim 43, wherein the improved lubricating oil has an
improved viscosity index at least 25 higher than an initial viscosity index of
the lubricating oil. R '

57.The method of claim 58, wherein the improved viscosity index is at least
50 higher than the initial viscosity index of the jubricating oli.

58, The method of claim 43, wherein the lubricating oit is a hydraulic fiuid.

59. The method of claim 43, wherein the lubricating oil is a circulating oil.

60. The method of claim 59, wherein the circulating oll is a paper machine oil
or a turbine oil,
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1. The method of claim 43, wherein the lubricating oil and the improved
lubricating oil comptise the same 'walght percent of an antioxidant additive

concantrate.
62. The method of claim 681, wherein the anfioxidant additive congenirate is a

component of a zinc antiwear additive package.
63. The lubricating oil of claim 1, wherein the base oil is made from a mix of

petroieum-denved wax and Fischer-Tropsch wax.
64. The lubricating oil of claim.* 1, wherein the base oil has greater than 50

wit% total molecules with cyclaparaff inic functionality.
65, The jubricating ofl of claim 12, wherein the base oil is made from a mix of

petroleurn-defived wax and Fischer-Trapsch. wax.
66, The lubricating oil of claim 12, whereln the base olf has greater than 40

wi% total molecules with cycloparaffinic functionality.
67, The lubricating oil of claim 66, wherein the base oil has greater than 50

wi% total molecules with cydoparaffinic functionality.
68. The lubricating oil of clalm 27, wherein the base oll is made from a mix of

petroleum-detived wax and Fischer-Tropsch wax.
69, The lubricating oll of claim 27, wherein the base oil has greater than 40

wi% total molecules with cycloparaffinic funcﬁonalrty
70. The lubricating ofl of claim 27, wherein the base oil has greater than 50

wi% total molecules with cycloparafiinic functionality.

71, The method of claim 43, wherein the base oil is made from & mix of
petroleum-derived wax and Flscher-Tropsch wax, '

72, The method of claim 43, wherein the base ofl has greater than 40 wi%

total molgcules with cycloparafiinic functmnahty
73, The method of claim 72, wherein the base oil has greater than 50 wi%

total molecules with cycloparaffinic functionality.
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