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WD 2007/ 075830PCT/ US2006/ 048676 ASHLESS LUBRI CATI NG

OL WTH H GH OXI DATI ON STABI LI TY FI ELD OF THE

INVENTION 5 This invention is directed to ashl ess
wydo@nhisgo f | ui ds and ashl ess paper machi ne oige&ysa006/048676
havi ng a high viscosity index and excel | ent oxidation
stability, a process for nmaking ashless hydraulic

fluid and ashl ess paper machine oil wth superior
oxidation stability, and a nethod for inproving the

oxi dation stability of an ashless hydraulic fluid or
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teach a process for producing an isoparaffinic

| ubri cant base st OCkF!Yl_‘ﬂ_'DCB SR
hydr oi soneri zing a \Amy—-pla:'ﬂi?—rm—rﬁlésther-ﬂ opsch

synt hesi zed hydrocarbon feed conprisi ng 650450F+

c TR svdded Kpehiasohspns fods g roimeRer

suhécltine Itblls hﬁvrpg edigh viscobidy ME‘EnB%@"@Wﬂ)&:ﬁt%tnestablhty a
base sto base stock which

o BBl i s R R Bl AP e SRt ARy &haqm of with

f cmmeaot okidatanétabmiet, iaRg Aesti®0iop e #ofvir@\mnteocﬁédatson stability
i.ls are othln‘g_lstau

r egar dil‘ éh‘fes%r'ﬁ’é’é%'é'@s W‘ioﬁﬂg@eﬁ? PEBFIYEFRING Y. of

| ubricating oils having excellent oxidation
stability. Conoco ECOTERRATT A Hydtatilic Fluid is
formul ated with BAKIKG ) HNMVENKIEN base oil s
and fortified with an ashl ess, zinc- free ant i wear

% P%(ika It has a hi gh oxidation stability,
o3¢ PEE 0T Us 03 Bastiatedkonniasd dpecion Frogess for
m WSnd An § FrtiAic) t est
pm\é(m %;!ggnﬁg?ﬁ D‘2273%@??%%&%?&“%“%@”%% 46
Pa PIFREZING 8 Y3XYo PagBNiR; 'ﬂa@i@%r Trapsch penthgsized
6&ygrcaﬂﬁ:dm@ea obﬁ:ipﬂst g)ﬁs@ﬁomnﬁy&r&ca%@@aéo

| uid, however has a

| '5%?‘%’99”%%851 cgpdggtggtat foeenyersien level gfsaid 650-750°F+ feed

2@9&{&3&%@%@?&&5&&8 84&&/ 8 sBot5pdan
»—%gr aul i.c. Fl. ui gs ?;ve RPV(%T resul tg%rd:%ﬁhé_ﬁgte bggé stock

PHPIRTEE D Base SiRs WiIsh oMisn rembingdswids pt 5east one

| hmmeet additleguiill i @lubrRant mzeBed aagmeﬁe
raul.ic fluid with a RPVOT

- HER g oil B Poiriee Kt tietgs s fsklioaapimmrpesspos to make

t pademapkitiond oPebrieitd sittehavitg shéasenPbkidafior Bta%:htyl_
product is a highly refined water-white base oil he
base oil used in the PetroCanada HYDREX SUPREME"' .
henaoe ECATERBAJY dydiadlichEiviel ia fmnaﬂ@&dt\yth Rigequaiat

GUFERRALEREL Lo o et innth PNBeS ind-fea antvees

Sa@ﬂptrw pa@kage It has a high oxadatlon stab:llty, such that the ISO 32 grade
has a resiit of 700 minutes in the rotary pressure vessel oxidation test
(RPVOT) by ASTM [ 2272 -at 150 dégrees €. "The SO 46 grade has a resul
of 685 minutes, and the ISO 68.grade has a result of 675 minutes. Conoco

ECOTERRA™ Hydraulic Fluid, however has a low viscosity index of about
102 or fess.
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amount of viscosity index inprover to provide it with

a viscosity index of about 353. Additionally, ,

hydraul i c fluids having high viscosity indexes and
Askgation stabilities have been made fr@mrusionsnassrs

synt%etlc base oils, and al so from high ol ei c base

oi | s made fronvegetabfe O ls. These types of base

oils, 15 however, are expensive and not available in

| arge quantities. Wat is desired is a lubricating

oiI havi ng excel | ent oxi dati on stability and hi gh

or BatretSonsd PRI 9 25 VLB s R0 R bava REGIT rosuits of

ar B@ﬁtée@ﬁ&&’far\ﬂ 888 phihitaisN Bexthay eed enlytHase vistsity @ifexes of
%ﬁ wt % sul fur-and a sequential nunber of

cafl &SS-wi t hout the inclusion of high |levels

O visCosity index inprovers; and a process to make

asRPESRae FYRHie SHTREMEG  ARISD S4baUs R W

gr RPVEST tdvault oﬁ%bwtxf/q 300 uﬂa@@s H\asﬁExmePmEM&'% is a trademark
ar o

- 120 PrisiCendin” Do 8one VLG proshit &  HghBl B d Wbter-wnie
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15

nuindes ol Thabhed o luead in tine PetraCaheda sYBREX SUPREME™

R 8 30 SRS bl SRR 0, o

mi thet s34l lisravhhm:lem amyteﬁ re@stities. v ¢ds elerabelddaith asignificant

t est TMD227 and .a - nmef,i ¢ Vi scosit

gt PG e rpr Bl B o § L 1o BSRE ncbx of about
askh s adtiibnalbahydgaulic fluids laviygl highl viscobity irdlexes aind good

pa C , S t.here . :
PeBlatleBlugt have hisf ditde o AR HstciRetolss and aiso from
papgh alsic base ois madajirrqmmn&gegabfa cils.bemediped al/bage oils,

o SR ol Otk 4 PR A BPe B Se el

| ess than 0 03 wt % sul fur, v. a sequenti al nunber of

?m%c QAR PG R lgﬂqul?‘}:catm ﬁé\mt\g O‘% o%\%%d%ﬁér?stagli{ity and high

esvmth oar |n|c

' as‘l‘i!B@&tyamdamada mbirm:lal base ®iltentgrdreates 1han€0 ovttesaurates,
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I u%r | Caéﬁl W\A@‘% arB a‘i%gta Q%% gifﬂd%;?gréa%ﬂa{han 120, tess than 0.03

a Vi SCoSI
\/\h@'i"/e |5h|f'tl!h%nda§ ﬁBaggnﬂi@l dumhéreTdatiah atomss Witbest fepociusion of

gre Pt]il?‘l eﬁw}aﬁh%ﬂ '&p‘%& @HSP?TSO? hd % eE:{t8 g‘?és{ %angg%é'

mnutes in the rotary pressure vessel oxi dation test

by ASTM D 2272- 02ggimhaR¥eH A8E ivENTION

We have discavered an ashless lubricating oil, made from a base oil having:
greater than 90 wt% saturates, iess than. 10.wt% aromatics, a base oil
viscosity index greater than 120, less than 0.03 wt% sulfur and a sequential
nurnber of carbon atoms; wherein the ashless lubricating oil has a lubricating
oil viscosity index between 155 and 300, a resuli of greater than 680 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; and wherein the ashless
lubricating ol is a hydraulic fluid or a paper machine oil.
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In a second aapect, there is provided an ashl ess
hydraulic fluid or an ashl ess paper nmachine oil,
conprising: a. between 1 and 99.8 wei ght percent

based on the total lubricating oil of a base oi

having : i.greater than 90 wt % saturates, |ess than

10 wt % aromatics, less than 0.03 wt% sul fur, iv. a
sequenti al nunber of carbon atoms, v. greater than 35
wilng tfict aspash trece Isagoviiadancsblesp bydsddlicfiic or an ashless paper

f ' l i .anAd vi. a base oil viscosity index
g%&%%@%%ﬁﬁgthggg'bz bet ween 0.05 and 5 wei ght

perceat basbaseonl hdyen&on] |ubricating oil of an

ashl ess antioxidant additive concentrate; and c. |ess
than 0.5 wei ght geetec 8ran B agEcsaBiREhe t ot al

| ubricating oil of a viscosity index inprover; :
wher ei n t h@. ashlessthahyvaid dreméticsi d or ashl ess paper
machine oil has: 1.a lubricating oil viscosity index
greater than 155yisacdtyiindexrgestdrtthanf12gr eat er t han 600
mnutes in the rotary pressure vessel oxidation test

by AS TM Diy2272k82that 0180vttlegifages C. In a third
aspect, there is provided a process for nmaking an

ashl ess hydr aul i gedetiid nombarvfashbeswrpager nmachi ne

oil wth high oxidation stability, conprising: a. o
hydr oi somey;i zat j@RteflwaxRs RE%aowbhylcbaleswith eiyclgparaffinic functionality;
greater than 60 wt% 11-paraffins and | ess than 25 ppm

t ot al ,combined;dai thasgmneaddise dbtentatepmide a base oi |
havi ng greater than 90 wt % saturates, |ess than 10

Wt % af, OBt SR (PO Rt peiesCOsbd ¥n ithel@tal duBadaging oil of a viscosity
t han 120, ngs t han Oigsl%wgﬁsulfur, and a sequential -
nunber of mdebompravems; b. fractionating the base oi

into different viscosi rades of base, oLl : ST :
swhesin thy @S&ydﬁ%ﬁ@ fh‘%d 8‘}1%';% B3 PAeL pecling o8 y lubricating oil
oy Rgesy AR asetQithal 854 AGE a fesilt SEE@AtLtad86@ ndinktes in the rotary
viscosity 1 ndex greater than 150, and greater than 35
whissuct alssatokiclatibe testwbst ASTYCP 3 a4-dPfalil 0 degrees C.
functionality; d. blending the selected one or nore
of the different viscosity grades of base oil with an
~ashless gntioxidant. additive n et 0 .
2Thp SR b e F2Rs BRfeby SRS IOBIS IS o SHiGtE paper
wihreeking ofl, hngsikihgss hydraulic fluid or ashl ess paper
machine oil has a viscosity index between 155 and 300 . )
and a . gsiilebn Qf ardf R SFci il pRr@80bEM Bh 8se toteltlblericating oil of a base oil
rotary pressure vessel oxidation test by ASTM D
2272- @3vaag :150 degrees C. In a fourth aspect, there
is provided a nethod for inproving the oxidation :
stabi lii ty ofeater thahP@saasparaes.ic fluid or an ashl ess
paper machine oil, conprising: '
ii. . lessthan 10 wt% aromatics,

i, less than 0.03 wt% sulfur,

v. a sequential number of carbon atoms,
V. greater than 35 wi% total molecules with cycloparaffinic functionality, and
Vi a base oil viscosity index greater than 150,

b. between 0.05 and 5 weight percent based on the total lubricating oil of an ashless

antioxidant additive concentrate; and

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

improver; |
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a.selecting a base oil having: greater than 90 wt %
saturates, less than 10 wt % aromati cs, a base
oil viscosity index greater than 120, iv.less than
0.03 wt% sul fur, v. a sequential nunber of carbon
atons, vi. greater than 35 wt% total nolecules with
cycl-oparaffinic functionality, and vii. a ratio of
nol ecul es wi th nonocycl oparaffinic functionality to
nol ecul es with multicycloparaffinic functionality

gheainahe s BydrauBPHull- o 8RlIAG] | f the
base oil in thEez alslhl e%ls hydr aulplgger??%?ﬁ&{eoo?ﬂ}iaghl ess
papér maghibteatig olivisBoditendel eedt@dhass. qhd to
produce an inproved asEdess |l ubricating oil; wherein

theii npr 9v&edi:as bt @ thashs0oaatuRg 19 ite 1B@Sy Bres§Subissbibxidation test
the rotary pressure vessel -oxidation test by ASTM D

2272- 02 Bf ABBH Bei/@dl at1pbdecrees Gt | east 50 minutes
greater than the result in the rotary pressure - “
oxi dation test of the ashless hydraulic fluid or
gé%]l ess paper machine oil. W have al so di scovered an

1hitd esprrdtbriricreyidedia grocasthics Bigkipa ga eshigeniyseaud fluid or an
| @mlpsp&%a@ﬂn@oihﬁ%@ bxi@t6hRebig), 8ahpisibgian 90 wt %
saturates, Jos's than 10 wt% arcinatics, a Vviscosity
i ndex gr apfreisotdeaizati@0dewedse tahenx0 f@8 htving greater than 60 wi% n-
sul fur, aseghenti al nunib of carbon atons, and -
gr eat er tAFARIBS Al dese glﬂaéll E{TBP@C@FE&OW’W‘? nitrogen and sulfur to make a
cycl opar@af.f i fi | [ 0@ obi J o7 :
coeffi ci%ﬁ% _Opéfs?é’ﬁﬁ nétglpﬂ]léag ug)gl %{’2 S%)tﬁ%%éf’ \%@hseaharr%elgsﬁ/oegr omatics, &
at a ki rfesatilcvietsitpdndax gfeakd thdt 12Ahdest than $103det® culfur, and a
roll ratio of, 40 rcent;. 14 an ashl ess anti.oxi dant
Cadditi vege%fi%’@é%]f"t‘lgg%ﬁﬁﬁ'@oﬁ)atql%%s than 0.5 w % based
on the total lubricating .oil . a viscosity igﬂzefx .
i iy overfracigpaing the prss Alipta HiBEEnhyigrasily iskides of s pil
ashl ess paper machine ai]l has_ a viscosity jndex e
gr €at er Selesing oBe egors of dlag hiffegt gw%wrgr%%ﬂf bagppil having:
mnutes in the rotary pressure vessel oxidation test
by ASTMID 227zxclertestbassoil visegytaades greatpidhan | ghand y,
we have di scovered an ashless hydraulic fluid or_ . L
ashl esstibapergreaietipme3 dMtYdoighriosichlys vath ayelpprrafinic functionality;
and 99.8 wei ght percent based on the total - _ .
| uldr i catblenging thectlegted @se opintorh &V ithegdifeisat wscastiagrages of base oil

W % sat ur.ates; .Less than 10 .w % aronati.c a. base oi |l .
Vi scosi 10 eskiEs aabolr ot dndsh 2oREEk o a2 B s hydrautic
sul fur, fri®eonsBnst pegaﬁ{geﬁﬁle@ﬂ;carbon at ons, and _

greater than 35 wt%total nolecules with

cyQIhera & dshiess h%wﬂ}ﬁﬁlii@ﬂﬁldi dr¥asBlless phpkf MEEHIAN0il has a viscosity index
coefficient |l ess than or equal to 0.021 when neasured

at betwicendfatand 300swdsi teyuld bl pEeagesithameBlamintes| indle rodary pressure

e TR R e BB T a2 5Eart TRIHT g of | of

an ashl ess anti oxi dant additiveconcentrate; and c)
less than 0.5 wei ght percentbased on the total

InProlRRbESEE Ghdre o prdviMb® 6 ASHthoH foRE@XolifBihe bRidation stability of an

ashless hydraulic fluid or an ashless paper machine oil, comprising:

a. selecting a base oil having:
i greater than 90 wi% saturates,
1. less than 10 wt% aromatics,
i, a base oil viscosity index greater than 120,

iv. . less than 0.03 wt% sulfur,
-3a-



WD 20071075830PCT1US2006/ 048676 wherein the ashl ess
hydraulic fluid or ash | ess paper machine oil has a
| ubricating oil viscosity index 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. 5 W have also invented a process for
maki ng an ashless hydraulic fluid or ashl ess paper
machine oil with high oxidation stability. The
process for making an ashless hydraulic fluid oi

ashl ess paper machine oil conprises: a)

hydr oi someri zati on dewaxi ng a maxy feed havi ng

greater than 69, é%)% AN RAY: d | ess than 25

ppm total conbine |troger??élﬁ1 solﬁ]l%?}F’to make a base

oi | having; gre 9 %.saturates, |ess than

10 Wt % ar orat | %Ig?l{egtt%ﬁgg ‘%ﬂl)M[ QRILBRss ‘WW&I@XCIQP%"Q@@#C functionality,
than 120, | essatdhan 0.03 wt % sul fur and a sequenti al

nunber of carbon atons; 15b) fractionating the base

oil into Wdlff@remhovm&@@[gcwegra,ggsn% )
sel ecting one or. nore of the different O%}ﬁ Afltﬁmc functionality to

grades of bas dnefiepul ﬁﬁwm@?@tl@d(@@laéﬁiubﬁmﬂonﬂﬁy greater than 2.1; and
viscosity i ndex greater than 150,. and greater than 35
wt %ol e dERIBngAL Potggr oS she At ol ¢n ﬁlmasthlm alyideanlie dd or ashless

traction f I s,than or, .equal to 0,021, and

29d) bl e g?ngrﬁ‘li‘%‘”?% SR e GalRerg ‘3@% @il &9 proflce an improved ashless
differ enﬂubmsmgsoﬂyw@éraﬂ&ﬁe RiproasisRlcls WokRa®E oil has a result in
ashl ess anti oxi dant -additi ve concentrate to nake }1

ashl ess ﬂV—‘dF%D’|Rfe$Srum gessel g@da@sstephprmmm PR7D0L at 150 degrees C

wh draul i ¢ f hl |
mmohine 0T ISR 30 BEURY brefracibith Bt rsdh 1 8 sttty apossare oxidation
and a resdt br afc S9HE@L Aydthas B0 or 2a§me£§5a§§r tBcHiREoi1.

rotary pressure vessel oxidation test
2272-02 at 150 degrees C. W have al so devel oped a

new Wethaod disy disoprereil Bg dsheesexiydediiionurt aidhidss miper machine
an ashless hFdraullc fluid or an ashl ess papermachi ne
oil, C%?FB 7 30 a. selecting a base oil having

gr eat er ‘Bhan b@i@eva/ﬁMgJ lgpd 8, tHa@ DD Wite8alPatebNess than 10 wt%
aromatics, a .base oil VISCOSIt er t
o0 bos: RaNAReeh WS R ol B ot FRTert A .03 v
of carbon atifog; a gegiringl tdraber of carbon atoms, and greaterthan 35
wt% total molecules with cycloparaffinic functionality or ‘a traction
coefficient less than or equal to 0.021 when measured at a
kinematic viscosity of 15 ¢St and at a slide to roll ratio of 40
percent; . '
b)’ an ashless antioxidant additive concentrate; and
c) less than 0.5 wi% based on the total lubrtcatlng oif of a viscosity
index i xmprover'
wherein the ashless hydraulic ﬂu.id or ashless paper machine oil has a
viscosity index greater than 155 and a result-of greater than-BOO minutes in
the rotary pressure vessel oxidation test by ASTM D 2272-02 at 150.
dégrees C , -
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WO 2007/ 075830PCT/ US2006/ 048676 35 | a total

nol ecul es with cycloparaffinic functionality or a
traction coefficient I ess than or equal to 0.021 when
nmeasured at a kinematic viscosity of 15 cSt and at a
slideto roll ratio of 40 percent, and a ratio of

mol ecul es wi th nonocycl oparaffinic functionality to

nol ecul es with 5nulticycloparaffinic functionality
greater than 2.1; and b.replacing a portion of the

base oil in the ashless hydraulic fluid or ashless

paper machine oil with the selected base oil to
PAQEHISR2 RN WeMRAB\REE AR LSS abMBES AREHLNG: Ak ;or%ﬁfe%’s{]ﬂiaper
the i nmprqoved ashless lubricating oill has a result | .
t'Aachipe HFompPrisieksur e vessel oxidation test by ASTM

D 2272508=@lcchoPaf@ 00 80Reight B?ﬁcehﬁbﬁed' &P 18841 ubricating oil

m nutes greater than the result in %he rotary.
pr essur e2\R 888 Ol RAWRLIGHIEE HRNoT0 WHE saiHpiessless than 10

hydr aul i 1% |aibflafiss, aShURSSH ﬁ@é@i%'mfé% d8afdirhhan 1507 less
DETAI LED, DESCR| PTI ON. OF THE | NVENTI ON 15 Hydraul i c
fluids afi@nd-PeWasuiynct PRAYRR' RiEReT riaresn atamemnd
st abi | i tyreats thigbs wisresiitiolbagex afnaleloBhfMivc
desired._ Excellent oxidation stability translates

into | orfy8FtIAIY ey iraghienARRTAGeT res &iug fo 0.021
changes \afgh rReEaRd sedlpbRthio WWRbEREoCESESE and at a slide to
Excel l ent _oxidation stability also minimies siUdge

bbi | d- ugeB &Rl 4LBYCE8  har nf ul var ni sh deposi ts, -
ensur bpgetwaBeDIDT Shd BRIHgIRIRIradhiUased SRMAE #btal PESating ol
of hydra¥llc nd C|rpujat|n8 ?I| equi pnent are
required P&?fg@si’tsém&ﬁ@é‘f‘t_@ FRgrrEopFegREih @ndow

t enpegpticethen s Wepit pefeemeeesdvaabes tobOabheR Mg of a
environnental condi.tions, lubricating oils with 35

hi gh vi YEGSFEY NARYERBEOVEFe needed.. In the past, high
vi scosity indexes were achi eved by including

viscosity index (VI) inprovers. Increasingly, smaller
hydraul i ¢ punps are being designed to ninth higher
pressures. Higher pressures give rise to higher
tenperatures, increasing oxidative degradation of the

| ubricating oil, and potentially nore shearing

of .any: VI inprovers in the 30lubricating oil: WO
20071075830PCT/ US2006/ 048676 The | ubricating oil of *
this invention conprises a viscosity index between

155 and 300. Viscosity index is nmeasured by ASTM D
2270-04. I n one. enbodi nent the viscosity index.is

bet ween 160 and 250. The high viscosity index is
attributable to the high viscosity index of the G oup
I1l base oil used in 5the |ubricating. oil
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The lubricating oil of this invention conprises a

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

Ki nematic viscosity is measured by ASTM D 44504 10
The oxidation stability of the fully fornmnul ated
WOR7eEBsthg oi |, as conpared to the G oup || POIGS006/048676
oil, is neasured using the rotary pressure vessel .

oxi dation test by ASTM D 2272-02 (RPVOT). This test
met hod utilizes an oxygen-pressured vessel to

eval uate the oxidation stability of new and
in-service.fully 15 fornul ated lubricating oils, and
ot hdreréinnhe lastidsstinideaulicSivid or hétdess papsrgaachinealidias a

o1 iSRS SRy Binitiroa®hitir 5% i @ 5L PEatfer than s00
t hamin6@@ imtineitatary preabercaldspefoddation teishhy 88T M ID ZPR-02 at

preferably greater than 800 m nutes,
ang%podsﬁgrpre érably greater than 900 m nutes. 20

5The. OXI datlon stability of the lubricating oil of

””v% g ey l%ﬁ% Oﬁufgﬁgédaér&aﬁ%%s ﬂﬁgﬁ—r@ﬁ@%ﬁ &S ST alife fluid or

T(E‘éh iesampes rrmhmé bid wutbﬁugh amdetldrosbabthtgatﬂrmpran&s for

ac |nql?g"9(_5ag§|ta]€g, r}}JFglg fﬁﬁ@ ?F gg@gsﬁgg%r @?é%‘ég oil c%rllrgpnses

endpoi n&) | lgydﬂelsemﬁrmeﬂomhewakhg aawaxy faenbeaving gteater than 60

G| reachggiol 0
1Ot he test r eache%g%g%%cﬁ%gggﬁé ng g‘\r/té) 5" E@%%’ h@rogen and
The TOST radiyris make a bpee didbavinglgieater tﬂéhegtr OBk saturates, less
results of; 0
preferably épg]gt‘}g?ktaﬁ%hﬁ%’ %‘O‘tl?)g%e oy g&(\?ﬂ%{yﬂﬁ{?& é%%r f é‘ﬁan 120,
enbodi nmentisss Hean G463 widh suifpraind @fsegmersiial nuef‘rlutelr oficarbon
addi ti onalépnﬁonprl ses an air release by ASTM 0
3427-03 of less$ than 0.8 minutes at 50 WD
152007/ 07 53 Joaretionativg Hue besoail §8o TEfajent deepsity goades of base oil,
addi ti opal
Procedurt S/FaeD Pet b ﬁéﬁﬁ%ﬁ"ﬁé@@* ysCo}iaradpe of bace o
Fluid: - 5 evnghadelented base pd visepsibhindex gvegtel ban 150, and
cont ai ni n Waa4
addi tive Sgargﬁt;éégﬁgﬁlgspr em um \éh\{a déqbgﬁﬁ ?gélb{;?lfalf@-hgfumt'gnahty ora
to neet altregtignorogsinipntia %ﬂ”@é‘t%@l@i for%@@ﬂéfh%nt s

2gfor pr Oﬁﬁ%léﬁtﬂinﬁfth@)éefe%kéd &ndHRRre Eh%e%i*férent viscosity grades
denonstrate oxidation stability, yielding

dramat i cal Qf)bqsé’r@b‘ﬁ"ﬂé apashlessiangiondaphagditenoenianyiaia to make
hydraul i.c tﬁblﬁsﬁhss%ulfcth@bﬁbsmeé‘é Eéﬁer' PaKRRE dil0 2

m ni mum as re ulrre anti - wear raulic

f1 ui ds, WRErgD 59 @ig@% hé’EI[ﬁ“ﬂiﬁé‘th Pi a%"ewrm@f%ﬁ gil has'a

desi gnedusf:a@twmeek betdesh 159 bﬁH%O arﬂmi r@@.ﬁtroftgfeater than 680
purrps and perform esgem ally cases

2Shydr aul PENPSdR e Lt Wdé’@ﬁS‘fGO’@Sﬁ%' OX'%'OPHESW%I'?@NZ -02
fluids af15hidegravsent i on contai ni ng an "ashl ess

antiwear additive package are zinc-free, oils

formul ated to neet or exceed the performnce

r effé: hate alsd azﬁvatmwahewmbtmtfor mbvfdguhé%xmnbﬁ stability of

provi di n onal | ev of environment.

D PpSke tF it B ah REPlest papBr IR SpSAMegiing:
3020 HF- 0a. whi }selebﬁ@ azaased:uérﬁa\nimp@rehtm them@[}rvﬁ%ﬁéiﬁralés less
G nci,nnat,i acron respectiv

o8 B TP BRI AR A R O LY TSR R St T2, less
P- 69:th&c0.Gbweedisfubad Bedimtidt clgabsr antarboratoms, greater than
requi renents of M2950-6 for nobile hydraulic systens

and 1-286-S for industrial hydraulic systens. Chevron
Clarity Hydraulic G ls AW ared4i-nherently

bi odegr adabl e and pass the



25 EPA's acute aquatic toxicity (LC-50) test These

oi |l s have substantially better oxidation stability

t han conventional hydraulic fluids. The hydraulic

fluids of this invention containing an ashless

VP 2I0HRRP3%addi t i ve package are designed for u$E&T{UF2Q0pR48676
vane-, piston-, and gear-type punps of 30 nobile and ‘
stationary hydraul i ¢ equi pment in environnmentally
sensitive areas. They are especially well suited for
appl i cations that exceed 5000 psi as found in axial

pi ston punps. WD 2007/ 075830PCT1US20061048676
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his I nvention are
5 oils mwa@yc‘é@@raﬁw fungtiefality pregterpéan r?at Hanre

C|rcula|ng ?éw r o
st acks. l‘E)They pr ef er a (rﬁr{egfﬁ%rd%%?gég@ﬁ%%%%gg%&drau"c fluid
speciariaghiess wapef mﬁme ihwith ilee eejgirienerase oil fo produce an
nanuf,,q,gpdue@racghlé&qhggé&% Val.met, Beloit, and Voi th
Sul zer. he circul atlr?g O0ils containing a zinc
antWhesgin fﬁa dﬂtﬁrqy@dm&ﬁgeluw@atlr@ ojf ligsog |r$§/ul‘gmatbe rofary
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dr ?K/ @@St ﬁﬁi]@lms@s gpertghthapdbevpewbisi th rgiear QEBS@UFQ wessel

Ci babRdr Rt 6f ih% SSIA Wddufe

15 package nmay al so be @éedul nﬁ%@gr%%{%@%{)@? ?‘%nml'

beari ngs at el evated anbi ent tenperatureSas hi gh as

80C (175F). BrerAiLERbaddmirpaion @fr THE SNVEXERDNCD

contai ni ng. an ashl'ess antiwear a Tve package;, with
_15 a viscosity grade-of SO 100, |SO 150 | SO 220, [ SO

329ydﬂ&dlu2ﬁwﬂ§%nﬂWrdQ%tM@Qﬂisadﬁth@é’éﬂéﬁtp mxﬁép on %ﬁ%gﬁlt}ﬁg‘ﬁd high
and 7EP: oi gasrgﬁﬂé ively are sultab

batREEY & iy, SP%%% Eé‘&?”e@F Pwég’ﬂorrﬁéablhty translates

O 1h£tuloﬂ§]e|ﬂﬁl el extentiMéelithe Mt 8il Bhageadd M esy reducing
i wear addit]jve package exhi-bit outstandin

ox %"E*FB% CQ?tab’ﬁF??' N Riptian gtapiiy alsol mrmwe%mludge busild-up

20 chandusdeces hagsful Thmyisiabsposiay @n§|wi}§ slﬂboﬂvﬂehable operation. :
filterability, as denonstrated by-25the Pall

Filterability Test. The circulating oils of this _
i rﬁmﬁraldvpe@m Iaydnal:l[ip and a:ﬁbhlaﬁﬁg ahequpatiediierby@red to

OUGIEHE Bl BT AR e or R e sndfinS) Ko o,
d reyce:onbaaiata géide aangioglemwdanmehtet kenditics A20rieatthg3A@ with
25 S afyREa88, BBkt Rt kst o BB lerst Hith v RBoFRhuSREs were

achieved by including viscosity index (V1) improvers. Increasingly, smaller

hydraulic pumps are being designed to run at higher pressures. Higher
pressures give rise to higher temperatures,- increasing oxidative degradation
“of the lubricating oil, and potentially more shearing of any: VI improvers in the
30  lubricating oil. | |



Turbine oils belong to the subsets of either R&O or

EP type circul ating one. Because O their excellent

oxidation stability, nost turbine oils are cOnsidered
%@ﬁ%uallty R&0O oils. Turbine oils typlcallﬁ have a

W ¥ viscosity of 28.8 5 to 110 cSt at XEEUSHREPS6Ts

are usually 1SO 22, 1SO 32, 1SO 46, 1SO 68, or |1SO.

100 viscosity grades. Turbine oils use different

addi ti ve packages than hydraulic fluids and ot her

circulating oils such as paper machine oils. Al of

the turbine oil additive packages include an

anthexu Wamhng ol & this inventiTheopieises padsdositpindexdidtween 155

fofhd 08, AASKRT I A W aieAifod BTN 224F0R” 1 ByBPe
ad@ﬂh@éﬂ@@dﬂ@g@oa@m@aw abw@aecmﬁﬁﬁeam aﬁtDyThedngh viscosity
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5 Acther lubrigating ler bi ne OEMs, oxidation st abl lity is the

nmost inportant property of turbine oils. The rotary
pressure vessel oxidation test (RVPOT by ASTM D

227e fubricating off péthis irviention So@iprisss alkinarigtic dstotifEERO°C
by ST B r OSSR ]
tests cit cgﬁ%/%%%g?ngﬂnéuﬁa %ure Hl?% %ﬁWRSTMqétﬁ
0iP4%- of this invention have oxidation stabilities

10 exceed| ng-those of earlier turbine oils nade with

Gaup I] ails. |In preferred-enbodi nents the turbine

oi T@e Sridatipr ST*\W@hPf the Wy formueted dguicating wilt &% compared to

r r e Y
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walsgt by ASEA B 23702 (RPYGIN  This teshmethod ublizes an oxygen- .
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{ét ex t hi s disclbsure G oup- base
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| ewster Bag aléd %:Qf tcloﬂ St 1804 Sffﬁé Gﬁﬁdaﬁﬁg)ﬁzlg)rf@lﬂg flvention

Wé? 3%‘3/ | ess’ t'han 03 wt % sul
%7 ‘%F ot 9fj orpatss ftﬁim 80@ mipytes; prarebbiorgatas than 680
hao/rertm :sﬁgu@gltm@ﬂe ;ﬂéfé?ab%ygrﬁ@ﬁ-@t% 86 A utEk CAtY Ho'st

base_oi]s are different fromGoup IV arid Goup V

bﬁ@f%?PlgngEW%%OQjBF“%E separately in APl
Publ ication 1-509. The G oup Al base oils used in the

| ubr.i,catin his invention are nmade from a
wallyF Padato @b@éw‘p &Qéubmﬂé‘r‘aw' i qfithis pravestigpmaralse be
thnsas;mdmwth@mﬂlhegﬁn&’eﬂililw@ﬂ@ﬂ% By ARAD 883-04a. The
araffln ref abl reater than

(agﬁ, ercent n-
g’ﬁ TAPETT BRES esigg s 393 fereratiendn she
pa:rraéémmsof veditdr, iygep) &fc rr&bél;cmlgzﬁ‘s & ablagh 2695 uei !lfhé test

PRIt eRBp sl Wner T “Gua B R o ee e -

ad'(@ldé;ranhm‘daln or the thauls lnthHSeﬁaftae&hesAﬂmDGO &bluﬁn whichever

OSE08. {4hAIBE P BB e

péh¢ bltémtlnbsolls./eﬂthﬁaew&nﬁimbrea;sreférably@raﬁtélr ¢hars 1aek0 hours.
wax, or it may be derived froma synthetic feed, such

as, for exanple, a feed prepared froma

Filg prefersd epsoidirmgntshibel labridating] airof plois ﬁﬂxmtioh atchlﬂnonally

SRR S B2 e L]l o

650 degrees F, and nost preferably at [ east 90 wei ght
10 percent mAII boi | above 650 degrees F. Highly
paraffinic feeds used in carrying out the invention
typically will have an initi&l- pour point above 0
degrees C, nore usually above 10 degrees C. The terns
"Fi scher-Tropsch derived' or "FT derived" neans that
the product, 15 fractibn, or feed originates from or
is produced at sonme stage by a FischerTropsch
process. the feedstock for the Fischer-Tropseh



Sl ack wax can be obtained from conventional petrol eum
derived feedstocks by either hydrocracki ng or by
Sol vent refining of the lube oil fraction: Typi eal | y,
sl ack wax is recovered from sol vent dewaxi ng
WRAWHNBEWs prepared by one of these processedCT/US2006/048676
Hydrocracking is usually preferred because 25 '
hydrocracking will al so reduce the nitrogen content
to a low value. Wth slack wax derived from sol vent
- refined oils, deoiling may be used to reduce the
ni trogen* content. Hydrotreating of the slack wax can
be dageeiasx@ d:rcmi;htiquaélycomnrlseg@Pamr@ultﬁlmthecBﬁttC@dtJ re B rust
very high viscesity index,
nornal y I'n Pﬁg%szﬁge of from about 140 to 200,
depending on the oil content 30 and the starting

na dF Ilcflflﬂﬁz whi ch the slack wax was prepared.

Th k waxes are suitable for the
5preparat|on of Goup Ill base oils having a very high
Vi S5RSHalRR s oMAAISHPEIOBERARZ 000/ ARRL0 AR hycrauic

| eﬁgtd mtl%p@cﬁmgemralpremm hedravlicrodgdesandd do ket all major
N LRGSR ahd G ?&f éé Lf(ﬁgprro HARPOF rl/ 8RR HURIps. The oils
ustion an er ni

to oxidative co um nescence
dedegdnstraty/high Asidation séaiglitgeyieitting desnatinaily sundes service life
fu
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pr MERimuMgsireguired by afl angreeardivsisawic mwr@lm sxEmd
The h%ﬁeﬂ?&‘oﬁhé% I)wériéecfeﬁﬁﬁé\d fhredeii vy§e Gp%%h 93Rd gear-
|ncorporate her ei n. feeds useful 1Tnthis
i nheae ptﬂﬁpanaéd@eﬁ@ev@;pe@aﬁﬁ walldRrcases whske hmi raum/ pregsures
co§kmggﬁpgggbgve in the near future as large-scale
Flscher Tropsch synthesis processes conme into
S product i on. Syncrude prepared fromthe FischerTropsch

Pr IRE Sy dFRRIfluFESofth/8 iﬁbé’f’itﬁarpéom%'lriq#zin 28hieds ahh\ﬂé'éldaddltlve
and gaseous hydrocar bans hose er - Tropsch

pr BAGKISS e FRc-Hee cilgifermylatadsto mRgogIxcesd the performance

| ubsduidnhdigts W&Smﬁédtxoﬁ@ﬂé:ﬁi-ﬁle%r ALER WHIRARLULRY A aM@ional
mhgﬂﬁeg?kes then1| deal , candi dates for proceSS|n? into

enyionEnenipl sajely oM orRiiss meet thedienkbpaiertshdenison
20 I epIresaltife B0 82GRId mtnefe@ﬁﬂe fejuirthenas bNGindirgtat Milacron P-68

quaI| ou | ba oil S according to the process
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s o PLED.atSO @B eRNRITA I Viokets aftnaRf wsililemerfls SPVRYE50-S for

o e e SRR 1S5Syl L tems

hy dheveonelErihaHyamaud dilkeaweere ikheehey b'H@@ﬁé‘dhble and pass the

%@Fsg?%ﬁ%u%‘ugﬂlg Itc%a:%g( %gg)efa V Xg:)erllsknear\]fte su%stantsally better
genmﬁat:emi embzlﬁyotﬁamhmﬁreaﬂomaimwrwdﬁmumwr i zation . :
dewaxi ng processes may be found in US Patent Nos.

5, fRe r@@?atﬁﬁ‘?luﬁisz&%hﬁﬁﬁverﬁ% éb‘ht%?r@“én asKiBss antiwear additive
Appl i cation 20050133409, incorporatéd herein. The

hy BPEagse; Ciz%ﬁesrtﬁs! fos uge it Burevans BisHracanhgedhyPa@wnps of

30  epfbbilk tdhdestatish Ay ﬁ?@?%ru’hé %hbgﬁ‘n&ﬂtlﬁ'e)‘ﬁfmhrﬂe%liy sensitive areas.
i sorneri zation zone under oi sornert z

- conBfY PEhesPatiRiIyel siisshior |ai’8i'ﬁ3%ﬁ9”§éf‘%1l %qeed 5090 psi as found
prﬁfgmgllmDﬁqﬂpﬁ¢§es a shape 30 selecthie

I ntermedi ate pore size nol ecul ar sieve, a noble netal
hydngenatlon conponent, and a refractory oxide
support. The shape sel ective internedi ate pore size
nmol ecul ar sieve is preferably7sel ected fromthe group
consi sting of WD 2007/ 075830PCT/ US2006/ 048676

SAPO 11, SAPO 31, SAPO: 41, SM 3, ZSM 22, ZSM 23,

ZSM 35, ZSM 48, ZSM 57, SSzZ-32, offretite,

ferrierite, and conbinations thereof. SAPO 11, SM 3,
SSzZ- 32, ZSM 23, and coi nbinations thereof are nore



The hydroi sonmeri zi ng condi ti ons depend on the waxy
feed used, the hydroi sonerization catal yst used,
whet her or not the catalyst is sulfided, the desired
ield, and the desired properties of the G ou E 1]
‘%ﬁ%@”@?ﬁ“’Preferred 10 hydr oi soneri zi ng condFfrgiiarese4se7e
useful in the current invention include tenperatures
of 260 degrees C to about 413 degrees C (500 to about
775 degrees F), a total pressure of 15 to 3000 psig,
and a hydrogen to feed ratio fromabout 0.5 to 30
MSCF/ bbl , preferably from about Ito about 10
VveEicsltinadike preferably from about 4 to about 8

NB@E:HQH& o:i@%ﬂ& iy 813%'5:&@’ [0 ﬁ?r%x\gw e, bl:Sf‘el s} ﬁ%g%ﬁeral class

fromthe pro uct and recyc ISOﬁEf zat

z oRE cirgyiatingnhails. yRU$WC@>G@$iiqr! inhibiise (BEO)paviineardAWY) and
hy &Géﬁ%’ﬁéé&ﬁ%'(ép)@ﬁ%?‘é aﬂcﬁwathﬁ didr of I ni shed.  The

hydrofini shing may  occur in One or nore steps, 20

Sei tthercipaigpg ol ohfhie inventien amlﬁttqnﬁgembocimermmupr machine

baggs idt a'ré‘h@hﬂﬁ@sé?r‘[ﬂ i é%gF H%\%Hrfy@rcuﬂ?ﬁxg systems

hydrofinishing’is inten to I nprove t

- st BBRINgSy anwa&wﬁrlataqks ey e aatawwaiforteneeed the

pr Q%ﬁcéﬁ%n&%ﬂ%‘éb@g i é&ﬁpm@hﬁ%bﬂ?fﬁ%ﬁgr i %ﬁg Vaimet,

and . sol vents eneral description o
mafPelsd. pBAN@IthSWERPat ent Nos. 3, 852, 207 and

404, 673, 487, incorporated herein: The 25
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hydroflriishinq step_may be needed to reduce the
veil BB Crpdatag pily can aﬁgng A Zinfcartivras additiveaskape with a

I esigc&eh@rgr&@e oP18HErDIYOI229S ahl @@o%zd%%? b%f &fe%r a%bh?éMA
thﬂ and nost preferably [ess than O.
%6? f ?é‘h?n@”%@e B""'%P&W“é?')é @fl?é‘cif@@&élfatféi"ﬂ@%u Ebet'ﬁ@ 220 and
V\BBE@MSEQQ‘,I dak e §i$cdléhd$§& éd?ﬁéin@tg]a z"ﬂ&@(nﬁﬁég Hdditive
| ess than 05, nore preferab | ess_than 0.02, and

moRFCHAGETERR ISP Peused Kupator qntrfnctmb@ws» Fyelavpied

0i dmbfertt terbbeiaieethd MGR adidoPer@nseryi scosity grades

of base oil. In the cOnte>ct of this disclosure
"different viscosity grade of base oil" is WO

20ﬁﬁéQ?&ﬁﬁﬂﬁiﬁﬂéﬁﬂﬂﬂﬁhﬂéﬁﬁﬁﬁmﬂﬂﬁhﬂﬁﬁa@ésﬁM@sthﬂﬁéﬁaddmve
base oils dﬁffer in kinematic vjscosit

100
doRR Bt G SRSy GRS b PG ODeISK? 1800IREE20, IS0 320 and
Eu mmat yaate/msemss AGNMS msa&fe BER,| Erga éﬁ;d” Pv‘:E}M?% Rdpectively.
ractl ona n cuum di St all on
o S e B B 0 DA S Y an e Tbe
5 d'l‘mlzginnglsldflthhaﬁ'éemidn dontaihing i MHésd ativieiradditive

o APaB R Bbiar G ol B Vil peoppiiie £P -

detgjmaste@stfo@d dhey aisd hyve supessiomsve fittecibinen t=5 ddigomatited by

P A5 ) PGl F BB L B o

vi ashbsist gntildaatadbiibedepkegs o reconuSended &atiae it klitirgulating”

the B cto
s ofPber b Blnes ek e R oS rilypt Poatos. ana
7. @&mmm@aﬁmemuzemmw mayadisd 06 Osed 118 plato and anti-friction
PYULYin P measured by ASTM D 5950-02. 15 The Group |11
base oP fracti ons have neasurable quantities of
unsaturated .. nol ecul ed neasured by FIMS. In a
preferred enbodi nent the . hydroi sOreri zation
dewaxi ng and fractionating conditions in the process
of this invention are tailored to produce one or nore
sel ected fractions of base oil having greater than 20
wei ght percent total nolecules with cycloparaffinic
20 functionality, preferably8reater than 35 or
greater than 40; and a viscosity index greater than
150.. The one or inore selected fractions of Goup Il
base oils will usually have | ess than 70 wei ght
percent .total nolecules with cycloparaffinic
functionality. Preferably the one or nore sel ected




nmonocycl oparaffinic functionality in the Goup ill
base oil fractions of this WO

2007/ 075830PCT/ US2006/ 048676 i nventi on provi des
excel | ent oxidation stability, |ow Noack volatility,
V89 208075835 desired additive solubility and elPA3(Wa#6/043676
conPatibility. The Goup. Ill base oil fractions have
a wei ght percent olefins |ess than 10, preferably

| ess than 5, nore preferably less than 1, and nost
preferably |l ess than 0.5. The Goup IIl 5 base oi
fractions preferably have a weight percent aromatics
| esgurbinerOif. 1, nore preferably | ess than 0.05, and

ferab 0.02. f d .
oo RE s Peldhe Bthe s pRrtisteunsl R At EP diee riswdating oif..
t r Rddaase b excenént ®98alidipstabilif2 thosp hiibRicabilsyarb@ehsidered
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r cent the have_a tract.j.on
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eqigtiratic ﬂum@nmmo efrémiﬁtnﬁg’lblls—sﬁbho&gpépé{%ﬁbﬁﬂﬁﬁﬁlbC All of

Vi erein Ki nefmat.i.c Vi scosit
T Rrbie eV peEers drae Ak ASpurant corcentate. The
betprefenred tdibirenci! 80dikiGE paskahesherngerartRoéd Gt e optlm:zed for

coef f € ured t aver rollin
10 %Olr‘ré e"’{rﬁsd %Eor 5 Ogs siugung 8ﬁggpft"’ﬁd’ﬂ ga s ﬁf’? available
peICOHmel'Caﬂ]d fram addltmé n%dfhmurms lnﬂmdm‘ﬁl EhedbnthesRe, Ciba
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o SERCAR) AT L AN R e e Ot
Apeikidafien sEodity ls%elmoﬂr:afpemaadpmmbﬁ@ldmme BREMBe rotary

| ol ol R o RRAEA 163 (ROFIST b2 ATl L2205 Hndine Tirbine

151 uSHl Stabilitygest ﬂTO$’ﬁé)y(B<$'ﬁMtibr94BND4@f) arélmaseioatterdmon oxidation
G &F ' t er..t.h
ho% Hgérde% y f{;‘?"éa er&? Ran ho%g‘\’i%ﬁ s 3f phags 'm"en?on have

pr exidation 9tagmyas excedding4iossy omamerémrmnertﬂs nTahﬁ with Group Il
Ocipfiat
fracti o rggér%q %r@nﬁo&ﬁk%ﬁt&‘i‘ﬁ% fé‘l%sdll h f?ﬁégn edwtipgn will have
Ox fefafts in B rotary Rf@wefm@ﬁselmdatonrtemy ASTVED 2272-02: at
20 oxhg@tc SkAdA p Ill base oils. The
Oxi dat ogﬂ%N tﬁg{sat ?%O(gfensﬁtlg ed by Stangeland et al. in
U S. Patent 3,852,207. The Oxidator BN test neasures

t hers @5 HANCM BRsOWdat i on by means of a Dornte-type
-Oxygen absorptlon appar atus. See R W Donte

ereid | dnape INkpse ofp ase defirilisx AP BPuUBiCadiad 1509. In the
engémer df@&s@%sﬁlréhro%l . pale o‘ﬂ@%?e 28 Be %ﬁg’ﬁ?at have greater

Nor mal | the conditions are onearmsp er

25 ox%@r?o\é‘ﬁ"%%#‘ra*ﬂﬁe lgssdhipn J Owtde pegsontiasd ai wnsmﬁv s*rcienx greater
© abgeihbi 200 Bks HharDd. 0w R aef T bre J;He& f&%oQé'uﬁiB%Qé oils of
BN test, 0.8 WD 2007/ 075830PCT/ US2006/ 048676 m
catl ¥ %?"tr%' Fsedrayer evegtiahaumbensi cathan atorsd Grovie I base
pasilagre dlﬁerbﬁﬂfrélﬂ\e@rédb A8r@Greud Wen £ GilsY Shhidia defined

m xture Of, met al _napht henates i n kerosene.
Thaeiel o Y e ieBren fo0a. ThefRtaverHtasexilsseds the

30 t hebAyRINgAA sfhilindaMarraR rﬁ&dé‘%ﬁ\ sﬁf@m&q@é& @hbwé;@efeed
IeveI qQf netals in_the cataly is as 5°foll

piha the pretics of this inentioy vwsgewﬁiiy cpmpise 38!3?-‘35_5060
ppmghi\mgaﬁm@araﬁﬁ@ [W¥eferdbh graS@htHNE0 FRfyAgdiddny 6.
package is 80 mllinoles of zinc
bi spol ypr opyl enephenyl di t hi o- phosphat e per 100 grams
of oil, or approximately 1.lLgrans of OLOA 260. The
Oxi dator BN test neasures the responle.of a
| ubricating base oil in a sinulated application. Hi gh
val ues, or 10 long tinmes to absorb one liter of
oxygen, indicate good oxidation stability. OLOA is an
acronymfor Oonite Lubricating G| Additive(r),



percent based on the total lubricating oil of the

sel ected Goup Il base oil fraction. Preferably the
anmount of selected Goup Ill base oil in the

| ubricating oil will be greater than 15 wt%
WRBrYC2%hg oi | of this invention conprises £CT’U52006"°48676
viscosity grade of 1SO 22 up to I SO 6.80. The |1SO
viscosity 20 grades are defined by ASTM D

2422-97( Reapproved 2002). Antioxidant Additive
Concentrate: The lubricating oil of this invention
conpri ses an anti oxidant additive concentrate.
Anvatitamnddnara preéerablycgretestian 0 Mﬁmer@w n- paraﬁ“ns
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inhi bitors Exanpl es of hindered fghenol . (phenol |c?

5 oxMidt bR PAMEMIANGY setralerpyderived feed, such as for example, slack
2, Grali o @Haﬁ% Mbmlﬁﬁ%m deyhtheid f%ﬁegﬁc}pa§(f%r Bx&thple, a feed

tert-butyl pheriol),
menﬁr% iroel aiFischer-TreRsphpaissis. Amgiorostion pbtheyfeed
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2, out therinyentien-typisall WiHldtayp arsiniishprunieipt above 0 degrees C,

2, fiore S8LHMYHSRRE1 B Usgbe8-¢li met hyl phenol ),
2, 2' - net hyl ene- bi s(4-net hyl - 6-cycl ohexyl phenol ),

2 6 di-ter Nputyl 4- et hyl phenol

aartﬁ%r trﬁﬁb —Tép?seotdﬂqaﬁ %egig HEnFT derived” means that the product,
15 2 ﬁachtort er fedd diiginateg! feorh fﬁ:@ﬁppl@de&&ii at some stage by a Fischer-

m}ﬂsﬁ %&%‘fdrsﬁ\(g{\hﬁ fegdg&f-wgf ||ﬁor netﬁ%pg&eproc)ess may come
2 Roim "‘DW'CE( km loy hyﬁotﬁfﬂonbdétymp Rasapatdes, :ncludlng natural aas,

drox /5-tert yl ben
T e L O T B e
: emtmﬁblmatlbnmfharhef anti oxi dant additive concentrate
conprises the oxidation inhibitor 2-(4-hydroxy-3,
20 5.di-t-butyl benzyl thiol) acetate, which is

. av8iacRNa mbstaathéd/fraﬁpéa@ehao@%@t@léam @Eﬂ%@?&eﬂstocks
at 54 W‘h Pl a ns 15 Road, Ter r%% NY 10591 as.
R%S@rL VP@?‘F}”‘C ing @7 by sofveEt refiinget b ‘P%Pﬁuf’ta&?o”
Aduwncmablaek vabhiereddiesd abnxbidat duwadivid f@éd@fcﬁ:kﬁli)}‘epared
Wsed |ﬂ1the anti oxi E' Ht addi.tive co:ﬂcent a
?T‘%H& 5L YAEFHFS NP9 YT ”Wsﬁﬁ Y REFie[E G’@&ause
25 t hisycRBcraeRingvall alo ﬂegbbda u@% hi@gehlcanteht 48 habvabRIL With slack
servi ant i.oxi.danpt It)]ve conceptrat ma
i YRR TP a SR Tantediof, deglinaeE Rt Sos b e the
: Id rrlntrbgmcgnﬁem TElydlotdisting @f idoslaek evakeag:. be asdto lower the -
1t.hl ocar

B??/’P apa @kﬁ%ﬁbgﬁ%tﬁ{j ggcq%?%%es posses a very high viécdsity index,
dl m:hrkr}dllgiiim Hicopngepitdten adndt G4 ey, a:fémdmg on the oil content

Di ey 9x ion i ncl ude. but e
30 EF"QF ﬁéﬂ Eem eln?yfr%’l'fne"& gtlgg S%gﬁ)\/nfa was prepared altherefore
pmiamgk Wakwafe stz fdrahe pezpaation of Group III base oils having a

.thylam ne. In sone fornulations
a Sy |gg'| s§| c&gqﬁ@ may be observed between

di fferent oxidation inhibitors, such as between

di phenyl anmi ne and hi ndered ph€nol oxi dati on
inhibitors. 30 Preferred anti oxi dant additive
concentrates are ashless, neaning that they contain
no netals. The use of ashless additives reduces
deposit formation



- WD 2007/ 075830PCT/ US2006/ 048676 and has
envi ronnent al performance advant ages. The renoval of

zinc containing additives in the lubricating oil is
esE[gci ally desired. The anti oxi dant additive
VOAVERtFH! e may be incorporated into the IubPFE@@?‘H@"“”“

5 0il of this invention in an amount of about 0.01 wt
%to about 5w % .. preferably from about 0.05 w %

to about 5 wt% nore preferably from about 0.05 wt %

to about 2.0 wt% even nore preferably from about

0.05 wt%to about 170 wt% 10 Viscosity I ndex

Inprovers (VI Inprovers): VI inprovers nodify the

vi mmaw el fa@eﬁmrﬁfms%ﬁwsﬁnm g}éfembmé:e@g tﬁeﬁﬂyg' phfh total

the rate |nn|ng W t I NCreasi n Qﬁeratur
t h@om'&e%vaa% r@@ﬁusnb‘uw Nitrogew is éne@éum byemeltig the waxy

' ”Péé&’ BFir toBicRRYe %%\%ﬁoﬁ a0a r&:‘h%ﬁnlﬁﬁﬁﬁé!dé%@ﬁ ?éct oft by

rovers are

h tenperatures
s ub Séfc!\% &465‘33 -RecHAsitest mwo@eg M@mndﬁscaw roUs 8 503,956,
shiorpérafid k8IS QeI i€ r Ru fEcﬂBy Pl r\ﬁé&é{ febliPior to

pressures enerated I n |1 C syst
fI yiteryiqlet %ﬁce\ns@@y% WMdD H633-6D. %te@un’;aihmwerther

CadesSitlddihdS M g ifcdrPofae® nbiby hydraulic

system and shear May bring about permanent viscosity
loss in lubricating oils. 20 Generally VI inprovers

10 ar Qv fedal %Qé@l RY B ThCo PRIV AR Sxpdcidd ©dd M!eﬂt:ﬁfl hﬁ% reiatzvely

honoor co-pol yners . or derivati ves t her eof
av 8?%@9%’“?‘;%@8% inthepeayutuse as dysetscakobigcher-Tropsth ISMinthBSIS

at ProcesBBS omBIihts drealidtionY! SYHIRLAY Blchafd® frgﬁp%qiigé’hern
ged to lubricatin r(IJJ oils_at” concentrations from

[Rpsg R'BCORS SFoRTISFRe Mixtuic.h Yoy sriiddiswich gndraseous
| uhydroahibtgs OThodedF Bh&HIT dp8ith PFEHRES RHIHB & ikhiR 'tigé‘ range of

era ures_than low, thus keeping the viscosit

y
15 ch%ﬂﬁ?&&? 19 baze Pl EPTtaYR high Rroperiss: fiwiewhishanakes them ideal

coeaﬁcaaatets harpmagéﬁn@trh@@mas mgaw@]wﬂé&m.ﬁa@ FhaRge
i Nn__Vi Sc wth te erané¥§ is comonl Yy represented

byTFWéC SPISPENRR Cxcqlign] fesr 1an Praparipodigh puglityGroup il
OI basa/\bild‘lad:cﬁfr@ﬁg‘tﬂ: tHeepbeedd OF tHERUEA . |Fﬁ’s°c$leWTtr$bsch wax is
han the viscosity, of oils with | ow VI
n%’{'"% @éfmé?meﬁﬁgg'&a WPS?W'B%F@PI%{(%IH?@@OW
20 poleyrﬂml tratmdrmﬁéymbﬁ a@fpourlﬂ%irh@fiﬂ/dl@kfp@lﬁﬂ However,
ate esters ol yners;
o D RS S sORaR B ST o g SR dstived Group I
C Oipaday oily lsawmdxmle;nt mﬁryﬁaﬁmrewopm@#ﬁy&) t%pared A
O S DY ALLBBHS Bfle Bl € P i S R OfeBlhdha Mbesses ma
rover Pva'fl T MY E R P8R e\”?ia f“rﬁ’p'? 89%‘7’ y
vmlmfwmhn am PptrdaNdsubctIHess and i5cz825058) ARl lgsa#atteﬁ& '
. Su D bricating oil of the .
2.5 6@5[&%9% @5?@4q&ﬁér}]c£8$cgja€&iﬁerﬁr}éfgr ably | ess than
0.4 % nore preferably |l ess than 0.2 w %f VI

| Wm@ K e{nz@ ?III il Qajngvéohgy ch{abﬁﬁé {hr(]egwaxy elSil0a

I mp over
hydrmsomenzat:on catalyst in an isomerization zone under hydroisomerizing

conditions. The hydroisomerization catalyst preferably comprises a shape
30 sélective intermédiate pore size molecular sieve, a noble metal hydrogenation
component, and a refractory oxide support. The shape selective intermediate

pore sizé molecular sieve is preferably selected from the group consisting of

11 -



10 Specific Analytical Test Methods: W % A efins:

The W% A efins in the Goup Ill base oils of this
invention is determi ned by 15 proton-NWVR by the

following steps, A-D A. Prepare a sq| uti

VP 2W78596%f the test hydrocarbon in PCsHbsi048s76
deut erochl orof orm B. Acquire a normal proton
spectruth of at |east 12 ppm spectral w dth and
accurately reference the chem cal shift (ppm axis.

The instrunent nust 20 have sufficient gain range to
ac%éire a signal wthout overl oadi

RS ABAP (¥t SAPEDAACEMB. BIVE2, 2R, ZGM-36h BSM-45,
| NFIMUBEN B SPUSH &%ﬁeafén.&.fgvgm 3 ooR rha%ggtmé%r O8APO-11,

" dynam ¢ _ran 000. Prefer nam ¢ range

wi 5 ﬁes%g@o@s@rzm combmaﬂons@%e@m ggrggreferred.
| nP@%@ény rt“eeﬂélbﬂé'rﬁét)apﬁ&%gﬁﬂat?:ﬁﬁc&‘ﬂpéné’rﬁ% ;;%Itlﬁtxh{%alladmm,

2.2 ppm (saturate

5p °U§P'ﬁ‘@"’tﬂi@nﬁr§m%’§9far wei ght of the test substance
determ ned by ASTM D 2503, calculate: -- - WO
2007/ Q75830PCT/ US2006/ 048676 1. The average
ol BedvaFoipeneiiriag spndilens searad on thy weow deeidpsed, the

Th ﬁ*@%ﬁcﬁ‘ﬁ&d@tﬁ%& stiReAUhvReMer bR RioPliRf d édl§!yst is sulfided, the
he total . ntegral intensity (sumof al Integral

| n?%ﬁ'ﬁq vield, ang thefidesied 8&%”‘@%9@%@ @"Plﬂﬁ'éﬂ l’-@éﬁmﬂe Preferred

10 hy Hy @ofitimd@imd chbid iﬁ&’i@héé’fﬂﬂ‘h%e hirrBHEROgRIh inﬁlude
ol efin hydrogens (olefin

in %P%)@quﬁﬁgéﬁﬁp dﬁgf %:}B@@ﬁyt 413 degrees C (500 to about 775
6 ddfiecaunbanonl F@é@br‘eeofbﬁ‘ﬂﬁmﬁ(ﬁpbﬁb' Qndﬂemrye&?qbﬁ /fB8d ratio

efin _fornmul a %

drogens. i n
o RS bt 3035 B L R At aboubiby Sboih
t | wmmal,mwefy‘ram HoRgapsui 4 teabyitis MISCH/BHI. L Generally,
5m) ecgrul e dl.wjded béﬁ ? nupber (c)if h drogens in
t yPYUReSp &l be sp0ptted g rpdUctAnC LY R, B s isemerization
byzgrieat on NVR cal cul ati on procedure, D, works best
when the %olefins result is low, |ess than about 15

wei ght percent. The ol efins nust be, "conventional "
ol ©ptiosally, tee Gaoub Ki bm@brﬁﬁrdnwcbdﬂﬁ IkirdiBo@erization dewaxing

ol r%];ly%et i oerof nished. The hydrofi nlsh:ng may occur in one or more steps,

20  either before or after fractionating of the Group Il base oil into one or more
fractions. The hydrofinishing is mtended toi lmprove the oxidation stability, UV
stablllty, and appearance:of the product by removing aromatics, olefins, color
bOdles, and solvénts. A general descriptioh of hydrofinishing may be found in
US Patent Nos. 3,852,207 and 4,673,487, incorporated herein. The

25  hydrofinishing step may be needed 1o reduce the weight percent olefins in the
Group |l base oil to less than 10, preferably less than 5, more preferably less
than 1, and most preferably less than 0.5.- The hydroﬁn‘ishing step may also
be needed to reduce the weight percent aromatics fo less than 0:1, préferably
less than 0.05, more preferably less than 0.02, and most preferably less than

30 0.01. _

The Group Il base oil is fractionated into different viécosity grades of base oil.
in the context of this disclosure “different viscosity grades of base oil” is-

- 12 -



havi ng hydrogens attached to the doubl e bond carbons
such as: al pha, vinylidene, cis, trans, and
trisubstituted. These olefin types will have a 20
detectable allylic toplefin integral ratio between 1
WRG'HHAGHE? 2.5. When this rati o exceeds about P§1/1j5006/048676
i ndi cates a higher perce.ntage of tri or tetra
substituted olefins are present and that different
assunptions nust be nmade to cal cul ate the nunber of
doubl e bonds in the sanple. WO
20071075830PCT/ US20061048676 Aromatics Measurenent by
HPIdEfitt as o pe e hesedilsalifiwimuin&ineonalievistssigfat 100

t h
o EEBAC ohlath LRI AT A ABELE kBRI DR
Pa@k%aaufrqcbgwnséﬁw 44bMn a‘fryc@rmngns dHnghusmg a vacuum

Eglr?gﬂ Wi h a 1‘8%89‘@?’0@@%@&64%5“@ réﬁ&i‘% Sect or

Sinterfaced to an HP Chem-station. ldentification of

thepientlly gqu %'a.séfda dti%ng l\t\ﬁifgff)ﬁ:aw hél}’é ag&&{}k)girgé%sissthaﬁ zero

sat ur-at e ase ol | $ was’ made
of degeses @\P @talrrlmth@aouravmmawu beHes$s thainutli0alegreesC.
|
AR RSy R0y 1 e
ba§’ia§t“2ﬁ willhavee? Fatia ﬂ@oowm@ir iﬂ(dﬂgr eRF @cm tlazltlhgmatuc viscosity -
10 doypkegp E@@t@e@ l{f'hf%rc)St %r@éfer tl?g’? a%a@ l ﬁoﬂg F%Ef&mlligre the

cont ai ni ng nol ecul es’ &l ute first, ovved

poBpes &k Rourfoaries isdgfinedhydhe @ﬂuﬁm eBgsea QDIUB@M Factor = 7.35
bogd l+@gedpriaar t

o ADftE Mie g 2 b0 ERN o2 RNIR iR i fasthdl b D
suB2P9C4t i on on the ring elute sooner than those with
napht heni ¢ substitution. 15 Unequivocal

identification of the various base oil aromatic:

S hy e CIpye Hi Prse Al frstipnevawp Steasurrkde gpaniiies alamsaturated

acmmiulefshaaaé@@a%y FiNg. IhatpréRekl eBKdiR]eRE oI C
6ﬁr|t|ons were all red-shifted relative to the pure
no

OEMsSEAECH ASIGYINg At Badlivyetiag gepditaesin bie Rreeess of
anmikinvetict i tadbredRBTbAEEE 6ns YPaldrE léblé?ﬁ?ecpﬂa&%s of base

[ oOBERES SR aep S el pasnu Eligh DS OR L Fy dlRATaTinc
20 - efmgtgd;rﬁhw Ipﬂefb?@alﬁrgﬁﬂébggtdﬂoiﬂﬁgg @'beglﬁ‘elﬂ' tlf‘;ﬁWﬂ(]) and a viscosity

B Bt iige T thG oGR8 e Reipead Tiacliels of Group i base

exgBovi d:saansy BdEeIasednER 7 0aldigi pdrbentibizl %cﬂé&nes with

arp tlc i de antitation of .
el ‘ai P%“%If%b Effg w% RE e mﬁf%@?'ﬁﬂeﬁg‘raz@ons of
C h@mm:tldgraaﬁmllrmﬂmdditmnam%ebe Bgahs o@motaa;mégwfutﬁr '

25 7 PBORbIRrainf RbupRal ettty mbkPapitii

t ﬁnactmrmumgrleamrtthah@m eaclbremraéfaémOelrﬁé@tswné may be no

aneE Bt TR ottt b BBl s Thn i o

t imeleculed vadsingnongclopanaffirac funetiapality ps radiecBeowihi C

RS e ol 2L

30 'exceptl ons, only five classes of aromatic conpounds
ted AP 0 [l and

e g@gg@eéeggf%a UL P B S oA Wi 2
2007noFsRPaREINICIR0062 8 6iNahelEr6upMI Babt hildtzictions of this
HPLC- UV is used for identifying these cl asses of
aromati ¢ conmpounds even at very |ow | evel s.
Mul ti-ring aromatics typicatfig-absorb 10 to 200 tines
nore strongly than single-ring. aromatics.
Al kyl - substitution also affected absorption 5 by
about 20% Therefore, it is inportant to use HPLC to
separate and identify the various species of
aromati cs and know how efficiently they absorb. Five



from' pure nodel conpound m xturesbased on the

near est spectral peak 15 absorbances to the

substituted aromati c anal ogs. For exanPl e,

al kyl - Cycl ghexyl benzene nol ecul es in base oi

VEQH%W%%? 3| st?/nct peak absorbance at 272nm PﬁleSZOWM%%
corresponds to the sane (forbidden) -. transition

that unsubstituted tetralirinOdel conpounds do at

.268nm The. concentration of alkyl-1-ring aromatic
napht henes in base oil sanples was 20 cal cul ated by
-assumng that its nDIar absbrpt|V|t¥ response factor

at WVESHAT REQVdgRPsalRat exigatiQalebily. o Neeck velatityaps well as

. ab%@&ﬁéﬂ ‘éﬂ&MV@Eol@l@ﬁ%n@ @iéé%rﬁéﬁé’orﬁﬁé’ﬁﬁliﬁ?errh% Group, III base oil

51 oPapR fiR6!

| awi ol ots. Wi g percent concentrations” of aromat.i c

wef@cHans v weeght@ﬁ%ﬁﬁtr%eftw??@ Henalib pagterably less than 5,

rmlml préEferd g Rissfthan aaghd %ﬁ&l’f%tréﬂrabw less th§r|1 a5 1‘*@@ Group I
roxm&tel%ne qual to the avera ecul ar wei ght

Brefebly Rave 3 waighe pereqrd aganatiesalesathan 0.1,
Meihae, pherrdily lRethamlos, e dMosiSRbrrang 1I6deinAnTd 68
aromatics directly fromthe lubricant base oils via
exhaustive HPLC chromat ography. Calibrating directly

Wi I pidiesed @mtm@ﬁtsemermﬂﬁtpem Be @ﬁ@a&%bme%nﬂacnon
uncer\%}aj ntkgg ass @ ted with the -nodel conpound

°ogg sarei?@@fsate@ﬁmﬂmovs%wléo Haﬁb% more

101 opesferabfpless tharask @juaﬁh@ﬂ 01 weARhe8QUTBAWRE kinematic

20

25

beCause- e hi bstlt ted. WO
TR SIS st il oo Tuate o bE Brreay Fysteraply they
ac baffataeiaptlﬁﬁbllcbbﬁtateﬁt 18w thEh GnlAmomithrdinet t]ICne equa’ﬂon

St tut enze [ CS were._se arate romthe
b U PRt Corricien s D £ LBLOSSm AR Vs oainar 6,007, Wherdin the
s eKingpnatjzaiatosity ddfing thaitiactid cobfidRn® mGRURd AcHES between 2

SUTRYENIY AT SR TR o —
gua'md]g épﬂddayﬁajnhjzerb\mr%ﬁeﬂmm 2 Qi) rb@r@ﬁd Uf%p@fce&t and a

oy R 2R FBRE  EHP bI8h o} s itrtlefas asmrpbiraciior are
n taengaha% Ha&rrtd%nbleaphaﬂmmﬂjeraﬁimuzaﬁegoiﬂ filed April 29,
Wbd] 'min. Colum eluent was fractionated based on
t hé det ector response froma dual wavel ength W
detector set at 265nm and 295nm Saturate 10
f r oVRiEedRInBodigIaris waergrihe olefirearxb aramatinsordrdernte are

Shﬁ@ﬁi‘ﬁc&t@h@ﬂgﬁ 1 I&r@énﬁm DiRAGEIH b e It\i@ﬁcgftng oil, the

si gnal ed. the onset .of S|ng ri'ng aromatic el

si Hat @f%%05%1%&'@@??‘&rﬂuad”memlfra@@p@dvmhe|greathethan 25
alerQ%k@ﬁaré@ﬁ;‘ng@t%“WB@%ﬂF@ She S iy ng%?@ﬁé?ﬁ-uatr&lo or

. indicating the onset of two rlng ar o
e|%r{%'b*ﬁ1 hes 11 W'é*ﬁf%fr%\'%mﬁ atlpeisddrround! hiaggcdl fraction

TRl tASieARHeCIedS tharpeb IHOUr$\e® XIS BN js a convenient way to
by. re- chromat ogr.aphi ng .t he nonoaromatic fraction- -

a\/\'lﬁ?a? WEring ﬁé'dat'ai* |srq¥gi'fv§>£ﬁjpav dibase pils. ohhauiixigator BN test is

r amﬁcheadbymhy@éh@edbnm Ue. Pkt 89kpI7. Tﬁhéomatoram
%lfled aromatic . "standard" showed that alk
S

stineaswes Ahe irsieianes t?ﬁé*daﬂon Y IS %f&@pmtwmajoxygen

I estponstibr AaRsatuly StoRt V\ZQ%rh@é By idrPof White Oils,” Industriaf
uns%)ét ituted égt etralin.
ngineering Chemistry, Vol. 28, page 26, 1936. Normally, the conditions
are one atmosphere of pure oxygen at 340°F.  The resulis are reported in

hours to absorb 1000 ml of 02 by 100 g. of oil. In the Oxidator BN test, 0.8

-14 -



Confirmation of Aromatics by NVR The wei ght percent
of all nolecules with at | east one aromatic function
in the purified nono-aromatic standard was confirnmed
| ong-duration carbon 13 25 NWR anal ysi s,
VE%%‘I”QW’?%’ calibrate than HPLC UV because it E%ﬁ%ﬁ‘%mﬁ%
nmeasured aronmati c carbon so the response did not
depend on the class of aromatics being anal yzed. The
NVR results were translated frorri.% aromati c carbon
to %aromatic nolecules (to be consistent with .
HPLC- UV and D. 2007) by know ng that 95-99% of the
ar Othef catalyst impspd perstiQeramsiof eiband an@dsiive ewkage &

Vel R ddighens g -
| Tﬂ%%’%dr%? g rﬁIPture of solubIEf meéal naphthenates in

20071075830PCT/ US2 power
dukerasene- Bl rjeyte ghgféublﬁén%tﬁhn%htbemf% sifaeties the average

ac fid AL Ay LB LY %ﬁn@éée%: oM 11 BF %éia"’}é HRe c,fatalyst is as

nol ecul es.” Mbre specifically, to accurately neasure

5 I oW”PWepé’PBPr A0 Y opraLl s T83prme derdon80,208 ppm ;

bﬁeéé@ QSO 2?"!’\"“8565 BSrs Had it E%'QQQS 80 millimoles

net oawas l.vea m ni nmum car

sefl7ipp \lemoradwwﬁ%y dithiPnpesaivie Bepi 6@ grares Bf ofl, or
388pproAiRaiBfU 1 HHEREIOIGA 280, arréeoéxér%r%ﬁ YR dilles the

a 10 12. mm Nal orac probe was used. Acorn

i nfes§Pase of aé@}?rf%m@ bage qildad Sipulaied ﬁ@ptuwém@h dpah yplues, or

10 t hRnbapedd ﬂﬁa@eﬁﬂb PRIt S Yeh, ﬁh&ﬁéﬁg §ood BRIAERG | Jst%‘bmty

15

20

25

30

fregUenCy was Changed once during the tun to avoid
artifacts frominmaging 10 the aliphatic peak into the
aromatic region. By taking spectra on either side of
t h@LQzﬂr isi &y acpagtrfar Clrdamter EstaligatingrOiadditinp®owaith is a

T e bl R S S OBt Con vere

characterized by Field .lonization Mass Spectroscopy

ke g PR BT Vo

nopercahiesasent drntheciokal flutaritating Lilve shel eé[&&fﬁd’ﬁﬁb@)’”f base oil -

FI ' d
DA R
oflUbh@tbwl ‘dllflbet grE‘bterttbam a8 wﬂ% eg]f teslsbdegting @it f this invention

T8 §IRELLA 852 86 o ! " RPlgBony

m@w‘aﬂ@aae@deﬁm By AsToAD mz—we’@@mo\teﬂ 3002)r 600C
at a rate between 50C and 100C per minute in a mass,
spectromster operatl ng at about 10'6 ton-. The nass
s paHiaxdant Addifye '!.-'uul‘-cw rn/z 40 to nu z 1.900
atTh’%e iBkSatilg ol @fqﬁig QSS F?a‘?\tl H adc“t{ve

spect r onet ers used was a mass

RE9pSABIEAEE Anliorgnst Nﬂm\@ ¢omﬁatm@ pmm tov\mrsm:ze and delay
asfE BRGet & ISHchnP oxid4ff (!Iél:ﬂ'&d&‘ﬁdrﬁ Cgllr.l fein dd mgcjlment the

determ ned from area percent
spEtieKigdakrdditmeansenatgidhigtiaveien’ !ﬁ%ﬁ@fg@dse one or more

S Wﬁ?dérégbhghsl ot éioﬁ@ﬁ“lbﬁ’cﬁ'% e F&'alnﬁfl of Hﬂnﬁeﬁ!ﬁ’ rf)ﬁgdo‘? n(ghen olic)

were characteri ze M5 into anes an [ ecut

wqxrﬁﬂaiipnf'@'ﬂ'éﬂ?rsnuﬁﬂéesZ Grdidae-hubyipbenmsd 4 rmetindene-bis(2,6-di-
Wé@%ltﬁﬁhé‘\vﬁd!ﬁ 4@%@2@&4@%@@@%9r@atyi%@é h%'?‘yl-@éért—

be conprlse raffins fins

ardhgeienol), |2f2’a%%dqn@sb' @eﬁ?Bé@etﬁ’ﬁ“tPW@ﬁgﬁPlﬁl cant
4,4 butylidene-bis(3-methyl-6-tert-butylphenol),
4,4’—isopropylidene—bisfz,s-di—tert-butylphenot),
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WO 2007/ 075830PCT1US20061048676 anounts in the

| ubri cant base oil they would be identified in the

FI M5 anal ysia as 47-unsaturations. \Wen ol efins vvere

‘ﬁéesent in significant anobunts in the |ubricant bas
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[ ubricating oil formulation with the desired base oil
of this invention. The desired base oil of this
i nvention has greater than 90 wm % saturates, |ess
than 10 wt% aromatics, a viscosity index greater than
120, less than 0.03 w % sul fur, a sequential nunber



When a portion of the original base oil is replaced
with the desired base oil of this invention the RPVOT
test result is inc¢reased by at |east 25 mnutes, 25
referably by at |east 50.m nutes, nore preferab
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ba§'§@U‘F'| 80W&-- Tropsch wax by hydroi sonerizatin

dewaxi ng, hydrofinishing, fractionating, and bl ending

to a Vi scosnt); target VThe base 0| I s had the 15

OB HCp

VI improvers modify the viscometric characteristics of lubricants by reducing
the rate of thinning with increasing temperature and the rate of thickening with
low temperatures. VI improvers thereby provide enhanced performance at low
and high temperatures. VI improvers are typically subjectéd to mechanical
degradation du_e to shearing of the molecules in high stress areas. .High

© pressures generated in hydraulic systems subject ﬁuids to shear rates up to
1{)78‘1. Hydraulic shear causes ﬂlji;l temp'eratt_sré to rise in a.hyéiraulic system

and shear rﬁay-bring' about p'énnanent viscosity loss in lubricating oils.

Generally VI improvers are oil soluble organic polymers, typically olefin homo-
or coipolyr-ners,or derivatives thereof, of number aver-age rmolecular weight of
about 15000 to 1 million atomic mass units (amu). VI imprAO\‘!ers'are generally
added to lubricating oils at congéntrations from about 0.1 to 10 wi%. They
funchion by‘thibkeni.n-g the lubricating oil to which they are added more at high
temperatures than low, thus keeping the viscosity change of the lubricant with
temperature more constant than would. otherwise be the case. The change in
viscosity with témperature is commonly represented by the viscosity index -
(V1), with the viscosity of oils with large VI (e.g. 140) changing less with
temperaturé than the viscosity of oils with low VI (e:g. 90). -

Major classes of VI improvers include: polymers and copolymers of -

methacrylate and acrylate esters; ethylene-propylene copolymers; styrene-
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Properties FT-7.3 FT-14 Viscosity at 100C, cSt 7.336
13.99 Vi scosity I ndex 165 157 Pour Point, C -20 -8
SIMDIST (W%, DF 5 10 % 30 50 70 /90 95 742 777/ 858
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diene copolymers,; and polyisobutylene, VI improvers are often hydrogenated
to remove residual olefin. VI improver derivatives include dispersant VI ‘
improver, which contain polar functionalities such as grafted succinimide -

groups,

The lubl-'icating eil of the invention has iess than 0.5 wt%, preferabli; less ‘than
0.4 wt%, more preferably less than 0 2 wt% of Vi lmprover Most preferably
the lubricating oil has no VI improver at all.

Specific Analvtical Test Methods:

Wi% Olefins:

The Wt% Olefins in the Group Il base oils of this invention is determined by
proton-N MR by the following steps, A-D: '

A. Prepare a solution of 51 0% of the test hydrocarbon in

deuterochtorofonn

" B. Acquire a normal proton spectrum of at !east 12 ppm spectral width
and accurateky reference the chemical shift (ppm) axis The lnstrument must
have suff' cient gain range to acquire a signal without overloadmg the
rec:enver!ADC. When a 30 degree pulse is applied, the instrument must have
a minimum signal digitization dynamic range of 65;000. Preferably the
dynamic range will be 260,000 or more.

C. Measure the integral intensities between:
6.0-4.5 ppm (olefin) .

2.2-1.9 ppm {aliylic)

‘i .9-0.5 ppm (saturate).

D. Using the molecular weight of the test substance determined by
ASTM D 2503, calculate:

-18 - -
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Unsaturations Total 72.8 27.2. 0.0 100.0
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1. The average molecular formula of the saturated

hydrocarbons
2. The average molecular formula of the olefins
3. The total integral intensity (=sum of all integral intensities)

4. The integral intensit;} per sample hydrogen(=total
integral/number of hydrogens in formula}

5. The number of c;leﬁn hydrogens (=olefin integralfintegral per
hydrogen) -

6. The number cof double bonds (=olefin hydrogen times
hydrogens in olefin formula/2)

7. The wi% olefins by proton NMR = 100 times the number of
double bonds times the number of hydrogens in a typical olefin
molecule divided by the number of hydrogens in a typical test

substance molecuie.

The wt% olefins by proton NMR calculation procedure, D, works best when
the % olefins result is low, less than about 15 weight percent, The olefins
must be “conventional” olefins; i.e. a distributed mixture of those olefin:types
having hydrogens attached to the double bond carbons such as: alpha,
vinylidene, cis, trans, and trisubstituted. These olefin typas will have a
detectable allylic to olefin integral ratio between 1 and about 2.5. When this
ratio exceeds about 3, it indicates a higher percentage of tri or tetra
substituted olefins are presént and that d.ifferent assurﬁptions-must be made
to calculate the nuﬁ%ber of double bonds in the sample.

-19 -



. 59.0. 40.2 0.8 100.0 Total Molecules wth

Cycl oParaffini C Functionality 22.7 37.8 Ratio of
Monocycl oparat hns to Multicycl oparaffins >100 46. 3
Oxi dat or BN, hours 24.08 18189 FT-14 i S. an

VEXHHPESY the base oi | useful in the |ubric&FTHG006/048676

10

16

20

25

30

oils of this invention. It has greater than 35 wt %

total nolecules with cyC oparaffinic 5 functionality

and a high viscosity index. Exanple 2: Two

bl ends of 1SO 46 hydraulic fluid using the FT-7.3

ari-d the FT-14 were 10 bl ended with a commerci al

| | §epraatigsmbleanuianeent yAWPLEyYaul ic fluid additive -

271. W) 20071075830PCT/ US2006/ 048676
The method used to measure low levels of molecules with at least one
aromatic function in the lubricant bage oils of this _myent!on tises a Hewlett
Packard 1050 Series Quaternary Gradient High Performance Liquid
Chromatography (HPLC) system coupled with a HP 1050 Dicde-Array UV-Vis
detector interfaced to an HP Chem-station. ldentification of the individual
arornatic classes in the highly saturated Group Il base oils was made on the
basis of their UV spectral pattern and their elution time. The amino column
used for this analysis differentiates aromatic molecules largely on the basis of
their ring- number (or more'correct!y, double-bond number). Thus, the single
ring aromatic containing molecules elute first, followed by the polycyclic
aromatics in order of increasing double bond number per molecule. For
aromatics with similar doubje bond character, those with only alkyl

substitution on the ring elute sconer than those with naphthenic substitution.

Unequivocél identification of the various base oil aromatic hydrocarbons from
their UV absorbance spectra was accomplished recognizing that their peak
electronic transitions were all red-shifted relative to the pure model compound
analogs to a degree dependent on the amount of alkyl and naphthenic )
substitution on the ring system. These bathochromic shifts are well known to
be caused by alkyl-group delocalization of the -electrons in the aromatic'ring.
Since few unsubstituted aromatic compounds boit in the lubricant range,
some degree of red-shift waé' expected and observed for all of the principle
aromatic groups identified. ‘
Quantitation of the eluting aromatic compounds was made by integrating
chromatograms made from wavelengths oplimized for each. gén‘eral class of
compounds over the appropriate retention time window for that aromatlc
Retention tlme window limits for each aromatic class were determ:ned by
manually eVaIuatlng the individual absorbance spectra of elutmg compounds
at different times and assigning them tfo the’ appropriate aromatic class based
on their qualitative similarity to model cém.r\.)ound absorption spectra. With few
exceptlons only five classes of aromatic compounds were observed in h:ghly
saturated APl Group H and Iii lubricant base oils.
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package. The hydraulic fluid additive package

conprised |iquid antioxidant additive.concentrate in

conblnatlon with other additives. No viscosity index
rover was added to either of the two blends.:

‘?%F%M@Eﬁﬁbns of these two hydraulic fluid b|@ﬁa@EEWQ®w€M

sunmari zed in Table I'll. 5 Table 111 Conponent, W%

HYDA HYDB Hydraulic Fluid AW Additive Package. 0.73

0.73 FT-7.3 81.55 83.53 FT-14 17.52 15.54 PVMA PPD

0.20 0.20 Viscosity Index Inprover 0.00 0.00 Tot al

100. 00
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HPLC*UV Callbratlon

HPLC UV is used for identifying these classes of aromatic compounds evern
at very low levels. Multi-ring aromatics typically absorb 10 to 200 times more
strongly than single-ring aromatics. Alkyl-substitution also affected absorption
by about 20%. Therefore, it is important to use HPLC to separate and identify

the various species of aromatics and know how efficiently they absorb.

Five classes of aromatic compounds were identified. With the exception of a
small overlap betwéen the most ﬁig_hly 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
perpendicular drop method. Wavelength dependent response factors for each

" general aromatic class were first determined by constructing Beer's Law plots

from pure modef compound mixtures based on the nearest spectral peak

absorbances to the substituted aromatic analogs.

For e:xa-mble, alkyl—dyclqhexyibenzene molecules in base ocils exhibit a distinct
peak absorbance at 272nm tha{ corresponds to t.hé samé (férbidden) A
transntnon that unsubstltuted tetrahn modei compounds do at 268nm The.
concentratlon of alkyl—1 -ring aromatic naphthenes in base oil sampies was
calculated by ‘assuming that its motar absor-ptw;ty.reSponse factor at 272nm
was ép;iroximately equal to tetralin’s molar abso‘rrﬁivity at 268nm, calculated
from Beer's law plots. Weight percent concentrations of aromatlcs were
calcuiated by assummg that the avérage molecuiar welght for each aromatic
class was apprommately equal to the average molecuiar weight for the whole

base OII sample.

Th[s callbratlon method was further improved by [sotatmg the 1—nng aromatics,
directly from the lubncant base oils via exhaustwe HPLC chromatography
Ca[ubratmg directly with.these aromatncs ehmmated the assumptions and
uncertamtles assomated with the model compounds* As expec:ted the
:so]ated aromati¢ sample had a lower response factor than the model

compound because’'it was more highiy substltuted
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Corrosion@ OOC for 3 Hours |Ib

More specifically, to accurately calibrate the HPL.C-UV method, the
substituted benzene aromatics were separated from the bulk of the iubricant
base oil using a Waters semi-preparative HPLC unit. 10 grams of sample
was diluted 1:1 in n-hexane and injected onto an amino-bonded silica column,
a 5cm x 22.4mm ID guard, followed by two 256m x 22.4mm 1D celumns of 8-
12 mlcron amino-bonded silica partlcles manufactured by Ramm lnstruments
Emeryv:lle Callforma with n-hexane as the mobile phase at a ﬂow rate of
18mis/min. Column eluent was fractionated based on the detector response
from a dual wavelength UV detector set at 265nm and 295nm Saturate
fractlons were collected until the 265nm absorbance showed a change of
0.01 absorbance units, which signaled the onset of single ring aromatic
elution. A single ring aromatic fraction was collected until the absorbance ratio
between 265nm and 295nm decreased to 2.0, indicating the_bnset of twa ring
aromatic elution. Purification and separation of the single ring aromatic
fraction Was made by re-chromatographing tHe monoaromatic fractionr away
from the “tailing” saturates fraction which resulted from overloadmg the HPLC

column.

This purn‘led aromatic “standard” showed that alkyl substltutlon decreased the

" molar absorptmty response factor by about 20% relative to unsubstltuted

tetralin.

Confirmation of Aromatics by NiVIR:

‘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 being analyzed. The NMR results were translated from % aromatic
catbon to % aromatic molecules (to be consistent with HPLG-UV and D-2007)
by knowing that 95-99% of the aromatics in highly saturated lubricant base

oils were single-ring aromatics.
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HYDB are exanples of the lubricating oil of this
invention with very high oxidation stability and high
VI. Thetiigh VI was achieved 15 w thout any VI SCOoS
WRAMLTHH over because of the unique quality?

6@6%48676

base oils used. It is surprising that the oxidation

stabilities by the RPVOT test were WO
2007/ 075830PCT/ US2006/ 048676 as hi gh as they were

considering that the base oils that were used had
relatively high olefin contents, and Oxi dat or BNs of
| esttsgln mawepson dreationxang geod basalineandipa vareneeded to

%&@ﬁrdt@lp%é%%‘?e E?‘drﬂ&rﬁd‘d\ﬁﬁ“ﬁd ?%L aFﬁ' bnén‘i’ecrﬁ%é’“p

ase o or w thout 1 on of

V' 9 dpbcldiX th EEE‘.&‘é?éIY Mol Ioﬁ\)’\%lversélg’edql aiyics with at

using the sanme conmercial liquid zinc dravic

£} Upabtianei arometip Aunclion EYSNVAR, the siaadanbBe1a7:00 method was
Exgiddified to % e afrﬂfnrmgﬁ‘t é%ﬁg%@ n\%@v@"ﬁﬁﬁ)(@@ NSSI‘N? standa rd

bl ends are Sunmar |

I BaBins. E BVOICA1Scinms durmism @snen aiIoeseR e M with & 10- 12

Fl g M%ddrbbé‘ B Acorn PC integration software was uséd 16
deﬂne the shape of the baselme and consistently mtegrate The carrier
frequency was changed once d uring the run to avoid artifacts from imaging
the aliphatic peak into the aromatic region. By taking spectra on either side of
the carrier spectra, the resolution was improved significantly.

Molecular Composition by FIMS:

The lubricant base oils of this invention were characterized by Field Jonization
Mass Spectroscopy (FIMS) into _alkanes and molecules with different
numbers of unsaturations. The distribution of the molecules in the oil
fractions was determined by FIMS. The sarnp!es were introduced via solid
probe, preferably by.ptecing'a small amount {about 0.1 mg.) of the base oil to
be‘te'sted ina glass capiliary tube. The capiliary tube was pblac:ed at thetip of‘
a solids probe for a mass spectrometer and the probe was heated from
about 40 to 50°C up to 500 or 600°C at a rate between 50 C and 100°C per
mmute in @ mass. spectrometer operating at about 10°® torr. The mass
spectrometer was scanned from m/z 40 to m/z 1000 at a rate of 5 seconds

per decade

The mass spectrometers used was a M:cromass Time-of-Flight. Response
factors for all compound types were assumed to be 1.0, such that weight
percent was determrned from area percent The acqurred mass spectra were

summed to generate one “averaged” spec:trum

The lubncant base oals of this rnventlon were charactenzed by FIMS mto
elkanes and molecules with different numbers ef unsaturatrons The
molecules with different numbers of unsaturatrons may be comprrsed of

cyc[oparafﬁns oleﬁns and aromat:cs If aromatrcs were present in significant
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amounts in the lubricant base oil they would be identified in the FIMS analysis
as 4-unsaturations. When olefins were present in significant amounts in the
lubricant base oil they would be identified in'the FIMS anaty‘sis as 1-
unéatu}ations. The total of the 1—unsaturations,‘-z-unsaturations, 3 .
unsaturétions, 4-unsaturations, 5-unsaturations, and 8-unsaturations from the
FIMS analysis, minus the wt% olefins by proton NMR, and minus the wit%
aromatics by HPLC-UV is the total Weight percent of molecules with
c;yclcpégraffinic'functionality in the lubricant base oils of this invention. Note
that if the-aromatics content was not.measured, it was assumed to be less
than 0.1 wt% and not included in the calculation for total weight percent of

molecules with cycloparaffinic functionality.

Molecules with cycioparaffinic functionality mean any molecule that is, or
contains as one or more substituents, a monocyclic or a fused multicyclic
saturated hydrocarbon group. The cycloparaffinic group may be optionally
substituted with one or more substituents. Re_p'résentative éxamples inciude,
but are nc.ft limited to, cyclopropyl, cyclobutyl; cyclopentyl, cyclohexyl,
c'yclc_Jheptyl, decahydronaphthalene, octahydropentalene, (peritédécan-.fs-
yt)cyélqhexane, 3.7, 1‘D-tricyc[ohexy!pentadecaﬁe, decahydro-1-(pentadecan-
6-yiiaphthalene, and the like. '

Molecules with monocycloparafﬁmc functionality mean any molecule that is a
monocychc saturated hydrocarbon group of three to seven ring carbons or
any mo!ecule that is substituted with a single monocychc saturated
hydrocarbon group of three to seven ring carbons. The cycloparaffinic group
may be optlonaliy substltuted with one or more substituents. Representative
examples include, but are not limited ta, cyclopropyl, cyclobutyl, cyclope_,-ntyl,
cyclohexyl, cycloheptyl (pentadecan-6-yl) cyc!ohexane and -the iike.' ’

Molecules wrth multlcycloparaffmrc functionality mean any molecule that is a
fused muftncychc saturated hydrocarbon ring group of two or more fused rings,
any molecule that is substituted with one or rnore fused multicyclic saturated
hydrocarbon ring groups of two or more fused nngs or any molecule that is
substltut_ed wrth more than one monocyclic saturated hydrocarbon group of
three to seven ring carbons. The fused multicyclic saturated hydrocarbon ring
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Total. 100.00 100.00 100. 00 The properties of

these three different conparative hydraulic fluid

bl ends are 15 shown in Table VI. WO

20071075830PCTf US2006/ 048676 Table VI Properties
WOAYOIHIC Conp. HYDD Conp. HYDE Viscosity at’CA(iE2006/048676

cSt 43.7 43.4 43.7 Viscosity Index 99 100 158

group preferably is of two fused rings. The cycloparaffinic group may be
optionally substituted with one or more substituents. Representative
examples include, but are not limited to, decahydronaphthalene,
octéhydfopenfalene, 3,'}',1 O-tricyc!_ohexylpenfadecane, decahydro-1-
(pentédecan—B—yi) naphthalene, and the like.

Method to Improve Lubricating oil Oxidation Stability:

We discovered a method for improving the oxidation stability.of a lubricating
oil by replacing a portion of the original base oil in a lubricating oil formulation
with the desired base ol of this invention. The desired base oil of this’
invention has greéter than 90 wi% saturates, less than 10 wi% aromatics, a
viscosity index greater than 120, less than 0.03 wt% sulfur, a sequential
number of carbon atoms, greater than 35 wt% totat molecuies with
cyclo:parafﬁnic functionality, and a ratio of molecules with monocycloparaffinic
functioné!ity to mo[eéules with multiéycloparafﬁnic functionality greater than
2.1, The onglnal base oil that is being replaced may be selected from the
group of Group [, Group II other Group |ll, polyalphaolefin, polyinternal olefin,
and mixtures thereof. Examples of other Group Hll base oils are Chevron 4R,
Chevron 7R ExxoiiMobil VISOM Shell XHVI 4. 0, Shell XHV15.2, Nexbase
3043, Nexbase 305Q, Yubase 4, Yubase 6, and PetroCanada 4, 6, and 8.

When a portion of the original bése oil is replaced with the desired base oil of
this invention the ﬁPVOT test result is increased by at least 25 minutes,
preferably by at least 50" minutes, more preferably by at least 100 minufes,
and most preferably by at least 150 minutes. Additionally, the viécosity index
may be increased. Preferably the viécbs'rty index will be increased by at least
10, but it may be increased by at least 25 or even at least 50. In preferred
embodiments the lubricating oil will also improve in air release, and may have
an air release by ASTM D 4327-03 of less than 0.8 mihutes at 50 degrees C.
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RPVOT(c) 150C, M nutes to 25 PSI Drop 317 483 346
These conparative base oils nmade using different base
oils did not have the 5 desired high VI and excell ent
oxi dation stabilities of the lubricating oils of

this
WAGROTEH® Al t hough the addition of viscosityGrgalee/4867s
i nprover in Conp. HYDE inproved the viscosity index,

the RPVOT was still well below 600 m nutes. Note that
by replacing the Group Il base oil used in
Conparative HYDD with 10 the preferred Goup |1l base

oils of this invention (see HYDB) we were able to

i nérpaten ohiberammal Hasetdildn RiRy/Ginteeistf this imeedidniiabetween 1
10 ' £, I Ly insi60Si Ly of :

¢ OB, o ) SRkt 2808 0B bRy reser
wi tHeownB0'witfé. addi ti on of any viscosity index inprover.

15 Exanple 4. Two base oils, FT-7.6 and FT-13.1, were
made froma 50/50 m x of Luxco 160 petrol eum based

owax and More & Minger CB80ER&MJAded FT wax. The 50/ 50

m % es had about 65.5 wt % n-paraffin, about 2
pp%X%{"P\ré%gen, and 20 | ess than 4 ppm sul fur. The
processes used to nake the base oils were

hygr.oi . . waxi g | ni.shi ng. .

7 AcDEREREl €Bb B e icche TSR U R P folaying
Therdpgstiesoi | s had the properties as shown in Table

oVI1. WO 2007/ 075830PCM520064-948676 Table Vi1 Sanpl e

15

Properties FT-7. 6 FT-13.1 Viscosity._at 100C cSt
7.597 13.14- Vi sPoeperfies ndex

Nitrogen, ppm <0.2

Sulfur, ppm <6
n-paraffin by GC, wi% 76.01

Two base oils, FT-7.3 and FT-14, were made from the hydrotreated cobalt
based Fischer—Tropsdh wax by hydroisomerization dewaxing, hydrofinishing,
fractiohaﬁng, and blending to a viscosity targef. The base oils had the
properties as shown in Table II.
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162 152 Pour Point, C-13 .-4 SIMJIST (vit.%9, F 5
778 953. 10/30 862/902 97411007 50 934 1036 70 /90
972/ 1026 1061/1106 95 1056 1140 Total W % Aronmatics

vgb %061%735896 04927 PCT/US2006/048676
Tabie 1l
Sample Properties FT-7.3 FT-14
Viscosity at 100°C, ¢St 7.336 _ 13.99
Viscosity Index 165 157
Pour Point, °C -20 -8
SIMDIST (wi%), °F
5 742 " 963
10730 777/858 972/1006
50 906 : 1045
70790 950/995 <1090/1168
95 1011 1203
Total Wt % Aromatics 0.02819 7 0.04141
Wit% Olefins . 4.45 3.17
FIMS, Wt% _ '
' Alkanes 72.8 - 58.00
, '. 1—‘Uns'atu'rations 27.2 _ ‘ 40.2
2- to 6- Unsaturations 0.0 0.8
' Total ©100.0 100.0
Total Molecuies with 227 378
Cycloparaffinic Functionality .
Ratio of Monocycloparaffins >100 46.3
"o Multicycloparaffins '
Oxidator BN, hours | 24.08 18:89

FT-14 is an example of the base oil useful in the Iubricgting; oils of this
invention. It has greater than 35 wt% total molecules with cycloparaffinic

5 functionality and a high viscosity index.
Example 2

Two blends of ISO 46 hydraulic fluid using the FT-7.3 and the FT-14 were
10 blended with a commercial liquid zinc antiwear (AW) hydraulic fluid additive
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W% defins 0.0 0.0 FIM5, W% Al kanes 58.3 42.7
1l-Unsaturations 39.4 - 2- to 6- Uniaturations 7.3
17.9 Total 100.0 100.0 YQU Mol ecules with- 41.7 57.3

cloparaffinic Functionalit
Wi y

10

18

2007/075830 PCT[U 52006/048676

package. The hydraulic fluid additive package comprised liguid antioxidant
additive. concentrate in combination with other additives. No viscosity index
improver was added to either of the two blends. The formulations of these
fwo hydraulic fiuid blends are summarized in Table 1.

Table Wi
Component, Wit% HYDA HYDB
Hydraulic Fluid AW Additive 0.73 0.73
Package.
FT-7.3 81.55 83.53
FT-14 17.52 15.54
PMA PPD | _ 020  |0.20
Viscosity Index Improver ' 0.00 0.00
Total - ' 100.00 100.00

The propetties of these two different hydraulic fluid blends are shown 'in Table
.

Table IV

Properties HYDA | HYDB
| Viscosity at 40°C. ¢St ' 43.7 |43.7

Viscosity Index ' 1163 | 163

RPVOT@150°C, Minutes 6 25 PSI 608 [610
 Drop, '

TORT B Rust Pass

Cu Strip Corosion@100°C for 3 Hours | 1b -
 Alr Release (D 3427) at 50°C 1.8

Both HYDA and HYDB are examples of the lubiicating oil of this invention
with very high oxidation stability and high VI. The‘high VI was achieved
without any viscosity index improver because of the unigue quality of the base
oils used. it is surprising that the oxidatioln stabilities by the RPVOT test were
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Rati o of Monocycl oparaffini to Multicycl oparaffins
4.7 2.2 xidator BN, hours 45.42 33.52 | Both .
ET-7.6 and FT-13.1 are exanples of the preferred base
oil d used in this invention. Both of them have

WP 247/87588an 35 wt % total nolecules with 5 FCT/US2006/048676
cycloparaffinic functionality and viscosity indexes
greater than 150. Both of themwere derived froma
waxy feed having greater than 60 wt % n-paraffin and

| ess than 25 ppmtotal conbined nitrogen and sul fur.
Additionally, both of these.base oils had Very | ow

ar aptighcas g el damsideving dhatathedasentils ithait weret used had

i By 565 o oy B g A I ours.

v Segs iy i ndex ofeat of than 150 and an O dator BN
er

\élrgggm E“%Iﬁ:anl ndex grea

45 hours. lions of these bits were used
5to replace a Goup I, Goup Il, or Goup Il base. il

e ot SEERC bl e R dn kBN by Grgup or Group

i nbasasis;mithgr adhenr withaot EEOaddition ebviaaokityiedex-improver or seal

[ [ | hde. Ld i N o\YA . .
' BB bpEa D SO0 SRY ikt SRR IR, b 280 reutc
;| hdditsé ppckagieas ihwpblonds deforitrgl io Bramgle BaoT g tondwilations of

10 ) ee ot ks e b e B roRY, D07 R°

FT-7.6 and the FT-13.1 were blended with the sane

commercial liquid zinc AW hya%%q} ic fluid additive

package. used in_Exanples 2 and 3. No viscosity index

i rPooypenendNVEdded to ei t her dfComp. t hf emyl. end€&orine

fprmul.ati ons of these three hydn i C -G 15 \qﬁgs

afe sumarized in Table VII. Tg-kl)?éb\/l I [hWD% m
Hydraulic Filuid AW Additive 0.73 0.73 0.73
Package.- . ) _ |
Group | Base Oil 99.17 0.00 0.00
Group Il Base Oil - 0.00 - 19907 |1 93.18
"PMA PPD | ' ~[0:0° 0.20 0.20
“Viscosity Index Improver 0.00 - - 10.00 - |5.11

| Seal Swell Agent 0.00 0.00 0.80
Total : 100.00 | 100.00 100.00

The properties of these three different comparative hydraulic fluid blends are
15 shown in Table VI. '
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Conponent, W % HYDF HYDG HYDH Hydraulic Fluid AW
Addi tive Fiackage 0.73 073 0.73 FT-7.6 88.94 90. 00
36.05 FT-13.1 10.13 8.87 63.02 PVMA PPD 0.20 0.40 0.20

\}Vflosigﬂo’l%l’ﬁts\é{} I'ndex | mprover 0.00 0:00 PCT/US2006/048676
Table Vi

Properties . Comp. Comp. Comp.
HYDC HYDD HYDE

Viscosity at 40°C. ¢St 437 434 .| 437

Viscosity Index 99 100 158

RPVOT@150°C, Minutes to 25 P8I | 317 483 346

Drop '

10

15

20

These comparative 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 replacing the Group Il basé oil used in Comparative HYDD with
“the preferred Group Il base oils of this invention (see HYDB) we were able to

increase the result in the RPVOT test by more than 100 minutes.

Additionally, the viscosity index of the hydraulic fluid was increased by more
"than 50, without the addition of any viscosity index improver.

Exampie 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 wt% n-paraffin, about 2 ppm nitrogen, and
less than 4 ppm sulfur. The processes used to make the base oils were
hydroisomerization dewaxing, hydrofinishing, fractionating, and blending fo a
viscosity target. The base oils had the properties as shown in Tablé Vil
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0.00 Total ' 100.00 100.00 100.00 20 The properties

of these three different hydraulic fluid blends are
ihgrn brlTable VIII. W 20071075830PCT/ US2006/ 048676

abl e | Properties HYDF HYDG HYDH Vi scosity at
WQRITRESB3I 43,7 43.7 65.1 Viscosity | ndex 162%16%32%/848676

10

RPVOT@50C, M nutes to 25 PSI Drop

Table VI
Sample Properties FT-7.6 FT-13.1
" Viscosity at 100°C, oSt 7 597 344
Viscosity Index 162 152 -
Pour Point, °C -13 -4
SIMDIST (Wi%), °F .
5 778 953
10 /30 862/902 97411007
50 934 1036
70/90 97211026 1061/1106
95 1056 1140
Total Wt % Aromatics 0.01683 0.04927
Wi% Olefins 0.0 0.0
FIVIS, Wt%
Alkanes £8.3 427
1-Unsaturations 34.4 304
2-to 6- Unéaturations ‘ 7.3 17.9
Tota] 100.0 100.0
" Total Molecules with ‘ M7 573
| Cycloparaffinic Functionality
Ratio of Monocycloparaffins a7 2.2
to Multicycloparaffins o
Oxidator BN, houfrs 4542 33.52

. Both FT-7.6 and FT-13.1 are examples of the preferred base oils used in this
" invention. Botfxl of them hgva_greater than 35 w_t% total mqlc-_chles with

cycloparaffinic functionality and viscosity indexes greater than 150. Both of
them were derived from a waxy feed having greater than 60 wt% n—parafﬁh_
and less than 25 ppm fotal combined nitrogen and sulfur. Additionally, both
of these base oils had very low aromatics and olefin'é which also contributed
to hlgher omdat:on stability. They both had Oxidator BNs between 25 and 60

- hours.- FT—? 6 is an especially preferred Group il base oil as it has a wscosvty
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690 746 697 Air Release (D 3427) at 50C 1.06 0.67

1.75 Exanple 6: 5 A blend of Chevron darity(r)

Synt hetic Hydraulic Fluid AWI SO 46 using FT-7.6 and
% was prepared (HYDJ). An ashless antivwear

FT-13.
WY E*backage was used in this blend. The F&IHSEYE048676

anti wear additive package- conprised about 46%1liquid

anti oxi dant additive concentrate. The liquid 10

anti oxi dant additive concentrate conprised a m xture

of di phenyl am ne and. hi gh nol ecul ar wei ght hi ndered
phenol antioxi dants. No viscosity index inprover was

ad dretextgrediee therehol aAd apnPsidator B (leabet thhn @Savaog. If one of

ondir ettt bR A It routl b R deb on

4. Gavingrawiscosity frydaéxides tharpt 3 ér a Wdsicatisg op fepaulaiibrlthe

BT T, TR0 B ooy

5t ofralexrmoliktinbessa hyhmoye et Without teumdditiom af any other

10

15

20

Unlaic:ihﬁiirég‘grﬁg&%i 't‘%“?,%’yﬁﬁf?d{gljgﬂt he hydraulic fluids of

the current Tnve Bbot h have rati os of

nol ecul es wi th nonocydoparaffinic functionality to
nbl es.W th multicycloparaffinic functionality of
abg%?Hgﬁﬁsbr 20 Il ess. The fornul ati ons of these two
hydraulic fluid blends are sunmarized in Tabl elX

d a{jt ' ' I f VI QN

pr aeietds oSS B89 LSHE I BB H et & Bhoe en of

Tab$@ 68XHIGHhomksirayliouig ey the FT-7.6 and the FT-13.1 were
blended with the same commercial iiquid zinc' AW hydraulic fluid additive

pabkagg used in Examples 2 and 3. No viscosity index improver was added
1o either of the three blends. The formulations of these three hydraulic fluid

blends are summarized in Table VII.
Table VIi

Component, Wi _ “THYDF HYDG  |HYDH
 Hydraulic Fluid AW Additive 0.73 0.73 0.73
Package

FT-76 88.94 90.00 36.06
FT-13.1 10.13 8.87 63.02 -
PMA PPD 0.20 0.40 0.20
Viscosity Index Improver 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 VIIL.
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Conp. HYDK Ashl ess Hydraulic Fluid AWAdditive
Package 0.55. 0.49 FT-7.6 82.61 0.00 FT-13.1 16.74
0.00 Chevron 4R'7R Goup Il Base G| 0.00 94.72 PMVA

%?%7")%%@006912)[0888& ty Index | nprover O. QO 4C9‘R]82006/048676
Table Vi

Properties . HYDF | HYDG | HYDH
Viscosify at 40°C. eSt . 437 437 |[e5.1
Viscosity Index | 162 183 158

) RPVOT@150°C, Minutes to 25 PSI 690 746 697
Drop ‘- v _ ' o
Air Release (D 3427) at 50°C 106 |067 |1.75
Example G:

A blend of Chevron Clarity® Synthetic Hydraulic Fluid AW 180 46 using FT-
7.6 and FT-13.1 was prepared (HYDJ). An ashless antiwear additive
package was used in this blend. The ashless antiwear additive package -
c_omprised‘about 46% liquid antioxidant additi\}e concentrate. The liquid

10  antioxidant additive concentrate comprised a mixture of diphenylamine and.
high molebtlia; v;feight hindered phen-ol antioxidants. No viscosity index -
improver was added to t.he blend- A co}nbar.a’tive blend of Chevron Clarity®
Synthetic Hydraulie i=lt-xid AW ISO 32 using Chevron 4R and Chévron 7R
Group lll base oils and 4.6 wt% viscosity index i improver was also prepared
15  (Comip. HYDK) Chevron 4R and Chevron 7R Group Hl base 0|Is typically
have greater than about 75 wit% total molecules with cycloparaffinic
functionality. Unlike the base oils used in the hydraulic fluids of the current
invention, they both have ratios of molecules with monocycloparaffinic
functionality to molecuies with muiticycloparaffinic functionality of about 2.1 or
20 less. The formulations of these two hydraulic fluid blends are summarized in
Table'IX.

Clarity® isa registered trademark of Chevron Produgts Company.
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The properties of these two different hydraulic fluid

bl

ends are shown in Table 5 X  Table X Properties.

HYDJ Conp. HYDK Viscosity at 40C. cSt 45.4 36.4

Vi

¥
hydraulic fluid had a very good RPVOT 10 result,

SCcosSi t

| ndex 162 180 RPVOT(c)150C, M nutes to 25
P00

31 678 Al though the conparative HYHEUS2006/048676
it

was | ower than the result obtained with the hydraulic

fl

uid of our invention, and notablY |ower than the

RPVOT of HYDJ. Note that the Conparative HYDK
conprised base oils (Chevron 4R17R Group [11) that

di
di

d not have viscosity indexblgl¥ater than 150,
d they have a preferred ratio of nolecules with

nor

monocycl oparaffinic functionality to nolecules with

13 dropoyesitopdfeaf i ni ¢ functi ond¥DUy grjddemp. t han 2.1
off the preferred base oils used in our iI—WSRE i on.
Conparative HYDK al so _conprised a_signijfican
Ashless Hydraulic Fluid AW Additive | 0.65 0.49
Package ‘ - - -
FT76 82.61 0.00
F1-13.1 16.74 0.00
Chevron 4R/7R Group lli Base Oil 0.00 94.72
PMA PPD 0.20 0.19
Viscosity Index improver 10.00 460
Total 106.00° | 100.00
The properties of these two different hydraulic fluid blends are shown in Table
5 X '
| Table X
Properties HYDJ Comp.
. HYDK
Viscosity at 40°C. ¢St 45.4 36.4
Viscosity Index 162 180
RPVOT@150°C, Minutes fo 25 PSI 931 678
Drop
Although the comparative HYDK hydraulic fluid had a very good RPVOT
10  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 1Y) that did
not have viscosify indexes greater than 150, nor did they have a preferred
ratio of molecules with monocycloparaffinic functionality to mofecﬁles with
multicycloparafiinic funé:tionality greater than 2.1 of the-préferred base oils

15

used in our invention. Comparative HYDK also comprised a signiﬁbant
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‘?S’ént heti c Paper

10

15

20

WD 2007/ 075830PCT/ US2006/ 048676 anount of viscosity
i ndex inprover to achieve a viscosity index greater
than 155. Exanple 7: 5 A blend of Chevron C arity(r)
Machine Q1 1SO 220 is nmade
pYECT Y greater than fifty percent of the Herosanosiasers
Pol yal phaol efin base oil with a FT derived base oil
havi ng the properties as shown in Table Xi. 10Table
XI Properties FT Derived Base Ol A Viscosity |ndex
>160 Traction Coefficient* <0.021 W % Saturates >99
W % Aromatics <0.05 W% A efins ... 0.0 Total
Mo Bewné of viseositgyndep mpprbréniocchiiven Visnasiit indBe pweder than

35488d 70. wt % Sul fur, ppm

Example 7:

A blend of Chevron Clarity® Synthetic Paper Machine Oil ISO 220 is made by
replacing greater than fifty percent of the p'olyalphaoleﬁn base oil with a FT

derived base oil having the properties as shown in Table Xi.

Table X!

Properties - FT Derived Base Oil A
Viscosity Index >160
Traction Coefficient” <0.021

Wit% Saturates >89

Wit% Aromatics <(.05

Wi% Olefins 0.0

Functionality

Total Molecules with Cycloparaffinic

Between 35 and 70 wi%

Sulfur, ppm

..<'2

Nstrogen ppm

<1

*traction coefficient is measured at a klnematic \nscesﬁy of 15 cStand at a

slide to roll ratio of 40 percent. The load applied is 20N, corresponding to a

Hertzian pressuré of 0.83 GPa.

Both the origin’al paper machine oil and the improved paper machine oil

contain the same ashless antiwear additive package. A component of the

ashless antiwear additive package is an antioxidant additive concentrate. By

- replacing a significant portion of the base oil in the paper mach:ne oil with the

FT Detived Base Oil A the resulting lmproved paper machine orl has a result
_inthe rotary préssure vessel oxidation test by ASTM. D 2272-02 greater than

' 680 minutes, which is at Ieast 200 minutes greater than the resuit in the

original paper machme oil (475 minutes).
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10

Ni trogen, ppm<1 traction coefficient is neasured at

a kinematic viscosity of 15 ¢St and at a slide to

roll ratio of 40 percent. The |l oad applied is 20N,
corresponding to a Hertzian pressure of 0.83 GPa. 15
VEB@W”@ﬁ;ﬂbrlglnal paper machine oil and the Fﬁﬁﬂ59@8®m€m
paper machine oil contain the sanme ashl ess anti wear
addi ti ve package. A conponent of the ashl esa antiwear
additi ve package is an anti oxidant additive

concentrate. By replacing a significant portion of

the base oil in the paper machine oil with the .. FT
Derived Base Ol A the resulting inproved paper
Magh bPPeubiBagors t& and nt d hEﬁﬁorfso&%Vde thls apphcatlon

Pressure 'vesse OXI ation t SIM D 22/72-0
g r@'&tl’@femhaiaprp@wembwﬁ‘@gemmncthelrgnatew dathe same extent as if
m t‘%tcﬁsccl&‘lﬁéto? 'éaEH?r‘YUMBﬁalrrﬁﬁiﬁbétlérp \%h[’@ntoéd[ﬁbgts@r{ or patent was

paper machine o

20Eciirstigepdndisidostiy nde e m be ircommairebby reieicons,in its
PaLaRES. .and patent applications cited in thi's
application are herein incorporated by reference in
their entirety to the sane extent as if the

di giahe sydnRktioR3 R th@gk&hsﬁw eﬂ%hinqéﬁﬂs% fth@ #hvBRtion disclosed

appl lcatl on or at ent was eCI I cal
i r%hqmedlwﬁlrﬁ@dllvrﬁﬁ%laﬁ%w@@ %élerdnﬂ @Bq)aﬁatﬁwowngly, the invention

r a& e BBQ;%n‘sff*uéJl gseﬁézua.ﬁ%;m stﬂﬁéﬂ)efe %rnhqqé{ﬂo‘a@ttg%,l Qithi hin the

t he exenpl nbodi nen i'nventi on I'sc
aH%W@e%RﬁmePBBﬂ”¢?d6%%ﬁ$ to those skilled in the aIt
Accordingly, the invention 10 is to be construed as
including all structure and nmethods that fall w thin
the scope of the appended clains. WHAT IS CLAI MED
I'S: 1. An ashless hydraulic fluid or an ashl ess paper
machi ne oil, conprising: a.a base oil having:
l.greater than 90 wt % saturates, less than 10 wt %
aromatics, 5iiia viscosity index greater than 120,
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WHA

(WS

- ghaasldessiydrubs Suidify 24

fluid of asNe¥qU

iv. less than 003 wt % sul fur, v. a sequential nunber
of carbon atons, and vi. greater than 35 wt %t ot al
nol ecul es with cycloparaffmc functionality; b.an
ashl ess "anti oxi dant additive concentrate; and
10c.less than 0 5 wei ght percent based on the total

| ubricati )il of a viscosity index inprover,;
M%Féﬁﬁvﬂﬂglﬁsm ess hydraulic fluid or ashl ess paper

machi ne oil has a | ubr |#C@%%|r]p%pgﬂ xhacﬁki%%‘i’l?i:&ﬂpﬂiﬁ%g

of greater than

mnutes in the rotary pressure vessel oxidation test

by ASTI\/glg)a_%%i%-Qi%qat 150 degrees C. 15 2The ashl ess
hydraul i1 c 1l uig or ashl ess paper nachine oil of claim
|, whergin t%gat &n 9 WtdeSafigftbyed froma waxy feed
havi ng greater an 60 wt % n-paraffins and | ess than

25 ppm corr’bilggghéﬂ ig nrahgigul fur. 3. The ashl ess
hydraul f'c. fI'Gi°d or ~ashl ess paper machine oil of claim

1, whergin the base. o gigabgr than 40 wt % t ot al
nol ecul ¥s wﬁﬂs%%?@?om?&%‘éf%?eﬁi c functionality. 20

4. The ashl ess drayhic, fluid or ashl ess paper
v Lt Mo

machi ne'Voi | eréin the base oil is

Fi scher-Tropsch derived, 5. ss.ghydraul ic
Puzﬂg%hqugr%oﬁﬁmg&, %d .

ne ol aim1, wherein

the lubricating ojl S | ubri i.Ng:.0i i bt ST
| ndex  grieat cresrn o tERRILOG I RALERIG dncfionality
or ashl ess_ paper, machine.oil of claim,l, wherein the

reul t gnps @W%ﬂtyﬂﬁg&vﬁf@n@e@g@%r and i dation test

is greater than 700 m nutes. The h] hydr.aul i.c S
0 oesedn Do e BP oo TR oot a viscosity

- wherein Fﬁgf%%’?g‘?%} ‘in the rotary pressure vessel

oxi dat i '8 greater than 800 m nutes. The

ASPhGER (hY R ol G oPehles B ARRAELIABGAI S aQitbricating oil

of VeI E e asldess hydraulic fluid or
ashi@ssy RAIRL breitest ihanel 561 dndriassat T Tateratban 0@ minutes in the rotary

O L 0,000 O KR S S VHAC
Seeoted from e JnaRSons! SLing of oA88:22: wh&Bn the base
o
325 gpacdbiasdiniuD@eband sulfur. :

The ashless hydraulic fluid or ashless paper machine oil of ciaim 1, wherein the base

oi] has greater than 40 wt% total molecules with cycloparaffinic functionality.

The ashless hydraulic fluid or ashless paper machine oil of claim 1, wherein the base

oil is Fischer-Tropsch derived. |

The ashless hyd;raiﬂic fluid or ashless paper machine oil of claim 1, wherein the

lubricating oil bas a lubricating oil viscosity index greater than 160.
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. 10.
11.

- 120

14.

The ashl ess hydraulic fluid or ashless paper machi ne

oil of claiml, which is selected fiximthe group

consi sting of ISO 100, ISO 150, |SO 220, |SO 320, and

180 460. The ashless hydraulic fluid or ashl ess paper
machine oil of claim1, wherein the |ubricating oi
additionally has an air release by ASTM D 3427- 03 of

| ess than 0.8 m nutes at 50.degrees C. The ashl ess
hydraulic fluid or ashless paper nmachine oil of claim

1, wherein the ashless antioxidant additive -

concentrate conprises a hindered phenol, a .
di phenyl.am ne, or m. xture thereo ) | @F8rein the resul
hy dFledshiessf ydieg Lisriad AT Ssp%aéjglr I”ﬁ%%’% Or%leggciiiﬁﬁgf claim

1, wherein the a tih@¥dstianteamethat 70@mnutes.
coﬁgg??tlroﬁ’f%pﬁegsuaég‘%)sﬁgz)rﬁt of an ashl ess anti -wear

~addi tive package. .15, smhstiseas] b&cHit, avherein the resulit
Sosaie Do "

an ‘dsrlles I'ne -ol'l, "conprising: 25a between
1 apd 998, welaht vaesaitatibateds araieniap §YGmmutes:
| ubricating oil of abase oil having : i.greater t

. han, .-
. %Wgsg%gé\:ﬁ ned8slic fRSS ot halieskOpape varaelsngm Ol < cligg L, wherein the

than 0" Yosul fur, _iv. a seqguenti i
canbidassatydrmlic fuidpeashisss PHSH Egalis o f{% J‘a‘lﬁﬁ’ﬁg F%sgfﬁlog greater than

W th cycloparaffinic functionality, and vi. a base

oi I10W0RAEESt y i ndex greater than 150:; 5b. between 1 d
0.05 and 5 wei ght perce ofchibe ofl oF akim 1, which is selecte
|uﬁﬂm@ahlpssg}Wém%T%ffﬁﬂﬂO‘é\g#ééggg%ﬁti oxidant additive . -
005209{‘&1%%%@1' ARdisEng bEBD THABOG25ISRAGRSO §8r28d Ap© 100-

based on é) tot al %ubr_i cating oil of aﬂ\gﬁs]'cpsbt yhj@h's selected
i ndex _i.npr. LG8 bR adhites aafdresshing dr @l ciagn Pl wivgh 15
orqigﬁﬁgggqﬁgggglnachfne oi |__has: '

from the eroup consisting of ISO 32, ISO 46' ;nd ISO 68.

fluid or ashless paper machine oil of claim 1, which is selected

‘ ﬁ‘dm the group consisﬁng of ISO 100, ISO 150, IS0 220, IS0 320, and ISO 460.

The ashless hydraulic

The ashless hydfsiulic fluid or ashless paper maching oil of claim 1, wherein the

[ubricating oil additionally has an. air. release by ASTM D 3427- 03 of less than 0.8 -
minutes at 50 degrees C.

The: éshléss hydraunlic fluid or ashless paper machine oil of claim 1, wherein tbe
ashless antioxidant additive . concéntrate comprises a hindered phenol, a
diphenylamine; or liﬁxtu;ré thereof; N
The Aashiess hydraulic fluid or ashless paper machine oil of claim 1, wherem the

ashless antioxidant additive concentrate is a component of an ashless antiwear

additive package.

' An ashless hydraulic fluid or an ashless paper machine 011 CoOmprising:

4 between 1 and 99.8 weight percent based on the total lubricating oil of a base oil

having :
1. greater than 90 wt% saturates,
il less than 10 wit% aromatics,

1ii. less than 0.03 wt% sulfur,
— 38..._
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10i.a lubricating oil viscosity index greater than
155; and a result of greater than 600 m nutes in the
rotary pressure vessel oxide by ASTMID 2272-02 at
150 degrees C. 16. The ashl ess hydraulic fluid or -
ashl ess paper machine oil of claim15, wherein the
base oil has less than 0.05 w % aromatics and | ess
than 5 wmt% ol efins. 1517.The ashl ess hydraulic fluid
or ashl ess paper machine oil of claim15, wherein the
base oil has less than 0 05 wt % aronmatics and | ess
than 1 wt% ol efins. 18. The ashless hydraulic fluid or
ashl ess paper machine oil of claim 15, wherein the
basegy.0i | 2 addittizdmatbyr 8P ERF 0 of nol ecules with

nonocycl oparaffm c functionality t | ecul.es i Lh o1 d
mul i Cyclepar @k bave wm&mowahe???ﬁﬁﬁ%&aﬁ%ﬁﬁaf#%@% 10y, &
2019. The ashl ess hydraulic fluid or ashless paper

machi ne Pihse@fl vakabiny kBex pheeeibat {He ashl ess

anti oxi dant additive concentrate conpris a hinde 1
REB o G e astless

| pheP%m%n%.W%@& ls i, peorentrbaced P e
ess .

ash ydraulic fluid or ashl ess paper machine oil -

of cl antiviBant widitiae AORKBIEEHEss ant i wear additive
concentrate is-a conponent qf I & bMRAL: viscosity index
addilessethpad b ageighBRearcont bp é@:{ﬂ ]Fgoftglnlg | r?gﬂ%n ashl ess
hydraulic fluid or an ashless paper nmachine oil wth

Ugh oXP@&Foen stability, conprising:

hydr oi soneri zat i on .deywaxi 3N Yoaph e efhclhiay bid fas:

gr esberein tha st S%ﬁ%%‘%ﬂggwa&%ﬁ ns aﬁ | ess .than 25 ppm

total conbined. nit.rogen.and;.syldus 10 19Rkada base oil
havi.-ng g B@xEdIHAnY 6““?3@§§Fufages, | ess than 10 ,

W % aromati cs, a 1l0base 0j. Vi Ink Yotk dRXss@e a@tsel oxidation test .
t haii. 120@,I¢S%§fgﬁé#r$@3éd&%\ﬁg%%ﬁr, and ‘a sequent i al

hunber O{J%fg@ﬂ%)ﬁ 2-P0E 2t 50Hegetd @nat i ng the base oil

into diff Vi'scoslity grades of base oil; c

sel ecting one. or: f. f1b& mbbfeacdit oili chgntly, wherein the base
L3RRS TRRE flbie |

16gr adés

177 Unghi n@dsk 'hyd:raulic fluid or ashless paper machine o

18.

19.

aving:. a sel ected base ail
Vi SEA%hS Mod MEEK OFrveidt aromaha‘?rﬁlfﬂées,sﬂéqﬁ‘% ‘T%?Plﬁ’g@sat er -
than 35 wt% total ‘nolecules with cyclop rO%fcfla'jiﬂ'l%',whereintheba‘se

il Has less than 0.05 wi% aromatics and less than 1 wi% olefins.

d or ashless paper machine oil of claim. 15, wherein the base |

The asfﬂeés-hydraulic flui . n et
‘. oilr é&ditionaﬂy has a ratio of molecules with monocycloparafﬁmc functionality to
méiecules-with multicycloparaffinic func’_tionality greater than 2.].

The ashless hydr;m.ﬂic fluid or ashless paper machine oil of claim 15, wherein the
| ashless antioxidant additive concentrate comprises a hindered phenol, a

diphenylamine, or mixture thereof.
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21one AoProREss dorgPaing

‘than 120,

2.

d. blending the selected one or nore of the different
viscosity grades of base oil with an ashless
anti oxi dant additive concentrate to nmake the ashl ess
hydraulic fluid or ashless paper machi ne oil

wherein the ashless hydraulic fluid or ashl ess paper
machi ne oil has a viscosity index 20between 155 and
300 and a result of greater than 680 mnutes in the
rotary pressure vessel oxidation test by ASTM D
2272-02 at 150 degrees C. 22. The process of claim 21,
wherein the oné or nore of the different viscosity

grades of base oil have greater than 40 'wt%total. o -
pm%fo c;l%%l iS, wherein the

2028' q%%‘_' £5leW hiireyie) Dpdraf dshiese PRRFA ERFYRG

he process of claim21,. wherein tpBe,as®s sntiwear additive
hy ditibds auntiveirddshti B Re LS5 ér E@lgﬂ)‘lnne ol has a

result of greater than 700 nminutes in the rotary

pr e®dtk?8-vessel oxidation test by ASTM D 2272-02 at .

150 degrees. C .Theagggggg%ﬁe&mﬁbQEEM£bnawﬂeﬁqmnme§mneoﬂ“nm
ifterent viscosity grades of-base

oi | Ve Bl LgatpcoBitigingat er than 41 hours. The

pro% §&% 8§§%n1§€; wherein the one or nore of ng'60vﬁv -

di ffer entbly}g}&sg?}gﬂz\éﬁm adesxing abwew Hed hadag trEHEI P °

have a ratio of nolecules with NOCy: f LAl G 1fur to make a

f unct i onphraffiss taodrieisebin €3 PWWW%WP%@%/@I%%%%?% nic .

functionality greater olwEhQatifa0edess thin t0 sithh aromatics, a

21, wher Bis§ & Vdﬁ%g%?{e?r@%é@of the different oy sulfur. and a

vi scosi t ¥, gragdes cediybiadex gidatadlian | Shasss fhapald g1/0 SHLs "

ratio-of “pour- point,”in degrees C;/ to kinematic

Vi scosi t yeqatnt0OCmber @b AYLEr t han a Base O |

Pour Factor, wherein the Base Q| Pour.F ' .
cal gul at actiatihe tHedlabo HHo gﬁgﬁfﬁt &ee S%%%Hg?ﬁb%%euorﬂ’
Factor = 7.35 x Ln(Kinematic_ Viscosity at 100 -1 ino
A ngt hodsdi@fink BREQY iTrvge oﬁ@eéﬁ?ﬁ%‘ﬁiv&ﬁo%@’%ﬁdﬁ ? y,as%(g@%aﬁ’m"

ashl ess hydraulic fluid or- an ashless paper nachine -
oi |, conpri Sim‘ga;leasébdimﬁhn@coal%aé@é%ﬁﬁ&erﬁtgeﬁ ESS) ad'® o
greater than 90 wt % saturates, iiless than 10 w9% L
aromaticg, 20jjchten A wih taitlsIETHS m%ﬁloa%%@e%crﬁmwﬂm

d blending the selected one or more of the different viscosity grades of base oil
. g ‘ .
vﬁth an ashless antioxidant additive concentrate to make the ashless hydraulic
fluid or ashless paper machine oil;

-Wherein the ashless hydréulié fluid or ashless paper machii;e oil has a vi_scosity index
between 155 and 300 and 2 result of greater than 6'80;mjnu‘pes in the rotary pressure

TM D 2272-02 at 150 degrees C.

vessel oxidation test by AS | o
£ the Gifferent viscosity grades of

The process of claim 21, wherein the one-0rmore O

base oil have greater than 40 wi% total molecules with cycloparaffinic functionality.

4D~



10

15 -

20

25.

- 24

26.  The process of claim 21, wher

27. - A method for improving the oxidation s

iv. less than 0.03 wm% sul fur, v. a sequential nunber
of carbon atons, vi. greater than 35 wt% tota

nol ecul es with cycloparaffinic functionality, and -
25vii.a ratio of nolecules with. nonocycl oparaffmc
functionality to nolecules with nmulticycloparaffinic
functionality greater than 2.1; and b.replacing a
portion of the base oil in the asffless hydraulic
fluid or ashl ess paper machine oil with the sel ected
base oil to produce an inproved ashl ess |ubricating
oil; wherein the inproved ashless |ubricating oi

has a result in the rotary gr@s %i%gli‘gdééﬁ’%ﬁ% ?gﬂgﬁg@ggt Pdper machine

2% estrhb ProAGEMf Bla 22, phergh? ]

lleast 50 m nutes greater +he ineslry prdasirbeessel oxidation test
r ot Qﬁ;h%?@B%nglﬁg{eag%aﬁggb{ﬁ ggitl of the agﬁl ess

hy.d | 376l (0rat 388 ikbess (paper machine oil . 28.
The%%gt%ﬂo%‘wcl aiam 27, wherein the bgze d(%iﬁl ]lga . des of
deri | %Y {B&dinthy bngognea oé thetthagre g0V I§ipgsy stades ot
h-pZ}{gg]fO%]Sg%Eg@H%he’ met hgld of cl ?bm 27, wherein the
waxpasettaisaFOsuhtr BY ggaiehthae i 4885 30. The met hod

of claim 27, wherein the base oil has a b oil. .-
95Vi STRS hioyess d elirgd awbereT0hA LRC fggapr%iﬁéﬂ?erﬁigt%m WS%‘?SE?’_ grades of

claim 27, whereln Lhe Daseeol Swih RR86cRIdparafiinic functionality

Vi cbisiolpi AR DA AR e 80 4 P he ek hod of e

claj m &l ul%ﬁ?ﬁﬁlﬁcﬁ@lo?ﬁ%ﬁﬁﬁ& Fiotisnaliysseatirabanblwt % -

t ot &l r_m?ecul es wth cycloparaffinic functionality. _

ein the one or more of the different viscosity grades of

" base oil additionally have a ratio of po'ﬁr point, in degrees (;, to kjﬂe11}g:tic 'viscosity at
100°C in cSt, greater thaﬁ a Base Oil Pour Factor, wherein the Base Oil Pour Factor is
calculated by the fo

' Viscosity at 100°C) -18.

llowing equation: Base Oil Pour Facjfor = 7.35 x Ln(Kinematic

tability of an ashless hydraulic fluid or an
ashless paper machine oil, comprising: | ' '
a. selecting a base oil hetlving:.
i, _ g,reate;r than 90 wt% saturates,
| 'ii.l' less than 10 vx';t% aromatics,
. a base oil viscosity index greater than 120,
iv. less than 0.03 wt% sulfur,

v a sequential number of carbon atoms,

vi greater than 35 wi% total molecules with cycloparaffinic ﬁmcﬁona:lity,

and
vii. a ratio of moléculeé. .withy monocycloparaffinic functionalify to |
molecules with multicycloparaffinic fuﬁctional%‘[y greater than 2.1; and
replacing a portion of the base oil in the ashless hydraulic fluid or ashless
paper machine oil with the selected base oil to produce an improved ashless
lubricating oil; wherein the improved ashless

—41-



15 33. The nmethod of claim?27, wherein the base oi

has an Oxi dator BN | ess than 25 hours. 34. The net hod
of claim 27, wherein the base oil has an Oxi dator BN
bet ween 25 and 60 hours. 35. The nethod of claim 27,
wherein the base oil has |less than 005 wt % aromati cs.
36. The nethod of claim27, wherein the inproved

ashl ess lubricating oil additionally has 20an air

rel ease by ASTM D 3427-03 of less than 0.8 mnutes at
50 degrees C. 37. The method of claim 27, wherein the
portion of base oil in the ashless hydraulic fluid or

ashl ess paper rrachl ne oil s s e 9L QHRion t tb
of G oup lubricginguptl| fas &7 e r‘éttaﬁﬂglleEﬁ%@O}/gs?al b8HRion test by

pol yinte b c?%fé%?ﬁ th ey 8 Ofast SiBmzn'ﬁtte creater than the
' Met hod ggTﬁg)eié%o \%ﬁw?el i the inproved ashl ess

| ubri cat iag) 9h khdastasy pesuie okidadBt ke ¢iohary] pPeydpplc flud or
vessel oxidation test that is at |east 100 38.
m nutes gihlesaparererAERinCKe- result |n the rotary

pressure vessel oxidation,t st 6ans\.,,tcﬂ %50%1 ﬁgwa’c% feed having

B .28 hy dT b b eghfd] off daion 2ds Rhewy &sn ne oi
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- 36.  The method of claim 27, wherein the i 1mp

et hod, of cl ai ein the |nproved ashl ess
Iub@@@§¥ﬂﬁ66@V&@%%?a§%ﬁénproved viscosity index at-

| east 25 _hi r.t Ho® GOSdchar-THogRK defived.
29 the%?ﬂeg@é%ﬁgl@r’ﬁ%} %Plle g}r%k%gﬁl ess Cpapelrgmachl ne

Ol L e et C'a' i Must B8 VigEREiBVRdex greater
30wvi Smm@qdrfé S P%S%‘t%%g%ig B9 st of s adex o

|n|,&1 H|3003|ty i ndex of the ashless hydraulic
f|UI or ‘ashl ess. paper machine oi-l. 10 41. The net hod

’ “@i%ﬁﬁ A hgeashbeas diyisaubdse ofl|viscdsityr index greater
ash ngégé% mac ?ne oi | and the inproved ashless

Iubgm,u@@g@ng oi | corrprl se the same wei-ght percent of

an ashl ess antioxi dant additive-concentrate. . uI
The method of claim 27, wherein the base oil has less than 70 wi% total molecules

with cycloparafﬁmc functlonahty

33. '. The method of claun 27 Whelem the base 011 has an Omdator BN less than 25 hours.

34.  The method of claim 27 wherein the base oil has an’ Omdator BN between 25 and 60
hours. ‘
35 | The method of claim 27 wherein the base 011 has Jess than 0.05 wi% aroma’ﬂcs

roved ashless Iubncatmo oil addmonally has
an air release by ASTM D 3427-03 of less than 0.8 minutes at-SQ degees C'.'

3-7 The method of claim 27, wherein the portion of base oil in the ashless hydraulic fluid

or éshless paper machine oil ié selected from the group of Group I? Group L, Group
1, polyalphaoleﬁn polymtemal olefin, and mixtures thereof
The thethod of claim 27, wherein the unproved ashless lubricating 011 has a result mn

the rotary pressure vessel oxidation test that is at least 100

—d2—
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40.

41..

. minutes greater than the result i

oil. -

. the Totery pressure vessel oxidation test of the

ashless hydraulic fluid or ashless paper machine o1l

mproved ashless lubricating oil has an

The method of claim 27, wherein the imy
25 higher than an mmal V130051ty index of the

lmploved viscosity index at [east
ashiess hydrauhc fluid or ashless paper machme oil.
Wherem the 1mproved viscosity index is at least 50 higher

than the initial visco s_i_iy index of the ashless hydraulic fluid or ashless paper machine

The method of claim-aQ

aim 27, wherein the ashlegs hydraulic flud ox ashless paper machine

The method of ¢k
nbricating oil compnse the same wc1bht percent of an

oil and ﬂle imptoved ashless Iu

ashless antioxidant additive concentrate.



