; €3e&~P&{ Fbd6TPXc20 JAN 2003 PCT/US99/ 17265 -1 A PROCESS FOR PRODUCI NG A
LUBRI CANT BASE O L HAVI NG | MPROVED OXI DATI vmwmmmummm ELD oF THEJAN 2003

| NVENTI ON Theyd mﬂsgﬁt invention is directed s for the/yoroducti on
of high quality |ubricant base oils having supenésgs+ oxi dati onPSTABIY17¢p
usi'ng nol ecul ar structure control and FT-1R chenonetric controls.
BACKGROUND OF THE | NVENTI ON Studi es to date have shown that |ubricants
prepared via the hydro isonerization of1Fischer-Tropsch wax, are equival ent
to synthetic lubricants, such as polyal phaol efins (PAO, oligoners of
a-decene) in all areas o E%Q@Séﬁ@ﬁ%ﬁ@&iﬂcm(ﬁlﬁmmg per f or mance
and base oil oxi dati BASE QB HAVINGHMPRROMED OXIM2AFIVE STABFHEDNY whi ch i s
capabl e of increasing the oxidation stability of hydroi sonmerized

Fi scher-Tropsch waxes. At present, the APl "SH' rating is currently

enpl oyed for i./s for use in gasoline engines which
represents a S+ew 2 A o +n the service requirenents of |ubricants
frompast ratings (e.g., APl SF or APl SG. Thus, there is a continuing
need for lubricants with superior performance characteristics. One of the
performance characteri sfhendtbntGhvértiod is FRetedsd aProbeds {6 1€ ptoduttbn of
viscosity index (VI). This represents the extent t'o which the viscosity of
a | ubricant vhigheguatity lubiranebadelsils. hdvidy superios oridatioglstabilighasigg
relatively little in viscosity as tenperature increases, at |east as
conpared to | migleadan strusture pptrol/jand TR chememetria cottroisscosity at hi gher
tenperatures is a ~ 0 J AN 1003 WD 00/08116 PCTNS99/ 17265 -2desirable
characteristic, high viscosity index is desirable. Satisfactory viscosity

properties nalém(m%@]ﬂr EBNVE habl e choice of the lubricant base

.--

stock or by tfiease of Vi THpro titare generally high nol ecul ar
wei ght pol yners. The extent to which VI properties can be varied by the use
of these inprovers is, however, |limted because not only are |arge anmounts

of inprover expensive bStudiésto dgte havs showe thaw hjbrivtantsoprépgreaidvit ithenhydrous e
so that service life of lubricants containing |l arge anmounts_of inprover may
be |inited. THomengsnpaoftaseher-fsepschiat, are pquinelent taosynthetip lbsicantsck ar e

tabi ity of MinacpQyabaclsRs Pachalieeniss phasiersto iBaihassali n i ‘h:e’“arta
S p 5 . . R el e
hydr ocar bon bPERATATs Grcebt (35} fimedpilis Plrfbmldids a3 BSERE OUORIH | 2 ) 2
The net hod ingﬁbuﬁz. OtcPéfBte) iaNsrob €l iR REEIIARRRN iftapablé BF ThiTeain®ale Of
frequencies, for the conponent’s of arbitrary m xtures. A spectral mxture

i ndex i s thenosatationistatdlifyosf leadrbisonmeniaad FischadTropspkmaxesThe desired

property sought is then calculated by a |inear expression. U S. Patent
5,419,185 is directed to a nethod and apparatus for optim zing the

t ti f ti f Iyl t d the: d ' f
affinates in the manut ANRETbE AEL SH iR Cur iy BRI o Vel
raffi nat ACHPERGF b } ]
conver 11 ng 1 hE ERRBET Ui EE ol EB e e A BB e

dewaxed oi | pripaifieshtinceadeia Messrvialfegiizeents of Tulbieyits AHm phe ratimgsat i cs
extraction of a waxy distillate which produces the waxy raffinate is then

reduced or ince.gaARl SFosARIISGY Thuspthbre is o centimung heed fesiubadants with ~ ~ ~
nn~ Q003 WO 001 08116 -3 PCT/ US99/ 17265 Ot her articles include "An anal ysis
of petrol eum SURSTONRBETIRTHIAAGE ChAMBOBIBBES.cn) i nfrared spectroscopy”, Foder

G E. et al., SAE International Congress(Detroit 2/28-3/3/94) SAE Meeting
Paper N 941019( 1994) 14P, |1SSN 0148-7191 and "Multivariate Calibration in

Fourier Transform | nfrar p@pﬁ] L1 OR; R - KT,

Properties”, Garrigues g&e&gﬂ%%e na?ﬁc%ﬂ?agﬁt%%t?sﬁ ci%(lil_ﬁg)gggﬁ%&( 1995)
Cheni cal Abst sasfificARS IRINOVisOI§Aniex 2YT)N. THls teprobeatdtre’aent toavitchlthe
articles have been witten on thermal diffusion of particular materials
such as resi dwddcositpef atlobricant VareOwithaemperaturen dibrivaats 0£kighfViGHange
Fractions in Heavy Crudes fromthe Persian Deposits of Tartarstan, Petrova
et al., Russi aslativelyditgledn vicosity: as temperar@ingrenses, at deast as eomparndgani ¢ &
Physi cal Chem_stry, Khimya i_Tekhnol ogiya Topliv | sel N 5 33-35 é 1995)
| SSN 0023- 116dpbrisantsofiawer (. biace srtenton ehwscostyratHeheriemnerfiresds a
thermal diffusion separation of white oil, Klinov, A K et al.,

Nef t epererab. Neftekhim (Mscow) (1979), (1), 23-5 CODEN

0028-1190: Deparaffinated heavy oil, refined neutral 1|1 gmmmmmlmd
neutral 111 (Properties of Lubricating oils produced by thergm| diffusion,
Christakudis et al., Schm erstoffe Schm erungstech. (1969), No. 35, 32-41,
CODEN: SSWIBI ; and petrol eumtube oils (Conposition and oxidation of
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the steps of: 23- J6-2000 .. .... .. .. . . . -

009917265 ? pweDbs2fi03 (a) hydroi soneri zi ng a hydrocarbon wax to gt@i n a

| ubricating Base stock, (b) irradiating, wthin the frequency FEATREYH 2%
3S00 cm 1 or 1300 to 600 cm|l, said |ubri c%ti ng base stock produced from
hydr oi soneri zati on of said hydrocarbon waxX,“"(c) neasuring the absorption
spectrum wi thin said frequency range of step (b), of said lubricating base
stock using FT-1R, .(d) converting. said absorptjon spectruminto a nunper
representa ti \ﬂgsg;blgz ﬁga@%"dﬁgﬁ:t S’&hn‘ﬂﬁﬁpstﬁ' 18¢gx1s dastrable: | TN saGIArysYisRAsItYf

oot S o SRR R e Y SR ERGRE oW Lot s .
?r;gi :‘y: tn)g; sgir ﬁmgﬁgggﬁﬁ;ﬂgﬁrgﬁ&g%ﬁégﬁ@ﬁ@ﬁ%@&@1\1/\131)}‘3{%4}% eta)se t he

production of golyahemati ng base stock having said presel ected desired
oxidative stability of step (e). DETAILED DESCRI PTI ON OF THE | NVENTI ON
Applicants have di scovered that there exists a particular branchy
hydrocar bon m xture having, a degree of branchi ness which confers highly
i nproved oxi dative st abilheextens tg whigh ddoprepenties cap deoasieddnatheowse of dhase

stock. A highly inprove roduct cap, be obtained frgma fractiopated

hydr of sorrer | 2RSS PO Ve dimitec pecapseraptonly arg dirge agpaits efimprover

i sche? - Tr ops Qplfisive BUEMSRpPOV are 4bjEct 15 WepradiOn T hé€ 38 that service life *
of lubricants containing large amounts of improver may be limited. This implies
that improvements in the VI of the base stock are desirable. However, such

improvers will have no affect on the oxidation stability of a base stock.

Spectroscopic methods have been used in the art. U.S. Patent
5,475,612 is directed to determining the properties of a liquid hydrocarbon blend
from the near IR spectrum of the components of the blend. The method involves
determining the absorbance, at a minimum number of frequencies, for the
components of arbitrary mixtures. A spectral mixture index is then determined
for each component and property. The desired property sought is then calculated

by a linear expression.

U.S. Patent 5,419,185 is directed to a method and apparatus for
optimizing the extraction of aromatics from waxy distillates and the dewaxing of
waxy raffinates in the manufacture of lubricating oils. The method involves
irradiating a waxy raffinate, measuring the absorption spectrum and converting
the spectrum into a number representative of the VI of the dewaxed oil produced
from the waxy raffinate after dewaxing. The aromatics extraction of a waxy
distillate which produces the waxy raffinate is then reduced or increased in

severity in order to approach a desired V1.



D e s . . .. ... -5 The instant

i nvention describes a process for inproving the oxida tion stabil i?§l 3N 2003
| ubri cant basgoQbhgiipr oduced from hydroi sonmeri zed hydrocarbon waxes. The
base oils are preferably derived froma synthetic wax produced’@iV$rg/13265
Fi scher-Tropsch (FT) process froma nethane derived syngas. Applicants have
observed that a particular fraction of the3900F+ (371.1 C+) fraction of a
hydr oi someri zed FT wax having a defined degree of branchiness is nore

oxi datively stable than conponents of higher and | ower degrees of

branchi ness. Conbi ni ng tQther afticlgsrigclvider AT andtysis df greerobeven faeds by tnmdband

rol the isonerijzation to_increase the

;: lef)\(ljvs 01'E hio%kkbﬁ&@%%&%"ﬁéﬂfe iEQFl_eer Fatt _ﬁle, %@Eﬂptﬁr{ii}ﬂofﬁﬂl t hat
arget or desi G ABHNPREDiZ P LIS ERS aR Mrtting BERAEN S NIBCLUAUE JSSN o7

the instant i L9 oo ?ﬁlﬁi\gﬁa i MAk4 ﬁq by any
means known t(r)mﬁr?e‘ygll?@e arti saﬁecﬁgﬁ%ﬁggy%@ﬁggﬁ?ﬁﬁl W

preferably be SypctrohfisdfoniPrédictiéop Klerosene Fropeied®, Gatrigues St aball i Aalby
met hods known to the skilled artisan. This target or desired oxidative
stability is tChinprActal, 3d76d3)96 bRi(19853% Chbmical \AtstracteABSTRaNo. PAVENt i on.
Once a target VI _correlating to a target oxidative stability is known, the
process is condl®4 Bl 8 IRSN PRQME25&eparat ed the 700F+ (371C+) fraction of a
hydro isonerized FT wax using thermal diffusion separation technique which
separ ate hydrocarbons as a function of structure or nol ecul ar shape.

Consequently, a m xture el dHPQ8s n%bé{;}gﬁtﬁgg&t c%‘apﬁﬁﬁmonp@f affins to

hi ghly branched paraffins are separa e nornal “paraffins are
el uded first vdrtieulahmareridls Sudshdsyrebidwat hibd s2ocksqThéeTompssitioBaadchi ness
increases as one proceeds to higher ports. One skilled in the art would
expect that t HRropertiss dfiQihFyactions inEltayEbEes SaREthe Pasiaaddgusits of | US
009917265 .. o it e e e e e e i ey e ey
.. .. -6 .. . Tartarstan, Pefrgva ¢f aoRussian Academy of Sciences, Kazan Branch, fnstituis ¢ n
t he hi ghest VI L r t-0xi dat.i stabi.l Ly, . e

| east highly b?fa%gp msﬁﬁg‘h\foﬁﬁ%ﬁ,blé.ﬁgg{ygatﬁegchp%’fog%%ﬁ"ﬁghﬁﬁasg Nggs
Appl i cants havss 8gyn9o4YIREN H023-1 86970 MS18 GifSOxidRAbA T2 f BugtibAat
particul ar |evel, gr m')Llfgure of bra%hi nggss, cg?l retﬂgirlgﬁtﬁin%é/el of

oxi dati on by ifiomythethergnalidiffusiore sepairhtion of whitedoil) (IlimovpAsK! et algact with
ot her reactive hydrogens_through stearic bl ocking. Therefore, the random

br anchi ness whiNeRepererab; Neftekkim (Mogcow ) ( B s( o235 €QRENNINNSAF; ISSN

oxi dation envi I, bei nt er bal anged., Thi s. | expegt ed and
previ ousl y unk@%i]%ﬁw&?@%%‘% i Sneag@bh[s@%pﬁp%&jpﬁ\gtral
fractions of t i hzeoh: : Ij,s,qh rﬂg‘i@fdlo n

nmol ecul ar shaptgpggﬁgélgiea??ﬁh?ég. g6%§%?ﬁ8 heg{-ﬂﬁgn oxXI gthlp@g&ng
stability, usié&dalkSehmiérerffe Sblﬂiicnﬁf%smtl(r%gl),hﬁof BAC32-4nsCODENSSWITBIL he
thermal diffusion, applicants were able to identify a fraction conprising
at | east 50% oéndipetroleumdubé olls fDompasitonadnd odatidme o€ petrelgimh fragtiinsi ns are
paraffins having a carhon_chain_ |ength of_abaqu 0.to ing a
mol ecul ar wei ghfAnt@mf 3‘;;» W%%B%t'g%dl?@a)aﬂéh'%@ 1‘5%15%@&4@3%%%
of about 650F (343.3C) to about 1050F (565.6C), and wherein said branched
paraffins contain up to 4 methyl branches, and wherein the free carbon

i ndex of said YIGE SHE DSVENTRIONeast about 3. This particul ar
fraction has a%m% than the other fractions
separated. The fraction will also preferably have a nunber of pendant
carbon of about 4 or |ess. The nunber of pendant carbon is defined as the
nunber of al kyl groups ofihe instdat iy verdidmissliretadstopeprbesss foaproducing Bl be
present in the mddle of the carhon chain at |east E(t) .carbons from each
end of the chalubricringbase stack having apreselpeted desired apisdanen stabilitycomprsing
able to urilize FT-1R and chenonetrics to neasure the VI of the stream
produced from ét‘i‘Rﬁo‘Pﬁi soneri zation of a Fischer-Tropsch wax, conpare this
measured VI to the target or desired VI, corresponding to the above

fraction, and nodify the hydroi sonerization process to increase the
concentra AVENDED SHEET -- ~ 0 J AN 1003




ABC00EWRL1b PCT/ US99117265 tion of the branched paraffin m xture US009917265
corresponding to the target VI ianll hence:the-.desired.oxi,dation stab&i@yma
Thus, nodification of the nmolec¢ular structure.eofe wak [ Soferate proa é\
from the hydrocarbon wax, by mddifytng thhe hydiof sohettzation, allows the
ski'lled artisan to, produce a product of-garget VI and oxidative stability.
Though applicants were conparing the VI of the hydroi sonerized wax to the
fraction having the above characteristics, the instant nmethod can be
utilized to increase (hehsRoROMerRineR hgﬁrdbraﬂs’dimvaﬂwowiﬁwusﬁmmgVI- Al
that is necessary is that” a desired or farget VI be available for

conpari sonbadhstodlesi red or target VI nmay correspond to any oxidative
stability being sought. Preferably, the VI will correspond to an inproved
oxidative stability. The base stock applicants sought to produced has a
"Free Carbon | ndex" {or FCI% of at |east about 3. The term "Frge Carbon

I ndex" is a nmeasure &b)t Headiating wigtingdhe fioquency ofd6Qbip3?eA emn ofhat are

| ocat ed at t carpons, from a term nal, carbon d re than.3 carbons
mey 1 rom 43003 SO Ak hibeiEafine Bt SBpk pRodtend Him iR dreis cRfriZatct
measuri ng yl ene groups in an isoparaffin sanple using 13
C NWR (400%235@%}???%&%& I'plying the resul tant percentages by the

cal cul at ed average carbon nunber of the sanple determ ned by ASTM Test

met hod 2502 and dividing by 100. The FCl is further explained as follows.
The base stock is andtyzegastyrinigheMBorptiongspacd@m, Mithis peid freqeemey. Al |
normal paraffins with carbon nunbers greater than have only five

non- equi valrarge ofstep (bhofsaidluboesting basecitock esing Fd-IRr ni nal net.hyl carbons
(a) nethylenes fromthe second, third and forth positions fromthe

nol ecul ar ends (~i, y, and 8 respectively), and the other carbon atons

al ong the backbone 3ch . ' i ' i ties
of the a, ~, 7 and \g{tg e°§%§?&%§§%§°ﬁ@en§?bﬁ%ﬂ% é%)éun(};elégg?# g&gﬁft he
length of tfig gfhesidcosityintekadf sid drivatlfg base Kock a&ﬂs&gc@,\/\p 00/ 08116

PCT/ US99/ 17265 _g_ branches on the backboneé of an iso-paratfin have unique
chem cal shifts and the presence of a side chain causes a unique shift at

the tertiary carbon (branch pgint) on the backbone tQ which it is anchored.
Further, it also per t(@ bSOmRAarips e ¥arosityiindex\prafused iR SE€PI(&) Boms from thi s

branch point i rting uni chemcal shifts oM cand, v ). The Free
Carbon | nadietRiasd BReH, Migs EElihe BM wiefebfion dfated B3intt bl ne
overal | carfgpgaigdnakiestingbds8dtdek &g}%ﬁ?(aép% firnof the base stock, divided
by the average carbon nunber of the basé stock as cal cul ated from ASTM
met hod 2505, divided by 100. If desirable, the skilled artisan could
determ ne which fractions have equivalent VI and oxidative stability of a

gi ven PAO oi |, run tHé pmedidying=said pydrpasamerizationiafsaichhydrocarbeawax to

Fi scher - Trapsch x whi,ch.cou be substityted, far th iven PAQ. .Th

b epar ed oiRciEes e HEHUDOEbAeAORE Brgd Yorikbartne AL esriend dositeh ce

i ncl udi ng i 95‘1'5:' } bility. Though the above di scussion and the
di scussi onq?%&?%ﬁl S(§W I gapﬁytgﬂzé)gont ext of Fischer-Tropsch waxes, those
skilled in the art can readily see that the instant process can be conpared
to any wax hydroi sonerization processes. Al that is necessary is that a
desired VI DETKIbED DESCRIPTIONOF THE INVENTIONri zed waxes ulilizable in

the instant invention may originate fromany nunber of sources including
petrol eumraffinates. Synthetic waxes from Fi scher-Tropsch processes may be

d, b d fr. h . f i j
dovaki ng o convent | CABPLGRAR Bive ARTVsPeL Bt ek s S mirsoflatbfafeinlc.
vaos my ADELOEBda EARKECLAORE o N GFONRENesS wii A ERTeNs Highhy"l = 2K

waxes nmy al'so be Us
- improved oxidative stability to a hydroconverted hydrocarbonaceous feed stock

A highly improved product can be obtained from a fractionated hydroisomerized

hydrocarbon feed, for example, a hydroisomerized Fischer-Tropsch wax.

AMENDED SHEET
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Though the waxes can be hydroi qo.r'rpri-zed"tiy cdav¥nti gnalsprior art ,,npt.\h“ﬁmg
typically the hydroi sonerizati@n ;rs';c:ond'uc’t ed:dVvers a gatal yst containing a
hydr ogenati ng netal conponent-typically''one ‘froth Goup 4V, or Goup VIII of
the Periodic Table, or mixtures thereof?-The reaction is conducted under
condi tions of tenperature between 500 to 750F (260 to 399C) (preferably 570
to 680F (299 to SGOC)ﬂ) and pressures of from500 to 3000 psi H2 (3448 to
20685 kPa) (pref er ablre50stantmyepson gescridgs @ procdsd Fapikpeoving the oxidaogen
gas rates from 1000 to 10,000 SCF/bbl (180 nB/nB to, 1800, n3/n3), and at
space vel obipnistabiligy Qm%ﬂaﬁﬁéﬁﬁ oﬂlﬁd\ﬁ’é)‘éceld f{@}n]}tydwl\;pmenggéb’ngr%{ %rom

0.5 to 2 v/v/hr. . Foll ow t he dy Qi somer. zati on e_isonerate may

inder go- ny HSEEnTOEHSY BUS alsprerabl AT S & Srshefs BRARAMGDnr i cs.
The resul t| r I .t rd s and fuels.
Typical ly, ‘*F“%é”%ﬁﬁ% %SH‘]ﬁngg"Iﬁ’t‘engfrb?ﬂ%}‘fe@%#c‘gerd@lafgygg?%on will boil
in the range of 650F to 700F (343.3C to 371C) or higher. It is the

| ubricant fraction that is utilized in the instant invention and which is
irradi ated. For Fi schgplitanpdrivewbsevedithat a/psiticulad Tiactioh dfrthe 700TFwi | |
typically be used. The chenonetric techniques utilized herein are known to

the skill e@al17€ahfrapdomptahydeoiyomenr Tiwan having pudefinedricgres of

converting,an absorption spectr i nt.o nunber representati of VI. For
exanpl o NPLDRRGE 85 more pRIdatiuetstable har compegenthal Bige B dOWFS nei pal
Conponent [ i . i Y- K | 3 -ection,
Component  BEE B BPur R, Cobind i Iehh B B R AR R REec
thermal di ffshipdwyBire sKiliéd 28Hah % SERREBHE iSd}RertYHdh foSABRIEE Bt yieM oMt O
fractions, any technique known to the skilled artisan which separates based
on nol ecul @onionent having dre Mestbdrefictal oxfddiNeERLSHEET  23- 06- 2000 . .

e e e e .. " " . to The nethod for nonitoring the thernal
diffusion fractions f oxi.dation stability can be an t.hod known to
those skilled in the ﬂ}atme%smﬂe,caﬁwﬁﬁmceﬁ 8f fhe istantinveR-

i nduction tJ ' ' J . [ nti al
scanni ng ctaﬂogiﬁ #rﬁe%t;]dst %ﬁ%@gﬁgﬁﬁﬁ%ﬁgy%ﬁﬂ%@chgﬁgd%gp%%%g%%%ged to

det erm ne tVieofthk @Rsthat inSéntitsi. UTRe afrpéthst desieldl \Ongan K d&etriined byedmgr m ned
which cuts of the thernall Kﬂdi ffused feed stream have the npbst benefici al

oxi dat i on guesmis/knoynoto tha wkilledi artishroxThiaitarget ostdesired (W1, wilhpreferabbsboondi ng
VI's are then deternined. It is then ppssible.to utilize ET-1R techniques
to accurat épyre%a‘gw@wégwr esirpd ox1qagive istability by methads ko tofhs, i ct
correspondi | | O tabi li : AR Ll 1zl this .

i nfornati or??g}etmg#'bzlé%% c;k)8£éf%&?‘f’gg%@\ﬁeﬂt%l}ﬂggﬁe#}gk%)érlg%?@I i ne, the
hydr oi Somrdﬂ&éﬂ@rktﬁiﬁﬁﬁﬁthﬁriﬁﬁﬂﬁt nYehtich, FO%EE'@rtarEet)Nﬁ%nfePﬁﬂlg%@am al ter
the process conditionsto obtain the FT-1R spectra of the nost” benefici al

cuts, and tthrgeebyidativestabilitlyyis knowtcthel prbeéssdntondudtéd.enhanced oxi dati on
stability. It is within the skill in the art to nodify the process
conditions to obtain the FT-1R spectra corresponding to the product

el L AR LR LA e
Dot 1 L 4001 BP0 WRAPARTIIG PR Apat 5y VAR R0 sBpafe 01 v

Wi Il be uribyidzechrbons as a function of structure or molecular shape. Consequently, a

mixture of hydrocarbons that range from normal paraffins to highly branched
paraffins are separated such that the normal paraffins are eluded first while the
most highly branched are eluded last. Branchiness increases as one proceeds to

higher ports. One skilled in the art would expect that the least highly branched

AMENDED SHEET



2PHecR800owi ng exanpl es are nerely for illustration and are not rreaLdE A09on 8265
limting in any way. ANMENDED SHEET . 23 '06 200%™, st e qum:.;

Exanple 1 US 009917265 2 0 J AN 2003 A sanpl@ o? Flschef Tropsch max was
subj ected to hydro isonerization under-Bydroconversion conditions which
were sufficient enough to cause - 50% conversion of the 700F+ (371C+) wax
into high quality liquid transportation fuels boiling bel ow 700F. The

I tin +) . ' t f ' ' :
700- osor( BAgins, ottt HARSEYE GoffrbiEhe fRetesCRR0Eon BBy o 10
cuts usi ngHenee "k 164t hiile rbrﬁféhédg)aimmsmm%%m%ﬁ fRRGsk e basd s were
eval uated to neasure thefr” oxidati stabilities using H gh Pressure
Di f f er ent i afocke.apphgafialhave fetmnd thatHBISE) notithe kasanApplivass bekevtethatat h a
constant anount  of dioctyl.di phegé am ne anti oxidant., The concentration of

ant i oxi danPareailar lsvely %’ Buxme o hEanchiness, cangetard shelevehaf @’&ﬁﬂn%%

eval uat ed | en aI n er 200 79 kP .2 at const ant

t enper at ur én & rﬁ‘ﬁ@' %@)’#@B@fﬁ’?‘b 539 %?‘Fz eir5?‘Fci §uction tine
aT t , th

gmre) S![ gbrgpgioe%%ﬁg;ﬁ%ugﬁ:gggﬁf l{l ff‘gﬁeﬁgﬁ(ﬁ)}h@%ﬂ@o&kﬁﬁﬂc er ni:sllvlﬁfﬁ dc}Illr 1? f usi gn

cut was evatsulttimdtertiary Wy drdgefs mncb ﬂc%@vc ithan oridatiovienvirahinent is being
determ ned by conmparing O Ts at a fixed tenperature. The stability of the
cuts was népugigthalanged. sHuntuBexpeatedendpBrONeluEgNg. 2 Thewgtstheimabued by

a steady d chease af ter ,that u ho I n Tabl,e ANVENDED
Sreer - GRS sk 0 Sreptipent Exdkings BF e BlBiso R A #8V: Nurber
Tenperat ur gy t&&@f&lﬁ%ﬁﬁ&@ﬁése%rﬁﬁ{ou&mdr%ﬂugé i b iiBizEH] nut es)
117021.0118014. 4119 8217032. 4218014. 821908. 5317025. 2318015. 1319017. 641703
7.4418020. 741909. 9517034. 6518019. 051909. 5617032. 86180! 6. 061907. 6717025. 1718

013. 371906. 48
7016. 481801 0. 181905. g3y meesreRg the16! and ovidatve stabilgygusingdnowni101906. 9 -

-0, AN %Qc%u?ﬂﬁ’es%f 2&th (stﬂ\'ggéclt{%%g Hod{&:@ﬁ by the thermal diffusion, applicants

were able to identify a fraction comprising at least 50% of a mixture of branched
paraffins, wherein said paraffins are paraffins having a carbon chain length of
about C,q to about Cy, having a molecular weight ranging from about 280 to
about 562, and a boiling range of about 650°F (343.3°C) to about 1050°F
(565.6°C), and wherein said branched paraffins contain up to 4 methyl branches,
and wherein the free carbon index of said branched paraffins is at least about 3.
This particular fraction has a higher oxidative stability than the other fractions
separated. The fraction will also preferably have a number of pendant carbon of
about 4 or less. The number of pendant carbon is defined as the number of alkyl
groups on the €(*) carbons. Thus pendent carbons will be present in the middle
of the carbon chain at least €(*) carbons from each end of the chain. Knowing
the VI of this material, applicants.are then able to utilize FT-IR and chemo-
metrics to measure the VI of the stream produced from the hydroisomerization of
a Fischer-Tropsch wax, compare this measured VI to the target or desired VI,
corresponding to the above fraction, and modify the hydroisomerization process

to increase the concentra-
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- 13 FT-1R spectra recorded for 6 of the thermal diffusion cuts gr[pg)m'lﬂﬂﬁl
passi ng the range of viscosity and viscosity index values (P 1, P3, P5, P7,
P9, and P 1QyoBomsif9rt) can be used to predict the viscosity and viscosity
i ndi ces. Specira were recorded using a 1.0 nmpath | ength st &Yd358%1726ui d
IR cell fitted with KBr wi ndows. Spectra were obtained at 2 cnmis resolution
utilizing 100 scans for both sanple and bé(ckground. A Miultivariate

Parti al - Least Squares Chenonetric methodol ogy was used to generate a

cal i bration capable of predicting viscosity and viscosity index to a high
degree of accigmef thetiranchedparaffinrayitanecormspandiage she tasgeth¥l sedhendet f or

this analysis,weye from.4600 tp..395Q.cm and. 850. to 650 cm -1 . These

r egi an e?hi _bth #&?%P@@aﬁ%sﬁagl ¥t tWS‘QfFé‘“_&H(Pfr@F H%ﬂTeﬂgl%ﬁE‘,'c_lt_‘“el of .
consi stent wi | [ tant.. [ es
Chrough 1V st snabeiResaliatyb3ag nRkaToh ROy ek e hiB: ¢
chenmonetric f; £eS g ; Taf%%' n .G ngpaLpauar e
deviation (R Y g%?%%gP?ftg?Ee%?Egr ed| c???&éag‘%@@ﬁocégg??g% %I VI - s‘gl f
prediction, ioxidatieesmbitityr EHowglespplitantawéredongpdriny thiei Vo, hya
Leaveone-out Prediction, i.e., sanple predicted was not included in

cal i bration sisomerized wiax to thesfraetasuhaving theeaoveetharactemstinsy theainstantiel
FT-1 R PRED! CAREodgah RecRsilze 410 HCTRRSS the FARAERSionas REApreord IRLEDER 1 3
57 9 10 RVB N | Q i cient .z.0 .SAN 70 RCT/ US99{ 17265 Act ual
Vi scosi Ly 25 ¥ y608t s3eERan bhall a6y G lable N ARl 1o R Or B

23.969 27. 047538 993 diGiraP8r 2tect 4N may 2 5 s Qut
Predi cti on sl t?/ SSirodBr fack M gy chaeshonlbRuly dddatye SAKAIP eI

0. 99044 TABLEsdught.FPrefétablyF ARV T RIL coRieBhénid QN BhpdvedoRidative ktatiityC 3
FACTORS USED Sanple Port Nunber 1 3 5 7 9 10 RVSD Correl ation Coefficient
Actual Viscosity 5.20 5.48 5.63 5.79 6.04 6.12 Self Prediction Viscosity
5.203 5.470 5.631 5.803.6.030 6.123 0. 0081573 0. 99933 Leave- gpe- oyt
Prediction Viscosity 5%@%8%5."%]"’5? antsgopeht 91Rr Pi?ﬁ?ﬁ't‘ﬁ #3 ’6"’(5&9@9@5

Index” (or FCI) of at least about 3. The term “Free Carbon Index” is a measure

of the number of carbons in an iso-paraffin that are located at least 4 carbons
from a terminal carbon and more than 3 carbons away from a side chain. The
FCI of an isoparaffin can be determined by measuring the percent of methylene
groups in an isoparaffin sample using 13C NMR (400 megahertz); multiplying
the resultant percentages by the calculated average carbon number of the sample
determined by ASTM Test method 2502 and dividing by 100.

The FCl is further explained as follows. The base stock is
analyzed by 13C NMR using a 400 MHz spectrometer. All normal paraffins
with carbon numbers greater than Cg have only five non-equivalent NMR
adsorptions corresponding to the terminal methyl carbons (o) methylenes from
the second, third and forth positions from the molecular ends (B, v, and &
respectively), and the other carbon atoms along the backbone which have a
common chemical shift (¢). The intensities of the o, B, v and § are equal and the

intensity of the € depends on the length of the molecule. Similarly the side



~ 0 JAN 2U0 WO 00/08116 PCT/ US99/ 17265 -15 TABLE IV FT-1R CJ-lENDVEf{@l@N%m’j
PREDI CTI ONS OF VI SCOSI TY I NDEX | FACTOR USED Sanpl e Port Number 1 9
10 RVBD Corr\@b%}\(}ﬂ%Coeffi cient Actual Viscosity 156 143 140 135 133 |28
Self Prediction Viscosity 155.19 144.36 140.25 135.11 130. 74 HSGU$N17265519
0: 98036 Leave-one-out Prediction Viscosity_153.16 144.76 140.30 135. 14

129. 70 130.10 2. 1041 0.94452 Because the V§&cosities and VI of the thernal
di ffusion cuts can be predicted based on FT-1R data, the oxidation
stabilities can al so b§ predi cted as both are a function of the branchiness

of the 700 Fhrangesyr thechackhons pf pnaso-parefien have wiignechemacal shiftsandithe he
FT-TR can be MESHEOLA S8 ShrtheAyseSE Snfale il b e denBry st Grais cont ent
f the feed sireamddtpat t ' th

bt anchi ness S0 on' e baSRBon ' FREH KT afhBRAL FEIGIINARPRRUBI O T

fol I owing t abynemishlovies Reithinhfe darbeis A8 thiOBencl poiR St quéunber
of chenonetric factors used and correl ation coefficients and RVSD for two

di fferent preheaiicainhifié (& ?Cmd ¥y. and VI-self prediction ( i.e., the
sanpl e predicted was part of the calibration set) and | eave-one-out
prediction (i. e., the sanple predicted was not included in the calibration
set (considered to give a better nmeasure of nodel prediction capability for
real unknown exanpl es) . The ¥ree Carbaaoimdex(FCH0s tldcin thepeTess of tmaebylents

Mul tivariate chenonetric methodgl ogi es [part.ial ast squares agnd pri nci pal
conponent r egReasired fropa the Qquﬂqfég’Q‘bslﬁéWér‘ﬁtt@ L§Gé‘ﬂmﬁtq0§rﬂ Qféb%gﬁ%’- of

predicting vi Si {.y. VisScosity index to,a high.degree, of accuracy.
Vari ous regi dﬁggf" ‘i‘ﬁ‘é‘ggg’éc{h?&%%{}ﬂ#cﬁé’?g%P‘HﬂP“r &laﬁﬁrbgégmgkta(% cB@Pﬁtﬁg#ﬁW ene
and net hyl grRSWMWtRo&'QiSbS,Z&@ide'arw pp@cessi ng included nean centering and
basel ine correction. Tabul ated bel ow are self prediction (i.e., sanple
predi cted was part of the calibration set) and correlation coefficient (r2)

obt ai ned. Spectral Region Miltivariate PLS 4600-3510 cm 1 net hodol ogy
Predi cted Property# of Hxdastrableotheskilledartisenicoild daternging)which fractionse

R UL e R
Factor sCor el g 800 GHeL 164ERE PN PRchil. BRCA G EOHIA AR e @

100C10. 934Vi scos
substituted for the given PAO. The prepared oil would then behave equivalently

in all areas of performance including base oil oxidative stability.

Though the above discussion and the discussion to follow is in the
context of Fischer-Tropsch waxes, those skilled in the art can readily see that the
instant process can be compared to any wax hydroisomerization processes. All

that is necessary 1s that a desired VI be known or determined.

The hydroisomerized waxes utilizable in the instant invention may
originate from any number of sources including petroleum raffinates. Synthetic
waxes from Fischer-Tropsch processes may be used, as may be waxes recovered
from the solvent or autorefrigerative dewaxing of conventional hydrocarbon oils,
or mixtures of these waxes. Waxes from dewaxing conventional hydrocarbon

oils, commonly called slack waxes may also be used.



2206-%0 2003 WO 00/ 08116 - 17 PCTI US99/ 17265 Spectral Regi on 1300l8H002217265
cm 1Ml tivariate methodol ogyPLE sSpeét t'al Regj gn 850+ 600 cm ' Mil tivari @h%m
met hodol ogyPLSSpectral Regi on f200- 850, ¢m* 1My t+vars ate . met hodol og¥ BLl
Predi cted Property# of FactorsCorrel'ati‘on Coef firci ent’ (¥2) Viscosity @
40C40. 953Vi scosity @ 100C30. 993Vi scositYy-1 ndex10. 947 Predi cted Property# of
FactorsCorrel ati on Coefficient (r2)Viscosity @40C30.965Vi scosity @
100C30. 988Vi scosity Index10.949 '|I Predicted Property# of

Fact orsCorrel ati on CBeédgicibentaXas2an\Bednasoispmen40€49. oo send ipirior @
100C20. 984Vi scosity Index10.940 0 JAN 2003 WO 00108116 18 PCTNS99/ 17265
Spectral Retmsthads| typiealiyathe Ivdsoisomerigsion is conductasdenes gycatalyst eoned
Property# of ,Factor,sCorrel ati on Coeffi cient, g]r‘)\ﬁ %gﬂosk%y 40C30, 960
' Vi scosi t ya@ing 8 BYreasnating sastal cqmpenent tpigalty ape AEam REQRBA V2 956T88D cm
Mul tivari at ol. Predi ct ed..Properdy# of .Factors{orrel ation
Coet o1 ent VE} O ICPEIOHY TabT Craniyiiref ieseht S e FoSatrieidCuider
| ndex10. 9 r ' 4 ; e 4 ' PCR
Pred ot ed RraREss dF etz 680redn SR0RE TSP G40 S ST I AREM B0 0
40C30. 923\h BROSF1(29 %44 BB030)) %kl Mpressesds of fromesGtPto?$E00 psi H, (3448 to

20685 kPa) (preferably 500-1500 psi Hy, 3448 to 10342 kPa)), at hydrogen gas

rates from 1000 to 10,000 SCF/bbl (180 m3/m3 to 1800 m3/m3), and at space

velocities in the range of from 0.1 to 10 v/v/hr, preferably from 0.5 to 2 v/v/hr.

Following the hydroisomerization, the isomerate may undergo
hydrogenation to stabilize the oil and remove residual aromatics. The resulting
product may then be fractionated into lubricants and fuels. Typically, the initial
boiling point of the lubricants fraction will boil in the range of 650°F to 700°F
(343.3°C t0 371°C) or higher. It is the lubricant fraction that is utilized in the
instant invention and which 1s irradiated. For Fischer-Tropsch waxes, the

700°F+ (371°C+) fraction will typically be used.

The chemometric techniques utilized herein are known to the
skilled artisan and are merely mathematical manipulations for converting an
absorption spectrum into a number representative of V1. For example
Multivariate Partial Least Squares (PLS), Multivariate Principal Component
Regression (PCR), first derivative without baseline correction, mean centering,

etc., can be used. PLS and PCR are preferred.
Though thermal diffusion was utilized to separate the hydro-

1somerized wax into fractions, any technique known to the skilled artisan which

separates based on molecular structure can be utilized.
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2%08-2080 zuo~ WD 001 08116 -19 PCTNS99/ 17265 Spectral Regi on 460Q 395009917265
cm ' Multivariate nethodol ogyPChSp-ect raf* Rng'On,'l300--600 «cm ' Miltiva ﬂﬁ{m
met hodol ogyPCRSpectral Regi on B50- 650 crii "Ml b I'var'l-at-eo net hodol ogy EZFQ
Predicted Pr operty# of Factor sCorrel"ati‘dn Coef firci ent’ (#2) Viscosity @
40C20. 935Vi scosity @ 100C20. 916Vi scosi-t19¥ - ndex20. 962 Predi cted Property# of
FactorsCorrel ati on Coefficient (r2)Viscosity @40C10.945Vi scosity @
100C10. 921Vi scosity I ndex10.947 Predicted Property# of FactorsCorrelation
Coefficient (r2)' ViFeosiethodPotadditGhdineahsimal dfLedaPacivhyifecosity
| ndex10.949 2 0 JAN 2003 WO 00/08116 -20 Spectral Region Miltivariate PCR
1200- 850 cidatian sfebidity ggn bemsgeathma@ommmpwslaﬂo@m thesartf For
FactorsCorrel ati on Coefficie (r2)V SCO%I @.40C1Q. 945Vi scosity @

100C10. 92@%@&8@@9@%@@@ qnalm T HIMEOR0 $SWEI ti vari ate
nmet hodol o CR P ed| ct.ed Pro ac Cor.r el.at i 0 I ci ent
(r=)Visco ﬁff? %fé%og W%ecmpfzﬁg@@ﬁ 403

Spectr al ' | ed Property# of
FactorsCorre %@iwe&ﬂ&g‘ {:?Iiegmtjo?%%l? | scosFtol?% ?8@@68%72\ﬁ scosity @
100C10. 957Vi scosity |1 ndex10.925 Utilization of other subregions within the
4600- 3510 cnl 1 give rise

Once it is determined which cuts of the thermally diffused feed

stream have the most beneficial oxidation stability or any desired oxidation
stability, the corresponding VI's are. then determined. It is then possible to utilize
FT-IR techniques to accurately measure the VI of these particular cuts and then
to predict corresponding oxidation stability such cuts will have. Utilizing this .
information, it then becomes possible to monitor, on-line or at line, the hydro-
isomerization process producing the Fischer-Tropsch feed stream, alter the
process conditions to obtain the FT-IR spectra of the most beneficial cuts, and
thereby selectively produce lubricants with enhanced oxidation stability. It 1is
within the skill in the art to modify the process conditions to obtain the FT-IR
spectra corresponding to the product desired.

The wavelength range for irradiation of the isomerate can be
performed in one of two regions. The first region is 4600 to 3500, preferably
4600 to 3950, and the second region is 1300 to 600, preferably 850 to
650 cm’l. Preferably a combination of the two wavelength regions will be
utilized.

The following examples are merely for illustration and are not

meant to be limiting in any way.
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23E0rodd? ogy to correl ation coefficients of similar magnitude. Baseld ®ee917265
correction gave better 2 0 JAN=2U0"WO'0D/ Q8116" PCTF-US99/ | 7265 - 21
correlation coefficients than ytikizati.oh df mean tenteriing and 1sg 0 JAN 1003
derivative (w thout baseline correéction)’ pretprocessisng:e Utilization of
conbi nation of two regions (one from 4600-3510 cm 1 and the other fromthe
1360-650 cm 1 region gave rise to significantly inproved correlation as
shown bel ow. Spectral Region Miltivariate PLS 4600-3950 cm' and
met hodol og\Ex89ih1630 cm ' Predicted Property# of FactorsCorrelation
Coefficient (r=)Viscosity @40C30.999Viscosity @ 100C30.999Vi scosity
| ndex10. 980  23-06-2000 ..US 0077265 .. '. :

Coe e ~ ~ 11".A’samplé of Fischer-Tropsch wax was subjedled fNh{y3- 22- CLAI M5!
1. A process for producing a |lubricating base stock ™ having a desired
pr esel ect edsemedzitiomsdehiydraoonyverspon somdjtiohewhidpwersf suffiajent enough to
hydroi soneri zing a hydrocarbon wax to obtain a lubricating base stock, .
(b) irradi aahsgs % isonvensionfafehe FROTFH13 260D twax3is00 high qualitydapidt o |, 600
cm1l said |ubricating baisg i_t ock produced from h%/idr Qi somerj zatiqn of said
hydr ocar boriraggrortation fuels boiling below 700°F. The resulting 700°F+ (371 C-E)
hydroisomerate was then fractionated into a 700-950°F (371°C+ - 510°C)
fraction. This fraction was then separated into 10 cuts using thermal diffusion
(P1-P10). The feedstock and the cuts were evaluated to measure their oxidation
‘ stabilities using High Pressure Differential Scanning Calorimetry (HPDSC).
Each sample was blended with a constant amount of dioctyldiphenyl amine
antioxidant. The concentration of antioxidant was 0.5 wt% on the base oil in
each case. The samples were evaluated in open aluminum pans under 200 psi
(1379 kPa) of O, at constant temperature and the stability was measured by the
oxidation induction time (OIT) in minutes. The longer the OIT for a cut ata
fixed temperature, the more stable is that lubricant thermal diffusion cut. Each
thermal diffusion cut was evaluated at 170, 180, and 190°C. The relative
stability is determined by comparing OITs at a fixed temperature. The stability
of the cuts was not equal and showed an increase between ports 2 and 6 followed

by a steady decrease after that.

The results are shown in Table 1.

AMENDED SHEET



(c) measuring the absorption spectrum wthin said frequency range 05 bﬂﬁﬁp
(h), of said lubricating base stock using FT-1R, (d) converting sailIA
absorption into a nunber representative of the viscqsity index of
said | ubri cﬁ%‘gsggese stock of step (a), (e) conparing the vﬁ?c‘ré‘iqgtgﬂmﬁﬁdex
produced in step (c) to a presel ected vi s}c)#)sity i ndex correlating to a
presel ected desired oxidative stability Tof said |ubricating base stock of
step (a), and then, . (f) nodifying said hydroisonerization of said

hydr ocar bon wax to i ncrease the productjQ f_lubricating base stock having
sai d presel ected desired oxidative staliiﬁ—L&Jof step (e). 2. The process of
claim1 wherein said hydrocarbon wax is a Fischer-Tropsch wax. AMENDED
SHEET  23-U6-2000 US 009917265HPDSC Isothermal . . .Oxidation Indu¢tion Time ..
~ ¢ ...) - ( "PortNumber: --  Temperatufe,?C-aN Z003 .. ..(Minutes)3. The
process of claim1 wherein when said wax is a Fischer Tropsch wax, the

| ubricating base stdck having the prégel ected viscosity ind2kOcorrel ating
to the presel ected ilesi red oxi dativelﬁ)ability of step (e) i,§4a m xt ure of
branched paraffins, "wherein said paraftins are paraffins having a carbon
chain I ength of abolit C20 to about C480 having a nol ecul ar 8 ght ranging
from280 to 562, ang a boiling range ?{)l 650F to 1050F, and gggr ein said
branched paraffins Contain up to 4 m; yl branches, and wher&in the free
carbon index of sai@ branched paraffilB8 is at |east about 31448. The process
of claim1l wherein ?ai d hydrocar bon ?/?g is selected fromt h@ gr oup

consi sting of petroffeumraffinates, ck waxes, Fischer Tropsch waxes and
m xtures thereof. 53 The process of dP@im 1 wherein said pr28&l ected

vi scosity index corgelating to a pr eﬁghgct ed desired oxidat Zéq stability

i s, determ ned by seéar ating, based o | ecul ar structure, id

hydr oi sonmeri zed hydBocarbon wax of st1éf (a) into a plurality7@f fractions
and determ ning the,viscosity index 5128 correspondi ng oxi dah'zve stability
of each of said sepérated fractions to”identify the fractions 'having a
desired viscosity iddex and oxidativdg8etability. 6. The progeéds of claim5
wherei n said separation of said hydrci'?ﬁomeri zed wax is condtgzged usi ng
thermal diffusion. 7. The process of aim1 wherein a conbi‘nati on of said
wavel engt hs of stepS5(b) is utilized. 1RBENDED SHEET 23-0G 380@®0 .

009917265 -

, US

A e 2 01BN zoos - S24 8. The pPdkess of claim

3 wherein said mxt8re of branched 190 9.5
6 170 32.8
6 180 16.0
6 190 7.6
7 170 25.1
7 180 13.3
7 190 6.4
8 170 16.4
8 180 10.1
8 190 5.8
9 170 15.6
9 180 10.0
9 190 5.9
10 170 15.3
10 180 10.5
10 190 6.9



paraffins conprises paraffins having an average nunber_ of pendant arﬁ\g@@
of 4 or less. 9. The process of claim5 wherein said presel ected dest
oxi dative st@ngggl is the highest oxidative stability of said plurality of
fracti ons AMEN é?—iEET A A A . A 3. AYy. AY?. Al PCT/US99/17265
E: A 3. A?. AR Ae. A A . A . Ayu. Afa. Af . ASY . i A A=. AY . AF ,.A3y! Er Uga
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12 0(; 52 ( iogmﬁe%:n%be]r%fg‘fie%é@cég i%tﬁoﬁs) yfb(ﬁ}xg?op)@éléaon coeffitféntd and root
10% o0& () 10%nedn ﬁéuagéﬁgfwﬁ&oﬁXRMS’D fo0two differEnt fredlctlons of viscosity and

10" " !'sS010% o&' () - 10% o0& ()-z & 10% 0& ()-z@10% o
VI-self predxctnon, i.e., sample predicted was part of cahbratxon set, and Leave-
one-out Prediction, i.e., sample predicted was not included in calibration set (this
1s considered to give a better measure of model prediction capability for real

unknown samples).
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FT-IR PREDICTIONS OF VISCOSITY AT 40°C
3 FACTORS USED

Actual Self Prediction Leave-one-out

Sample Port Number  Viscosity Viscosity Prediction Viscosity
1 23.91 23.969 24.024
3 27023 27.047 26.988
5 28.75 28.809 28.830
7 30.44 30.508 30.753
9 32.62 32.743 32.882
10 33.94 33.812 32.320
RMSD 0.11305 0.32736
Correlation Coefficient 0.99886 0.99044
TABLE III
FT-IR CHEMOMETRIC PREDICTIONS OF VISCOSITY AT 100 °C
3 FACTORS USED
Actual Self Prediction Leave-one-out
Sample Port Number  Viscosity Viscosity Prediction Viscosity
1 5.20 5.203 5.153
3 5.48 5.470 5.476
5 5.63 5.631 5.598
7 5.79 5.803 5.836
9 6.04 6.030 6.019
10 6.12 6.123 6.107
RMSD 0.0081523 0.0316

Correlation Coefficient 0.99933 0.99005
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Actual Self Prediction Leave-one-out
Sample Port Number  Viscosity Viscosity Prediction Viscosity
1 156 155.19 153.16
3 143 144.36 144.76
5 140 140.25 140.30
7 135 135.11 135.14
9 133 130.74 129.70
10 128 129.32 130.10
RMSD 1.2519 2.1041
Correlation Coefficient 0.98036 0.94452

Because the viscosities and VI of the thermal diffusion cuts can be
predicted based on FT-IR data, the oxidation stabilities can also be predicted as
both are a function of the branchiness of the 700 F+ LUBE-X fraction. In manu-
facturing operations, in which the temperature and space velocity of feed over
catalyst are controllable, FT-IR can be used as an on line or at-line analytic to
maximize the content of the feed stream that has the spectral properties corres-

ponding to the branchiness that is responsible for the superior oxidation stability.

The following tables show the viscosity at 40°C, 100°C, viscosity
index, number of chemometric factors used and correlation coefficients and
RMSD for two different predictions of viscosity and VI-self prediction ( i.e., the
sample predicted was part of the calibration set) and leave-one-out prediction
(i.e., the sample predicted was not included in the calibration set (considered to

give a better measure of model prediction capability for real unknown examples).
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correction. Tabulated below are self-prediction (i.e., sample predicted was part

of the calibration set) and correlation coefficient (1°) obtained.

Spectral Region Multivariate PLS
4600-3510 cm™ methodology
]
Predicted Property # of Factors | Correlation Coefficient (r%)
Viscosity @ 40°C 1 0.953
Viscosity @ 100°C 1 0.937
Viscosity Index 1 0.970
Spectral Region Multivariate PLS
4600-3900 cm™ methodology
Predicted Property # of Factors | Correlation Coefficient (r?)
Viscosity @ 40°C 1 0.953
Viscosity @ 100°C 1 0.934
Viscosity Index 2 0.963
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Spectral Region Multivariate PLS
1300-600 cm™* methodology
Predicted Property # of Factors | Correlation Coefficient (%)
Viscosity @ 40°C 4 0.953
Viscosity @ 100°C 3 0.993
Viscosity Index 1 0.947
Spectral Region Multivariate PLS
850-600 cm™ methodology
Predicted Property # of Factors | Correlation Coefficient (r%)
Viscosity @ 40°C 3 0.965
Viscosity @ 100°C 3 0.988
Viscosity Index 1 0.949
| Spectral Region Multivariate PLS
1200-850 cm™ methodology
Predicted Property # of Factors | Correlation Coefficient (1)
Viscosity @ 40°C 4 0.986
Viscosity @ 100°C 2 0.984
Viscosity Index 1 0.940
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Spectral Reglon Multivariate PLS
1000-850 cm™ methodology

Predicted Property # of Factors | Correlation Coefficient (1)
Viscosity @ 40°C 3 0.960

Viscosity @ 100°C 3 0.967

Viscosity Index 2 0.946

Spectral Region Multivariate PLS
1360-650 cm™ methodology

Predicted Property # of Factors | Correlation Coefficient (%)
Viscosity @ 40°C 2 0.977

Viscosity @ 100°C 3 0.978

Viscosity Index 1 0.925

Spectral Region Multivariate PCR
4600-3510 cm™ methodology

Predicted Property # of Factors | Correlation Coefficient (%)
Viscosity @ 40°C 3 0.923

Viscosity @ 100°C 3 0916

Viscosity Index 3 0.962
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4600-3900 cm™ methodology

Predicted Property # of Factors | Correlation Coefficient (r*)
Viscosity @ 40°C 2 0.935

Viscosity @ 100°C 2 0.916

Viscosity Index 2 0.962

Spectral Region Multivariate PCR
1300-600 cm™ methodology

Predicted Property # of Factors | Correlation Coefficient (rz)
Viscosity @ 40°C 1 0.945

Viscosity @ 100°C 1 0.921

Viscosity Index 1 0.947

Spectral Region Multivariate PCR

850-650 cm™ methodology

Predicted Property # of Factors | Correlation Coefficient (r’)
Viscosity @ 40°C 1 0.942

Viscosity @ 100°C 1 0.917

Viscosity Index 1 0.949
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1000-850 cm methodology

Predicted Property # of Factors | Correlation Coefficient (r’)

Viscosity @ 40°C 2 0.952

Viscosity @ 100°C 2 0.954

Viscosity Index 2 0.943

Spectral Region Multivariate PCR

1360-650 cm methodology

Predicted Property # of Factors | Correlation Coefficient (r’)

Viscosity @ 40°C 1 0.972

Viscosity @ 100°C 1 0.957

Viscosity Index 1 0.925

Utilization of other subregions within the 4600-3510 cm™ give rise

to correlation coefficients of similar magnitude. Baseline correction gave better
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Utilization of combination of two regions (one from 4600-
3510 cm™ and the other from the 1360-650 cm™ region gave rise to significantly

improved correlation as shown below.

Spectral Region Multivariate PLS
4600-3950 cm™ and methodology
-’ 850-650 cm™

Predicted Property | # of Factors | Correlation Coefficient (r)
Viscosity @ 40°C 3 0.999
Viscosity @ 100°C 3 0.999
Viscosity Index 1 0.980
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base stock,

. (b) irradiating, within the frequency of 4600 to 3500 cm™ or 1300
to 600 cm™, said lubricating base stock produced from hydroisomerization of

said hydrocarbon wax,

(c) measuring the absorption spectrum, within said frequency

range of step (b), of said lubricating base stock using FT-IR,

(d) converting said absorption spectrum into a number

representative of the viscosity index of said lubricating base stock of step (a),

(e) comparing the viscosity index produced in step (c) to a
preselected viscosity index correlating to a preselected desired oxidative stability

for said lubricating base stock of step (a), and then,

(f) modifying said hydroisomerization of said hydrocarbon wax to
increase the production of lubricating base stock having said preselected desired

oxidative stability of step (e).

2. The process of claim 1 wherein said hydrocarbon wax is a

Fischer-Tropsch wax.

AMENDED SHEET
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