; e3ew0t @J6TO{ a w0 00/08116 PCT/ US99/17265 A PROCESS FOR PRODUCI NG A
L'UBRI CANT BASE O L HAVI NG | MPROVED 'OXI DATI VE STABI LI TY FI ELD OF THE {
| N\VENTI ON The i'nstant invention is directed to a process for the producthi on 1

“of high qualw{))‘ &?IRI‘I cant base oils h r oxi dat b?pmsggﬂ%gl ty
usi ng nol ecul ar ructure control andjwmm alﬂmmktrl c controls.
‘BACKGROUND OF THE | NVENTI ON Studies to ave shown that |ubricants

prepared via the hydro isonerization of Fi"S¢f®r-Tropsch wax, are equival ent
to synthetic lubricants, such as pol yal phaol efins (PAO oligoners of

a-decene) in all areas gipRSEES FIICPROMECINGMLUBRIEATTI € per f or mance -

and base oil oxi datgégpséﬂ‘ ggﬁ M?%%QOHWAZEE%ESTA%IEMM which is
capabl e of increasi ' ydr ol SOnmer | zed

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

enpl oyed for passenger car notor oils for use in gasoline engines which
represents aﬂhﬂﬂgwgﬁi n the service requirenments 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 ghi @fstadpivention & diffctedite Atpreces fod tharpoc&luics'on he
viscosity index (VI). This represents the extent to whi ch the viscosity of

a |ubricant Jsdgh geality idbricanplasaoils baving superies 0xidgtion F@Pl Y UelR&nge

relatively litt]Je in viscosit tur , at |east as
conpared to I‘HB‘IFF‘J:IQH‘E“ el°86\%? Wéﬁgﬁﬁc ?’5##% 'vi scosity at higher
tenperatures is a WO 00/ 08116 ~ PCT/ US99/ 1726~i _2_ desirabl e

characteristic) high viscosity index is desirable. Satisfactory viscosity
BACKGROUND OF THE INVENTION

Studies to date have shown that lubricants prepared via the hydro-
isomerization of Fischer-Tropsch wax, are equivalent to synthetic lubricants,
such as polyalphaolefins (PAO, oligomers of a-decene) in all areas of
performance except low temperature performance and base oil oxidation

Q stability. Therefore, a process is needed which is capable of increasing the

’ oxidation stability of hydroisomerized Fischer-Tropsch waxes.

At present, the API “SH” rating is currently employed for
passenger car motor oils for use in gasoline engines which represents a
significant increase in the service requirements of lubricants from past ratings
(e.g., API SF or API SG). Thus, there is a continuing need for lubricants with

superior performance characteristics.

One of the performance characteristics which is of greatest
significance is the viscosity index (VI). This represents the extent to which the
viscosity of a lubricant varies with temperature. Lubricants of high VI change
relatively little in viscosity as temperature increases, at least as compared to

lubricants of lower VI. Since retention of viscosity at higher temperatures is a
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properties may be conferred either by sui table choice of the lubricant base
stock or by the use of VI inprovers which are generally high nol ecular '
wei ght pol yners. The extent to which VI properties can be varied by the use

of these i is, however, limted because not only a nount s
of i npr ove?p‘ggé@h@féve but the inprovers are subject to deg?‘iﬂh?‘f*‘gﬁz“?n use
so that service life of lubricants contai,ning | arge anounts of inprover may -
be-limted. This inplies that irrprovemaﬁtzs' in the VI of the base stock are
desirable. However, such inprovers will have no affect on the oxidation
.stability of . ) LG ; ; bl he art.
5. Pt ent sOsFPAD BufiEteysHE RN SRCARY indlhl 1 QESrabRY SatRBRiMty Ycoiy P, O 4
hydr ocar bon bbﬂ)?érﬁeﬁmytﬁwcdiﬁafed dRhepby tuitabloéhdiceoftherhdmivantbase stogk bl end.
The net hod involves deternining the apsorbance, at, a rin ni num. nunber of
frequenci es, Pbby theaise fyd impravers whicharg gengr Q‘:‘,’.ecﬂiaarﬁ%eé@#al i xt ur e

i ndex is then dleterm ned for each conponent and property. The desired
property sougﬂ?yfnser%hen calculated by a linear expression. U S. Patent
5,419, 185 is directed to a nmethod and apparatus for optim zing the

extraction of aromatics fromwaxy distillates and the d Waﬁ\lgn% o% waxy
raffinates in the manufBhs extentde wWhigh VEpropatgies cam be yae &5 gt theSes

conver t1 gt PERBRVER At ARG AR E AR ROE ol aRY ke BpoRRELL R0,
dewaxed oi I prQAUERA Hut BB irfiRoVadre'sBbjeb iR gfidafién tewssonbat séivicedifenat i cs

extraction of a waxy distillate which produces the waxy raffinate is then
reduced or i noftubsizdnts coutaining laygd amountsof mpraysymaache é‘“ﬂé@-i Thig igplies \\p
00/ 081 16 PCT/ US99/ 17265 -3 .Cth arkicles include. A a ' petrol eum
fuel s by mdb “PBWG’-“&BS/‘&W%?&F@&%%%@E ?‘82‘1’?8{)@1‘?' gg'é?érses‘&. et al .,
SAE | nter nat i gpal JeaniFmsve DR diRict o e tnddation 4lablifty oFadiaseigoBlaper N
941019(1994) 13@?{9 SSN 0148-7191 and "Multivariate Calibration in Fourier
Transform Infrared Spectronetry for Prediction of Kerosene Properties”,
Garrigues S. et al., Angl. Chim. Acha., 3l 7(1-3 - 9 e cal
Abstracts ABSTR No. 9218Beclfofenpigme °P§§?\Ye0‘§f5§-%%ggl.]&gé€/téﬁgp glr}#cl es have
been written ayfse{IR didbielts aRrAhilithE phéfeRies Briadidu Rydiucirbes bleadi dual

t ube stocks (The Conposition and Properties of Gl Fractions in, Heavy
Crudes from t HeorPdesnenn IDspetiuns ofthe Tampanentsiof thedilend, sTheymethod inyekess 4
Acadeny of Sciences,, Kazan Branch, Institute o i hcal

Chemi stry, Khiqeﬁ‘%ramnﬁ PERGACE, 3% FHpum M&F‘%@ 9§§E?X’ig‘g5) | SSN
0023-1169); My Gyfdnksts CP4HRIYIRixAREN CAGYedtial HiR@td Mdex iy then tetermined nal

di ffusion se;l\)/g:rogﬁggh&%f %i te’oi Ix, Kli m)g, A K et al., Nefteper e‘I:le.

Nef t ekhi m ( Mbsfopedch(domtmnent and property. (Hipedesiiipraperty sengiasthen ralgulated

Depar af fi nat ed he&\i%/ oil, refined neutral Il and hydrofined neutral 1lii
(Properties ofbY &HR¢ALXPIESSIBRY s produced by thermal diffusion, Christakudis

-

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.



et al., Schm erstoffe Schni erungstech. (1969), No. 35, 32-41, CODEN:. SSWBI ;
and petrol eum | ube oils (Conposition and oxidation of petroleumfractions,
Cranton, G E., ‘'Thernochim Acta (1976), 14(1-2), 201-8 CODEN:. THACAS. SUMVARY

"OF THE | NVE instant- i nvention is directied. to a pr f
produci ng ah@éwp%;g?e g’%&é%”é&lgﬁéat I on

I ng base stock having a preselected de
stability conprising the steps of WO 0Q/ 08116 PCT/ US99/ 17265 -4 base
stock, (a) hydroisonerizing a hydrocarbdrn™wax to obtain a |ubricating (b)
irradiating, within the frequency of about 4600 to about 3500 cm 1 or about

1300 to about 600 cm 1, . .said.lubricati. base.

hydr oi soneri zati on of EfW'&F%gﬁf#&n%%af)%géﬁe?gg{%g&ﬁh%j gﬁ?&?gt I on
spectrum w L@bﬁoﬁ%bﬁn{)ﬁﬁﬁ%ﬁ%?gd@%%y@f F6det1G.(I)et abf SABilnteinatiohalat | ng base
stock using -I'R, (d) converting said absorption spectrum int Z&@nurrber

represent at i vEongretsiBetroit 2/28+-3/3/%4) §AE Meeting Baner by PEEIOGPIH AL, k of
step (a), (e).co I ng, . Vi scosd t.y index ' C) to a
presel ect ed v%%_qzﬁkﬂfﬂnégﬁ}%‘??téww%“ﬁ%ﬁgﬁﬁg%‘?g‘&iﬁggﬁe?ed oxi dative
stability forgﬁﬁd_ fof PiddiioRVTK crbseak Pobpeitied?, Gairiguan 8. ethudn) Anal.)

nmodi fyi ng sai ydroi Soneri zation of said hydrocarbon wax to increase the
product i on of Chitisr Actas, Bh3(163)96- 9561995 Shemirad Abstraste ABSIR Na. HelOr ed

oxi dative stability o ( DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Appl i cant's hayézﬁil\icso&éﬁe&?qgﬁgsst here exists a particul ar branchy

hydr ocar bon m xture having a degree of branchi ness which confers highly

i nproved oxidative stability to a hydroconverted hydrocarbonaceous feed
stock. A highly inproveSkverabdrticlesdmve beemiyritten ed theronal diffusiont0fonat ed

hydr oi soneri zed hydrocarbon feed, for anmpl hydr oi saneri zed
F?/scher-Trops@mtig{g@_r materials suc asresu?ualﬁi)crgoc% (’?’hc &omposn on and

Properties of Oil Fractions in Heavy Crudes from the Persian Deposits of
Tartarstan, Petrova et al., Russian Academy of Sciences, Kazan Branch, Institute
of Organic & Physical Chemistry, Khimiya i Tekhnologiya Topliv I Masel N.5
33-35 (1995) ISSN 0023-1169); MS-8 Qils (Oxidation Tendency of Fractions
from the thermal diffusion separation of white oil, Klimov, AK. etal,,
Neftepererab. Neftekhim (Moscow) (1979), (1), 23-5 CODEN:NNNSAF; ISSN
0028-1190: Deparaffinated heavy oil, refined neutral Il and hydrofined neutral
I (Properties of Lubricating oils produced by thermal diffusion, Christakudis

et al., Schmierstoffe Schmierungstech. (1969), No. 35, 32-41, CODEN:SSWTBI;
and petroleum lube oils (Composition and oxidation of petroleum fractions,
Cranton, G.E., Thermochim Acta (1976), 14(1-2), 201-8 CODEN:THACAS.

SUMMARY OF THE INVENTION

The instant invention is directed to a process for producing a
lubricating base stock having a preselected desired oxidation stability comprising

the steps of:



WO 001 08116 PCTNS99/ 17265 -5 The instant invention describes a process for
i nproving the oxida tion stability of lubricant base oils produced from
hydr oi someri zed hydrocarbon waxes. The base oils are preferabl'y derived
froma synt i produced using a Fischer-Tropsch (FT) roma
met hane derh&éa&gﬁﬁéas. Applicants have observed that a paF$P@%§§?m$raction
of the 700F+ fraction of a hydroisonerigfg FT wax having a defined degree
of -branchiness is nore oxidatively stable than conponents of higher and

| ower degrees of branchiness. Conmbining this fording with FT-1R and
chermonetrics, then all Skilile '&%ﬂ, Bthinl IRILHS i zation
to increase the yield g %%gﬁgﬁbkﬁgfﬁﬁéht e‘%ggﬁggggeficial oxi dative
stability. Alasé ftotk,i s necessary to carry out the process of the instant

i nven tion is that a target or desired viscosity index be known. This is
the preselected VI of the instant invention. The target or desired VI can

be determ ned by any n . | | get or
desired VI will pref e;@& %ﬁ@gﬁ%’@nggﬁﬁﬂ% %%Hggfag?dgﬁgora{ed oxi dative
stability by yspbhasiSoraboun1300 tolaboatd00l cm!', zaid labricatifigitase stogk pragiucetbsi r ed
oxi dative stability is the preselected oxidative stability of the instant

i nvention. Oftemayteoispmerization pf saidhydrgcariom wax, get oxi dative stability is
known, the process is conducted. Applicants separated the 700F+ fraction of
a hydroi sonerized FT wax using thermal diffusion separation technique which

separate hydrocarbons @8 andadiiiig e abSorption Sectramo wvithini said frequerttype.
Consequently, a m xture of hydrocarbons that range fromnormal paraffins to
hi ghl'y br anchmadgpef step (sofsaed bbpigatingsnse stork usiag KiRnor nal paraffins are
el uded first while the nost highly branched are el uded | ast. Branchiness

i ncreases as one proceeds to higher ports. One skilled in the art would

expect that the |east Ryghlonverkinpehahbisrpabda spestruhtintea number representa-

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

(¢) 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,

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

oxidative stability of step (e).
DETAILED DESCRIPTION OF THE INVENTION

Applicants have discovered that there exists a particular branchy
hydrocarbon mixture having a degree of branchiness which confers highly
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.



WO 001 08116 -6 PCT/US99/17265 with the highest Vi, would show the greatest
oxidation stability. Hence, the |east highly branched paraffins would be
sel ected for use as.base stocks. Applicants have found that this is not the
"case. Applicant ieve that a particular level, or mxture_ of

br anchi ness,\%@g?\/m?gl ard the level of oxidation by interferFig WMt H%he
ability of hydroperoxides to react with gther reactive hydrogens through
stearic bl ocking. Therefore, the randoni bfanchi ness which result in
tertiary hydrogens nore reactive in an oxidation environnent is being

count erbal anced. This Ls_unexpected a i ousl T t her mal
di ffusion was used to @5§S§'§W¥$&g??§g%°?‘§§§a§#{’°€ %seﬂﬁéﬁﬁ%éﬁnvg&é?:dggg wax,
any net hod ofseatifty silubacmd bask dillRediced frohehpdrotsonteeized hydroextboby
measuring the VI and oxidative stability, using known techniques, of each

of the fract iwakesphdbassioilsare peeferabhnddrivei fram p symthefisWas Pdicedre able to
identify a fractiop. co i Si | east . 50% of .a_m,xt ur.e ranched

par af fi ns, V\HPF%E‘?’]E?%%P{)‘QP%?’%@ pﬁ?"&%ﬁ?‘é‘fq‘?‘ﬁ@aﬂ%ﬁ ‘lg’;édasygg?%on chain

| ength of about C20 to about C40, having a nol ecul ar wei ght ranging from
about 280 to about 562, and a boiling range of about 650F to abogt 1050F,
and wherein sai d brancigplipantshévensbservet shat aiparticular frastiop of thea?3EE,  and

wherein the free carban jindex of said branched fime is at least about
3. This part | BeRtien of adudroometeed i e hagie dAcped dedisf of PIRERERhe o her

fractions sepabal Gearafy, WABE Wl cohdne s o LR} A Rhver BBYRegonUDeEr of

pendant carbon of abou or less. e nunber- of pendant carbon is defined
as the nunberbrafictdhdsg) Conthipimgdhs findirg( with FAcIRoarad chienomatries) gren adlamsons
will be present in the mddle of tﬁhe car,bon chain at easeél sé+ car bﬁns
from each endthgmkilled agtisanio crmzalithe isomerigation tojpsreasehe yield o qhts are
then able to s L d P é'iﬂ:qal(ia:fm LAg,t 0 neasure the VI of the stream
pr oduced fromH%Aeéﬁlgég%-sltggﬂnerl zat | ongg%{agﬁ 'scher - 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 WO 00/ 08116Albtipkisorpressapsto carry qub theproeess of the JOSARE IgXens, ¢

M xture corr exRRdhRc, fafudk 3P db &t fisolhinr el BRSRobile TRSH IREpRYLIERE 0N

stability. Th ion o ecul ar structure of wax isonerate

produced fronvylag tHeyidstaseinbentiona XTheltirgepot dasired Vil lven by determined byzayi on,
allows the skilled artisan to_produce a product of, t et. .Vl .an xi dative

stability. Thoegns kngwn tohe skilled artisgny dbe taygetar dgpirest VI wll Rysiers ri zed

wax to the fraction . hawin e (=T flbffetthaet hod
can be utili z891"?18{;'9H@ﬁ%\%@%ﬁ%%gg%@e(%{}%tﬁégﬁib%&mﬁ%?&%avi ng any given
VI. Al that kkilie@ariasr Thistaigensr destted oxiddtivy stabiligets thé pieselested | abl e f or
conparison. The desired or target VI may correspond to any oxidative

stability bei ogidetiveystability of Geanstant inveation. @ince adaeeteheAEElBYNER & npr oved

oxi dative stability.,The ck i HgE to produced has a
"Free Carbon P‘HE%‘X‘X“ Veﬁ%%?ﬁx$£§‘£°"('g§§%1"§°§§§&f‘s §8 %aedferm "Free Carbon
| ndex" is a nmeasure of the nunber of carbons in an iso-paraffin that are

| ocated at |east 4 carbons froma termnnal carbon and nore than,3 é_alf)bons
away from a side chai n. Applicaneiseparated the 3peTEif fragtionnf ahydpeisiperzsdd oy

T3¢ MR (400 Maganate pmal iy P trorbi i R 3 i ByBRRRBI ST 1O

cal cul ated av R RERREsr AbleciRr Sitipe! CotsédietiilyetminurSFM Test
met hod 2502 a%%%glﬁl\‘ll I ng by 100.rThe FCl is frut heqrhrexgl ai ned as foll ows.

The base st octyidfocarbohy thead range & Nvfnal paraffins tdgghiytbranshed parabling are A |

| ffi i th b nb ter t Ly, o]
on- equl val entscaedduh fer edoEaal eartiaiart ebaed et PRk ERORIBF car bons
(a) methyl enesor%‘{c:ﬁgh H&eelggﬁﬂggt Brahéin&8 Indredskad b proeedsits Righehports.

nol ecul ar ends
One skilled in the art would expect that the least highly branched paraffins, those




respectively), and the other carbon atons al ong the backbone whi ch have a
common chemical shift (s). The intensities of the a, (3, y and 8 aré equal
and the intensity of the s depends on the Iength of the nolecule. Simlarly
t he side VWD 00/ 08116 PCT/ US99/ 17265 -g_ branches on the backbone of an

i so- par af f i "RV que chenical shifts and the presence bfVRS1#8 chain
causes a unique shift at the tertiary carbon (branch point) on the backbone
to-which it is anchored. Further, it als®-perturbs the chemical sites
Wi thin three carbons fromthis branch point inparting uni que chem cal

St nyl enes wishdhw highdsh Vi wold Sbow dhe BeaeBk e dtnnislabify” B Jfe AR
PR e S o st

stock as cal d by 100. |f desirable,
the skilled ajgdveTaindtut thighetet thervaserhApplidantsdreliovesthabw partiquiay lgvehOr i and

oxi dative stability of a given PAOaQil, ru he,progess. apd. pr. a
![lﬁbri cati ngA%ixﬁmeemﬁh baarchines %rcli“T F@H&k‘jﬂe %:rg’gpﬁﬁ’i!ﬁ ydmgzépeg]g?s‘ﬁ pf{llj‘tglefj f or

e given .. .The Qrepared. . Hdgéas an dtenrigl | areas
of perfor mnc@*ﬁc?ﬁﬁ'ﬁﬁ%}’egg’ggésc}ﬁ@%ki%‘%‘[ [ v% gt abi |1 ty.g Thoughght he above

di scussi on angof g dirsesRsieome sindond branchinesswhide ol sestiary hydrogens
Fi scher-Tropsch waxes, those skilled in the art can r&agl I%/ seg kdat the
i nst ant pr ocermremactie inampasidation SnyKONMEnt 1%, PeIPE 9 "an%lsécesses.
Al that is necessary ig.that I.red AU diffusidatvdsise@eb The
hydr oi soner i zgﬂe’ﬁﬂﬁ%é aﬂan‘?V}%‘ﬁfye‘gﬂﬁ‘?]“’?”ﬁe Tl\ﬂr?g?gnt | Mnt Fon may ori gi nate

from any “U”bgé aPlte BRUERons BE thediydebigsmidrivied wax; afy inetitodsof separatien i ¢ waxes
from Fi scher - rpopsch processes may be used, as may be waxes recovered from

the sol vent obasedtomrmblecyjar shape canibewsilized- of conventional hydrocarbon oil s,
or m xtures of these waxes. Waxes from dewaxi ng conventi onal hydrocarbon
oils, comonly called slack waxes nmay al so be used. WO 00/ 08116

PCT/ US99/ 17265 - -9 Thogghdabiginpothe V1aaa ordative sabilityyaisingdchown convent i onal
prior art nethods, typically the hydroi sonerization is ai%nduct ed .over a

catal yst cont aéchiniynes, dfiedclogbthefractjomsepratinesdrhyohe thermphdidinsiop, gpplicats
G | G VI 1l ,of. .the Periodic.Tabl ' h
Ceacbion i o covetesblédo WS £ Gaahd Subrsiog atlsat 307 &f dEule W pBlched 1O

750F (prefera QRid (ARTIRS BeparaBind hafing mcaftdntobaipdeaethof Hz g
(preferably 58%‘%@% \%%IQEZ), at hydrogen gas rates f,rog1 10Q0 %2@(} , 000
SCF/ bbl , and aiboap@ggto/aiomt Oapekaving amlqca?@ev%shtﬁ%%. Py 3po I hr,

referably from0.5 to /vl hr. Fol ' o ' rj ' e
Psorrer at ey may @ﬁ&%?% an GX’S\MF?%%O’i@WgFg%q ?ﬁg 'e&?ﬁ g%?rﬁadﬁg%%ﬁoaﬂém

i dual | Ai Kerent ¢ carbpnt
st dual 8" OTidhed BARTES Ui Spt il Tindtos ulloukersintho :

| ubricants a ypically, the initial boiling point of the ‘
| ubricants fr aadeof suid branchéd panaffine is atrieast aboutFo KhiSRUHCYIEr FAGHONNRASA Gher

! t_ s the | Ubrllliger}toxfiéaatli%te Is?ar‘t])il}t)rr] %EanI tﬁe ghxlelr %ggoﬂsnsebﬁgtehp%@'ﬁacﬁon 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 chemometrics 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-



i nvention and which is irradiated. For Fischer-Tropsch waxes, the 700F+
fraction™will typically be used. The chenonetric techniques utilized herein
are known to the skilled artisan and are nerely mathemati cal manipul ations
‘for converti sorpti.on spectruminto a nunber repres ' f V.
For exanpl e ‘Rﬁpﬁ%ﬁfi ate Partial Least Squares (PLS), Ml t?gélglg%ﬁz‘g
Principal Conponent Regression (PCR), first derivative w thout baseline
correction, mean centering, etc., can bé’used. PLS-and PCR are preferred.
Though thermal diffusion was utilized to separate the hydroi sonerized wax

based on ol coen o e pehey Bl iebit donis st s b sBe NANBELE 2 0
- 10 The net hid deSired itiitivnl stabilitye THue/ wBlifidafiéniof the nisleailucstmcture of
oxidation stability can be any method known to those skilled in the art.

For exanpl e, wesisomensaproduced Fonxthe aydracasbegvax, by modityingthsdydrgn

Pechni ques. cattoprpdian. Ao, kel S of@lhcp 3 pragits of LGSRl ™
fractions. Onggdaivd statiifi&ye! Tﬂd&?ﬁ aphlilatsowére comphatifig tieevivef thy herdfd-used f eed

stream have the nost benéficial oxidation stability or any desired
oxi dati on st aisohietized whx ta therfeastion bavigg the aboye shataeterigigsetheiingtant |t is t hen

ible t tili FT- I R, J .el . th
Por Ll cul ar cumetigdpen pEralises FolgrEas e -BSRaaAR D CERTRLE kel sifen ' Joob
cuts will haveg Wi hheish@cdsthry ié ﬂi;z]l%'ﬂ@éiféarbr thriget Ve Be ROARBRSfOP@SMPRAI-€ tO

monitor, on-line or at line, the hydroisoneri Zzation process producing the
Fi scher - Tr ops idonf &he desirethon target ¥1 mayeomespasito any exidative stabiligpbeing t he

FT-1R spectra of .the nosj, benefjcial cuts,,and thereby sel ectively produce
| ubricants wi ﬁW@ﬁthFg%&{”axﬁl?M \YHP%P?‘H V.anl‘fnﬂrgve%y%&?ﬁvﬁ Sf%zh kill in
the art to nodify the process conditions to obtain the FT-1R spectra

correspondi ng to the product desired. The wavel ength range for irradiation
of the isonerate can beTlpebdsestoek applicants swaght/to predyicod has afiEregiGasbon egi on

[ bout 4600 t bout_35Q0 | bout, 460 bout, .3950 dth

Ischngur egi on Imgsxglg&quﬁyg"@f {egsrt%g{it?£6 ?te%%éfé?eagll{bgﬁ@%‘?ﬁ’u‘t é%b‘ngs%gout 250
1. Pref | [ i . ' i b

cm refer at%??rﬁa%%%}%wwhgﬁse af a,{llgg.wagr | tited 8P1cRstS ddrbdnsbe

utilized. The exanples are l'ustration and are not
neant to be | iffonk %€ miitalasbonend 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, y and 3 are equal and the

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



...-1C" "I 4 A sanple of Fischer-Tropsch wax was subjected to .
hydr oi soneri zati on under hydroconversion conditions which were sufficient
enough to cause = 50% conversion of the 700F+ wax into high quality liquid

transportati fuel s boiling bel ow 700F. The resulting 700FE+ | Somer at e
was t hen fré’gcp?%%glt(’ed into a 700-950F fraction. This fract CoTﬁ'y%glg.B% en

separated into 10 cuts using thermal diffusion (P1-P10). The feedstock and
the cuts were evaluated to nmeasure their oxidation stabilities using Hi gh
Pressure Differential Scanning Calorinetry (H'DSC). Each sanple was

bl ended with A,?@Rg?{;@ﬂ}e.@%gagqg&gﬁhm R BiquiBheficid shid iald e  The

concentratio ntt oxi % on the base oil in each case. The
sanpl es wer e peesehesaéfoalsiie chyin kavdes aiuniquepshifsatthel tarti@yGagyin (brangh at

tant t t dth tahil it d. h Ldati
nducti on' &1 eLELPTshg pckbeR B oh f BHReG: darien if ird ROl 8 LT vea
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stability is ég@mmlﬁgg(&ygcmy_i ng OTs at a fixed tenperature. 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

}""2'2 '8'.9 9 910 10 10 The Frecabarbon indemdECTCs Shedy e pesteih i Sipepdiene?  50% o
170 180 100 TEPsid 08 e Bvercaign B dd A DI MR ek o e o Ti e
(M nutes) 21. Qodkd dividedbydthe/avérhg cfrbbn Abmberl&f the basesstarkrasicaimlatedfromz . 6

19.0 9.5 32.8 16.0 7.6 25.1 13,3 6.4 16.4 10.1 5.8 15.6 10.0 5.9 15.3 10.5
6.9 ASTM method 2505, divided by 100.

If desirable, the skilled artisan could determine which fractions
" have equivalent VI and oxidative stability of a given PAO oil, run the process
and prepare a lubricating oil from a Fischer-Tropsch wax which could be
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 is 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.
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di f fusion cuts encom passing the range of viscosity and viscosity index
values (P1, P3,” P5, P7, P9, and P 10, P = Port) can be used to predict the
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root mean square€ deviation (RVBD) for two different predictions of
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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-
isomerized wax into fractions, any technique known to the skilled artisan which

separates based on molecular structure can be utilized.



Because the viscosities and VI of the thermal diffusion cuts can be '
predi cted 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. | turing operations, in which the tenper space
vel ocity of mygggb%\;f‘cér catal yst are controllable, FT-IR cana%’lé}[]%s?g %s an on
line or at-line analytic to maxim ze thegontent of the feed streamthat
has the spectral properties corresponding to the branchiness that is
responsi bl e for the superior oxidation stability. The follow ng tables show
the viscosity at 40C, Hf{QGmethod o mdnitoring the thennilaliffodior fractionstfor ¢ factors
used and correl ation coefficients and D for two different p\%_gdi ctions of
vi scosi ty andoxilationl stabilitydianttiecany methed knowietosthass ithe at- KOE part of
the calibration set) and | eavezone-out. predi ction (I.:e 1. |l e
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[partial | easbe aspdaodsteamihethe molgenlar songturecofithe Sigetdensi on] were utilized to

generate a calibration capable of predicting viscosity and viscosity index
to a high degree of accuracy. Various region of the spectrum which exhibit

features due to both | ie RSdefdrmhiTatWhikh 9RO the'@EANAlly diffasel feed

Pre-processing included nean centering and baseline correction. Tabul ated
bel ow are sel ftrqanebavetthemast beneficiahnyidation stabitityeor anysdesired oxidation

calibration set) and correlation coefficignt (r2 ht ai ned. .Spect r Regi on
Miul tivariate PR dhe 00y185PE gﬁétsﬁfﬁj Bgﬁteﬂlh@ﬁht?‘e‘a RST gogfﬁi&e
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net hodol ogy Pﬁﬁﬂﬁdm&&ioﬁ’dhgem&#imfsmmy" ausiCouts evitlthavey Utilizingdhisnt

(r2)Viscosity 40C10. 953Vi scosity @.100C10. 934Vi scosi ty..l ndex20,963 WO
oumationg i therybegonies PSFSI‘;‘@&? W“W'Waﬁﬁ%t%l%%ﬁiéﬁﬂ 600 cm 1
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(12) Vi scoo) y “EerorRARR o Rind B FRALCTicRoPL 100 skomy MEr S o,
gpect ral #Re ]gi 2Ebd¥hd édnditionstte oBlath e FTEIR spuetra ofitiehmast| beysfichaloits; aad
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t Co | ati fficient 2) Vi scqsi.t - .
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Mil tivariate Bhg.l1400a8pth fdtadt (IHIEHAE BYocess 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 about 4600 to about 3500,
preferably about 4600 to about 3950, and the second region is about 1300 to
about 600, preferably about 850 to about 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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Multivariate PLS 1360-650 cm 1 net hodol ogy_ Predi cted Property# of
Factors' Correl ation Coefficient (r2 )Viscosity @40C20.977Viscosity @
100C30. 978Vi scosity Index10.925 Spectral Region Mil'tivariate PCR 4600-3510

cni 1 net hod%di cted Property# of FactorsCorrel ati on Coefficient
(r2)Viscosit .923Vi scosity @ 100C30. 916Vi scosity I ndex30.962

PCT/ US99/ 17265 Spectral Region Miultivariate PCR 4600-3900 cm ~ net hodol ogy
Predicted Property# of AgahplevEFischermTiopsctomes Wasisebjected 9 bydroosity @

40C20. 935Vi scosity @ 100C20.916Vi scosity | ndex20. 962 Spectral Regi
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(72) Vi scosi Ly S B B e e I ecasi iy | ndex10 940
fractionated into a 700-950°F 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 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 at a fixed temperature, the more stable is that lubricant thermal dif-
fusion 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 .



WO 00/ 08116 PCT/ US991 17265 -20Spectral . Region Miltivariate PCR 1200-850
crri' methodol ogy Predicted Property# of FactorsCorrelation Coefficient:
(r2)Viscosity @40C10.945Vi scosity @ 100C10. 923Vi scosity | ndex10. 940
Spectral Regj tivariate PCR 1000-850 cm 1 met hodol ogy, '

Property# ogbﬁg% oJr6sCor relation Coefficient (r2)Viscosity ‘@‘r"?&%w
40C20. 952Vi scosity @ 100C20. 954Vi scosi t y,l ndex20. 943 Spectral Region
Mul-tivariate PCR 1360-650 cru 1 met hodol ogy Predicted Property# of
FactorsCorrel ati on Coefficient (r2)Viscosity @40C10.972Viscosity @
100C10. 957Vi scosity |1 ndex10.925 Uil i zagigmi of ot her subregions within the
4600-3510 cm 1 give rise to correlation coefficients of sinilar magnitude.
Basel i ne correction gave bettefppsc isotherntdP 00/ 08dfAafor (hdoRfod TRAS - 21
correl ation coeﬁfiﬁ@s t han | F'e??ti# og~0f nean cent Mi@e nd 1st
derivative (wt b ¥L1 i ne cor P& n"y I e- processi ng. ' zat i on of
conbi nation of two regions (one fronfv@600 3510 cm 1 and 2Ad other fromthe

1360-650 cm 1 regqi op gave rise to sil%li ficantly inproved gofrelation as
shown bel ow. '

1 190 5.8

2 170 32.4
2 180 14.8
2 190 8.5

3 170 25.2
3 180 15.1
3 190 17.6
4 170 37.4
4 180 20.7
4 190 9.9

5 170 34.6
5 180 19.0
5 190 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



Spectral Region Miltivariate PLS 4600-';5@"50 cm 1 and net hodol ogy 850-650
cm1l Predicted Property# of FactorsCorrelation Coefficient (r2)Viscosity Q
40C30. 999Vi scosity @ 100C30.999Vi scosity | ndex10. 980 WO 001 08116 -22

"CLAI ME: PCT/&@@@ ¢hx265 1. A process for producing a | ubri C@é'{vﬂ&ﬁ?ﬁ? st ock
e steps o (a)

havi ng a desired presel ected oxidation.stability conprising

hydroi sonmeri zing a hydrocarbon wax to qgbtain a lubricating base stock, (b)

irradiating) within the frequency of about 4600 to about 3500 clri 1 or
about 1300 to about 600 clri ~, said lubricating base stock produced from
hydr oi soneri zati on of said hydrocarbon wax, (c) neasuring the absorption
spectrum wthin said frequency range of step (b), of said lubricating base

t ock usi FT-IR, (d ' ' ' ' b
ooy soioi ot e O« e BREREYR AR PG Sl o0k et

representative of the vis _ ( ( ubricating base stock of
step (a), (e)paSAnpeie rafigé bEvivtdipand yiscosigxingeovaloes(AlnP3s B R7c POt anda
presel ected viscoSity index correlating to a presel ected d%si regpoxi dative

stability forPKaiPd Post) ¢anchd wegdse peediat dhacviggosiy @pd (VisFOSIHHIAIORE nSPRYIR

di f yi i d_hydr o | zat{ on of. sai ' th
B odust | on’ of PR SFUEE i 430 BuBo leth, il BRI o ifled RERTERE 1 Ne
oxi dative st abindoivg. @éeé&aﬁaeieq)btaiﬁed dtecil eehtion utilizkig 0 swans firbotiai d

hydr ocarbon wax 1s a Fischer-Tropsch wax.

sample and background. A Multivariate Partial-Least Squares Chemometric

methodology was used to generate a calibration capable of predicting viscosity
and viscosity index to a high degree of accuracy. The spectral regions found to
provide the best it for this analysis were from 4600 to 3950 cm™ and 850 to
650 cm™. These regions exhibit features due to both methylene and methyl

groups, consistent with degree of branchiness being an important factor.

Tables II through IV show the viscosity at 40 and 100°C, viscosity
index, number of chemometric factors used and correlation coefficients and root
mean square deviation (RMSD) for two different predictions of viscosity and
Vl-self prediction, i.e., sample predicted was part of calibration set, and Leave-
one-out Prediction, i.e., sample predicted was not included in calibration set (this
is considered to give a better measure of model prediction capability for real

unknown samples).



WO 00/ 08116 PCT/ US99/ 17265 -Z3 3. The process of claim1l wherein when said
wax is a Fischer Tropsch wax, the lubricating base stock having the’
presel ected viscosity index correlating to the presel ected desired

oxi dative stapil ] of step (e) is a mxture of branched p i wherein
sai d par affi‘ﬁgo‘gési%par affins having a carbon chain | ength M%B@“%zo to
about C40, having a nol ecul ar wei ght rangi.ng from about 280 to about 562, '
and a boiling range of about 650F to about |050F, and wherein said branched
paraffins contain up to 4 nethyl branches) and wherein the free carbon

i ndex of said branched paraffins is arABEBIt about 3. 4. The process of
claiml wherein said hydrocarbon wax is selected fromthe group consisting
of petrol eumraffinat eSF’lS-fI@fKE NS GEVRdHSPSE AT™oees and mi xtures
thereof. 5. The process of clal 9?%%{’5 ST B presel ected viscosity index
correlating to a presel ected desire trve stability is determ ned by
separating, based on nol ecul ar structure, said hydroisoperized hydrocarbon
wax of step (a) into a plurality dstugkact$ greéﬁﬁi‘%eterﬂ??l‘feh GHE viscosity
i ndex and cor r Sagphe/Poxy Nuobeat i v¥iscesityi | i t yViscositich oPredigtigns¥iscasify e
fractions to identify the fracti oRgghaving aggsd red vi scogf gy i ndex and

oxi dative stat}i lity. 6. The proceSs~of claimb wherein said separation of
sai d hydroi soeri zed wax i s condu2?@®3 usi ng 2h@4Hal diffus?®@P8 7. The
process of claim1 wherein a conbi i on of hch wavel engt step (a) is
utilized. 001 08116 -, 24 PC#?J’%QQII?Z ) 6b The pr oceis}gg%q claim3
wherein said mixture of branched pemMaffins c30p08 ses paraf3@.n$3 havi ng an

Wherein said fresel ected deol red d3i%ative SIBBity |5 tnEifhnest
oxidative stabjglity. .A@IL. A3 . AY3s4. ASF 33812 32.320
RMSD 0.11305 0.32736
Correlation Coefficient 0.99886 0.99044
TABLE II
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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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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| Multivariate chemometric methodologies [partial least squares and
principal component regression] were utilized to generate a calibration capable
of predicting viscosity and viscosity index to a high degree of accuracy. Various
region of the spectrum which exhibit features due to both methylene and methyl
groups were utilized. Pre-processing included mean centering and baseline
correction. Tabulated below are self-prediction (i.e., sample predicted was part
of the calibration set) and correlation coefficient () obtained.

i Spectral Region Multivariate PLS
4600-3510 cm” methodology
|
Predicted Property # of Factors | Correlation Coefficient o)
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 - 10.953
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 (r*)
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 (rz)
Viscosity @ 40°C 4 0.986
Viscosity @ 100°C 2 0.984
Viscosity Index 1 0.940
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Xral Repiond Z109Z 23Mutivaria@es/VE () - PLS
1000-850 cm™ methodology
Predicted Property # of Factors | Correlation Coefficient e
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 r®)
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 0.916
Viscosity Index 3 0.962
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Spectral Region Multivariate PCR
4600-3900 cm™ methodology

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

Viscosity @ 100°C 2 0916

Viscosity Index 2 0.962

Spectral Region Multivariate PCR
1300-600 cm™ methodology

Predicted Property # of Factors | Correlation Coefficient (r*)
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 (r2)
Viscosity @ 40°C 1 0.942

Viscosity @ 100°C 1 0.917

Viscosity Index 1 0.949
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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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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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3500 cm™ or about 1300 to about 600 cm™, said lubricating base stock produced

T

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),

(¢) 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.
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f10%r&& () - SJ&%&%@% the preselected desired oxidative stability of step (e) is a mixture of
branched paraffins, wherein said paraffins are paraffins having a carbon chain
length of about C2 to about C4g, having a molecular weight ranging from about
280 to about 562, and a boiling range of about 650°F to about 1050°F, 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.

4. The process of claim 1 wherein said hydrocarbon wax is
selected from the group consisting of petroleum raffinates, slack waxes, Fischer-

Tropsch waxes and mixtures thereof.

5. The process of claim 1 wherein said preselected viscosity index
correlating to a preselected desired oxidative stability is determined by
separating, based on molecular structure, said hydroisomerized hydrocarbon wax
of step (a) into a plurality of fractions and determining the viscosity index and
corresponding oxidative stability of each of said separated fractions to identify

the fractions having a desired viscosity index and oxidative stability.

6. The process of claim 5 wherein said separation of said

hydroisomerized wax is conducted using thermal diffusion.

7. The process of claim 1 wherein a combination of said
wavelengths of step (a) is utilized.
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9. The process of claim S wherein said preselected desired

oxidative stability is the highest oxidative stability.



