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BACKGROUND OF THE I NVENTION I n recent year®§ée-he efficiencies of autonotive
engi nes have increased significantly in order to conserve fuel and to
conply with statutory and regul atory requirenments on autonotive fuel
consunption. This increased efficiency has, in turn, led to nore severe
service requireéns BASEAD He HA WIN @] ke frhe
efficiencies have generally been acconpani ed by hi gher engi ne tenperatures
as well as higher bearing pressures concomtant upon the use of higher
conpr essi on ra#ﬁﬁj)(ﬁ* E1&: h@?ﬁ kﬁ@ly severe service requirenents have

made it necessary Tor facturers to provide superior
| ubricants. Furthernore, it is expected that this trend will continue and
that in the future even nore severe service ratings will be established by

engi ne manufacturers. AtThpr mstant invendoARs dirétfed taaiprgcéss forittegprotiyctiomodyed
for passenger car notor oils for gasoline engines and this represents a
si gni ficant i nkigbgualitylubricantehase oils hayingrsaperios oxidativg stabilityand mnltigh t her e
is a continuing need.for lubricants with superior performance
charact eri sti cHSCQHE BEEX-he perfor mance characteristics which i s of
greatest significance is the viscosity index (VI). This represents the
extent to which the viscosity of a lubricant varies with tenperature.
Lubricants of BA@KNROUNRIUOF THE INVERNGR03 WO 001 08115 PCT/ US99/ 17264
-zrelatively ITTITE Th VISCOSIty as tenperature increases, at |east as
conpared to lubricants of lower VI. Since retention of viscosity at higher
tenperatures is a desirable characteristic, high viscosity index is
desirabl e. Satisfactory Wireeenyears thefficiansiesegf ansometive epgimes haver by

b

e goner al Ty REHSSO PSRRI IR SFEcHA cPhesrle Bif snilio domly bk eEpry S
ti i | . i er i . ) limted
Pechuse not _oniopuyay EhuRunkat dfifudihoti0F el cBRRARNSy, Toid BERESTA, over ¢

are subject t oeffR{nay diak Ot tufn, Ue€ t&thoré 3éves€ Servick relglitemlentsUldr !tl?eaéﬁ%ne
containing |arge anounts of inprover may be limted. This inplies that

i mprovement s i lubricantvbecduseithe higher sfficiencieshaiesgeneinilty b&madeempanied by
| ubricants produced by the polynerizatjon of olefins in the presence of
certain cat al yBig8eheRgang, exapeARRes asoWpld 8§ highes bearng presypres goneemitagk URAey

sual 1y requi rieaRh B Eobe GIOM ik dhesS Mer By BEVEE APEIE Alirse
for the produchieaR iave mhatde iV'neEé’sQﬁﬂy%ﬂ@oﬂJaﬂmﬂHnﬁﬁ{c%!xﬁe% {o ”%{()Qﬁ‘éssuﬂeﬁﬁh may

be produced by techniques conparabl'e to those presently e oyed in
petrol eum r ef i hibricests. Suntheernote) iviatexpbeteé tisdrehis tidnal willibontaaret dpthepar ed
via the hydro isonerization of Fischer-Tropsch wax, are equivalent to

pol yal phaol ef i the fapseOeve oase seyere sorviesaasings will heeastahlishad by snginsasanyy |
oxi dative stabi.lity. Therefor, .a I i S needed ich.s abl e of
i ncreasi ng the%‘ifﬂ%’é?ti EPIEsehh mqgﬁﬁffﬁia@%&ﬁm HWE’@H@‘?? rRA5EHERaxes

whi | e produci ng, Anbtdplohis 6} o feind%nBinth W ¥hi $85leb¥nds AAGnifihnlr increfs@in AN

the service requirements of lubricants. 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
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SUMVARY OF THE | NVENTI QN The instant invention is directed to a rrebhﬁ lpﬂqr
pr.oduci ng a lubricating base stock having a presel ected oxidati vel tJ iTrty
conprising t of: (a) separating, into a plurality of fractions
based on ml‘ggtﬁ)ﬁ}g?ﬂghape, a hydroi someri zed hydrocarbon wax, FEJUESY18¢%t i ng
tHe fractions of step (a) which have the presel ected oxidative stability
for use as a lubricating base stock, whereif-the fractions to be collected
are determ ned by neasuring the oxidative stability of each of said
fractions of said plurality of fractions to determ ne which fractions have
sai d presel ectrelativelydltieia @seasityiastemperafunezncreasesaat least arecompaediton i s

e 5 R R A B
mixtar e of by Setirabiicadfer t8id, SR RS lask T URUERIE. spEiRbiony Yisthsity
paraffins hav i&?}@p@xﬁ‘é@iﬂi}“b@ Ranferiedngihier 87 saiqble dficd &f BBAbe H4L stdck or by

nol ecul ar wei ght” of 280°to 562, a boiling range of 660F to 1050F (343 to
S66C), and whaheise 8 M ihtproetrs dvhich afd 'gmrsn’ylh@g'mmnbcmmeghap&fyh\ers.
branches and wherein the free carbon index of said branched paraftins is at
Least ?.96. The invention is |likewse directed to a nethod for producing a
| ubricati ng base stock from a hydrocarbon wax having i nproved oxi datjye
stability conprising t he{'é% sisfsengw wfueél UPpmez‘eescman wg{b}mﬁ p%rg# é\&%d

Pycr ocar bon val i veP ey R el atd fhek ERaBbIs R dmerover o

of branched p ki i i j r L3S LNQ
2 car bon chal PEny R, A BERApLILS MeJBEELPRAIAN B SR dh LT
boi | i ng range offlubfEnts cohtibfing (188 dntolrfi§ ofimproier WS/ sy imsridd Thigiapkies
paraffins contain up to four nethyl branches and wherein the free carbon

i ndex of said thatimprovements inithe Viofithe base stoek age desiyablnl | ecti ng sai d
fraction of step (a) for use as a lubricant base oil. The invention is
further directed to a formulated |ubricating conposition conprising a mjor

anount of a base stock, i i AsSe S ial ly c ) a
fracti onated hydroi soner%%hglroccdr" ﬁ$§g§§ﬁ$§§ﬁ@eﬁ§P&?@%ﬁs€&
branched par afthe ptesef3@oficertai chtdlySE HAVE beeh ahdbwhto PoSseRgerédlient VIawlng, a
carbon chain |l ength of C2p to C40, a nol ecul ar weight of 280 to 562, a

boi | i ng range it thép kre expedisive 1o ptéduce by 6e) comentiohalr synthetizi ptobedures end
paraffins contain up to four alkyl branches and wherein the free carbgn

i ndex of sai d wsuaHyiTequise eXpensive starting matesials  Sherepgthereforepeoerd bar e oF
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][ gwe(ravtehano'[ ha%v5 EQ% § hcgfeﬁ?g?rgl s%dr}'grqézecfgxargg %‘?@?agl %l/luﬂ éeﬁ?‘éﬁerr oxl gjgts'i \?re

stability will be sought. The presel ected oxidative stability may

correspond to that of a particular PAO the artisan wishes to replace with
t he base stock bei ng proStnkes toldaterhgve sH@Qi tRatdablicaitd peeparabvia the hydro-

-

isomerization of Fischer-Tropsch wax, are equivalent to polyalphaolefins (PAO)
except in low temperature performance and base oil oxidative stability. There-
for, a process is needed which is capable of increasing the oxidative stability of
hydroisomerized Fischer-Tropsch waxes while producing a lubricant having a
high viscosity index (VI).
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| ower oxidative stability than that of the hydroi sonerized wax mﬁﬁcﬁ“@@@?d
be useful for applications in which high oxidation stability is not
desirable. Additionally, the skilled artisan may nerely wi sh to produce a

| ubricating base stock having a higher.gxidative stability than the
original hydroisonerized wax. In such a case, the artisan nay nerely survey
the oxidative stabilities of the plurality of fractions and collect those
fractions gﬂgﬂ%gngé@ﬁxipﬂ@n@ggggqcﬁ@e fractions, discarding the front,
back or fr T . ce, the presel ected oxidative
stability is whatever the skilled artisan desires it to be and can include
a nunber of the plurality of fractions. In the instant invention,

appl i cants have i dentfihfeiigstant fnvastiowis dife¢tdddoanmetiodofoe Prodiiciad hve
stability and having the noted characteristics. This was unexpected and

pr evi ous| y lubrkratimg teise sck Havitepa prestlatcied nxidative stabiliyatamprisinglthe i ty
across the fractions separated was expected. Applicants have di scovered
that theresepbofis a particular branchy hydrocarbon mixture having a degree
of branchi ness which confers highly inproved oxidative stability to a

hydr oconverted hydrocarbonaceous feed stock. In the instant invention a

hi ghly inproved prod@@)t separatmgiintech plucatity of fractionnbased dyxhobécabarer i zed
hydr ocar bon wax particularly the lubricating, or 700F+ fraction of a

Fi scher - Tr shansh alygdroiypreriged brdrosanboniwaXar e conpri ses at | east about 90%
of a m xture of branched paraffins. Preferably the product will conprise at
| east about 95% and nost preferably, at |east about 99% of the m xture of

branched paraffins. e Iy f . i

wei ght's rangi ng fronﬁghﬁgbéﬁgéghgEﬁgégﬁfgﬁﬁgﬁﬁ@q%%gﬂﬁg&géﬁggg%ﬁgﬁh%% 1050F
(343 to 5680 at; I o p s a Vl
of at |eas tg %3 8% %{ragglgt?aﬁbs{ é&?ﬁseé g’rbz’:?gﬁ‘éé %\% eI %te‘f)% ]‘?rle%rﬁ% m%rfglén‘gﬁigg Tto t%ﬁe

paraf fin ntellevted bre detérminadbe meastringlolid exidhtivasability ofiedcias seAENDED
SHEET 2 0 JAN 2003 -6 characteristics of viscosity I ndex and oxidative
stability fraktions of sagdjpluralitynof fractioA©td determineswhichdkaatinmis \have saidbi | i ty
performance. Preferably, the paraffins conprising the m xture of branched
paraffins meﬁcleﬁ@d@@@tﬁ(ﬁeﬁ@ygt}humer of pendant carbons of 4 or |ess. The
nunber of pendant carbons is defined as the nunber of al kyl groups on the
~(+) carbons of the carbon chain. Thus, pendant carbons are present on the

caroon chaln 26 Pos! \RE ol 8213 4 ARRAS RSy Bac oo

chain. Thus, the ins I'nven uces a base

econom Calﬂn%ﬁgréﬂ SR hydtBearboH vax, BaviRAPriRefePbxidati 0@ BlabARH O} e
unexpectedl y found that” the oxidative stability of the conpohents of the
| ubri cat i nipgfa mdxtuenoDbraachediparasiimecharadertiezicihahatfithedablicaibase eilnot t he
same, nor are they continuous. Rather a maximum exists which has superi or
oxi dat i ve eaminsiat jeast $0%af a4 mexture of branchadmparatfins, phereinsaidbbrapehetlici ng
t he product described herein can be any met hod whi ch separates the

| ub(rji cat | n@?\fﬁffﬁl&& Ers @a&fdlas ROWINg; asﬁmgem E’éfﬁn ﬂg}b&b@&@b@ﬂt (20 to abow: %4;0» &
el e, " tROISRar TSR e b e B P E e 04 0ok (Ba0aPrT FEAERE ong i ¢ n
paned on’ mEECIalE ERBIH S5id bt oDt Bl b Tour IS bredits BEPEY &1 ©

hydr ocar bofsy Whafeid 8fedSed ERBLA PRI oﬂ%%'ic??rfah@ﬁed gaﬁ:fﬂﬁé ¥ firaaghegh par af fins

are separated such that the normal paraffins are eluted first while the
nost highly branched are eluded | ast. Branchi ness increases as one proceeds
to higher ports. One skilled in the art would expect that the nost highly
branched paraf fi ns \ithe tvehtien ihkkéweiss directed to a method for producing a

Jubricating base stock from a hydrocarbon wax having improved oxidative

stability comprising the steps of:



2.0 JAN,2003 WD 00/08115 _'7_ PCT/US99/ 17264 oxidative stability. Synthetic
nol'ecul es such as PAO s have m ninmal branching and are used as | ubricant
base stocks. Applicants have found that this is not the case. Appthggngmm
bel i eve, though not wishing to be bound, that a particular |evel, or

m xture of branchiness, can retard the | evel of oxidation by interfering
with the ability of hydroperoxides to ctgact wth other reactive hydrogens

t hrough steric bl ocking. Therefore, the random branchi ness which result in
tertiary hydrogens nore reactive in an oxidation environnent is being

count erbal anced. Thi %?)' %#?ﬁﬁﬁfggo Wm%ﬁﬁgiégtégg%%‘{ﬂ ﬂﬂﬂ‘ﬂ:atiﬁ fractiBy

separating the 700F+ frac tain t t herein scri bed,

applicants of"é“lﬂ{d}bﬁ_@ﬁ&@ﬁe@ h?ﬂﬁfdﬁ%oﬂrﬁvﬁﬁ $& Brddﬂl!@é h%ioﬁ%ﬁ’is@ﬁ%aﬂ%&tn g
superior viscosity index and oxidative stability conpared to the

Fi scher - Tr op&chf Hasietuse of kmanched 'Emtfﬁm oheis kald biandlgd pgahseffinbave
di scussion is in the context of Fischer-Tropsch waxes, one skilled in the
art woul d paaffins havingatcathdrechdiy dengths ofi€nipze € gga revoleaulabaveiglitlof 280 i n t he
instant process as well. The hydroisonerized waxes utilizable in the

i nstant i ntee?3,dnbeiting sangs of0 30 Frionh02AVF ddierS6s° Ghand adheareinisaid ng
petroleumyaffjnates. _Syntheric waxes from Fi scher-Tropsch processes nmay be
Used. as nipnebedaamTiRg confaingp M%mhxl&rawswdﬂ%ﬁwﬁpéﬁﬁau ve
dewaxi ng of convent i onal drocarbon.oils, .or mxtures of these waxes.
Waxes fron?ﬂé%k? e(j‘%ﬂ?‘?\}%E%%ﬁﬁ‘?pﬁvgﬁ%lasr%&?‘?sb?}gg; comonly call ed sl ack
waxes may al so be used. Al that is necessary is that the waxes be treated,
according to the instant invention, to produce a conposition having the
characteristics herefy) denectimeshid THRHEA of BRp'AY A5t 15RAs AGubdEdRibagger | zed
by conventional prior "art methods, typically the hydroisonmerization is
conduct ed @ver a catal yst containing a hydrogenating netal
conponent-typically one fromGoup |V, or 13 _07-2000 00~~9~~~64 ,,I~ .

- .. ... .. .. . .. .. Goup VILI or mxtures thereof. The reaction i
conduct ed under condfB¢ Wﬁggnﬂ%ﬁn};@}eg{dy%{eégg\%}@ﬁngiﬁ%gq B‘biggﬁggggol '?(r)] I339C)
f bly 500.t.o0 700F .(260 to0.371C d f.f 500 3000
bol 1o ( SARTRRriGEn SSMPEIPE LRI AT 0. BB sk MiBrein 33 BI0S SISk pa
2)) . at N aaRIgRBnkess HabAARY 1At B0s | ARkaibtA0yE/ 18 Lo 1800

nB8/ nB), an spa ocities In e’range o to v/ v/ hr,

pr ef er abl YedniprRiflg 2 thiktre\6f\briicheldhar AFins 'whafein saidebthheHed pir@fifs rape

catal yst for ‘preparing the Fischer-Tr opsch waxes utilizable herein are

cobal t catpry&ins, haviref & cabby chabelehsttheMCognte €Yyl 3 moleculef weidht wf 280e
Fi scher-Tropsch waxes wi || ?zsaééapar ed in a sl urrﬁer eactor utilizing these

cat al yst s.toS¢hadbailingrnge g fo 488QTH 344 tp66hRe). andewherginesaid
Additionally, th |ysts.utilized i hydr oi i.zat i il
ot b PSR Bk i 350 BRpPLe Lt R B R

i I'ica-al ypi ! i kew Ik inth
7 ter ar ur dREEF S AR RAeABhE 3 At Badog| KO ST TR ke iy under go

hydr ogenation to stabilize the oil and renove residual aromatics. The
resulting product may then be fractionated into a |lubricant cut and a fuels
cut. Typi GETAILENEDESORIPIMONOF THH INVENTION he range of 625F to 700F
(329 to 371 C) or higher. Tt is the lTubricant fraction or cut that is
utilized in the instant invention and referred to as the hydroisonerized
hydrocarbon wax. For Fischer-Tropsch waxes, the 700F+ (371C+) fraction wll
typically be used. IThequastlectedgxidativeistabalityoas wsediheseinreandretanyet hod, t he
degree of branchiness of the desired product is, easily measurable using NWVR

techni gue@_xmﬁ;wlﬁ &tabigwotﬁe S?’fﬁd' @asaT“tisi@s ahfi lulmatié]g&a? é@oﬁkfw brnée-_rrﬂ _
col urm cak BEXATRIG QB eciet S aIE S O oy Do REFE o [rvraerm Byt "
ports. - aatt Er Rl RE P ine  HRheSHiie SRR AR T

sought. The preselected oxidative stability may correspond to that of a particular

[

PAO the artisan wishes to replace with the base stock being produced. It may



2 0 JAN 2003 WO 00/081l5 PCT/US99/ 17264 -9 skilled in the art foryagRoeqpe4
13-Ré-2980at i on i nduction time can be used to deternine the products 0
oxi dative stability. The fraction recovered follow ng nol ecul ar sﬂ&p@‘m
separation may be further treated if desirelh .For.exdipl €. t1"Me fsLaci’'Ton may
be dewaxed to obtain a finished Tube. The fiée: carber.i'ntlek {FCY) OF an
i soparafful base stock can be determni nesl-by’nmetasu?’ nf t he’percent'® of*®
met hyl ene groups in an isoparaffin sanple using 13 C NMR (400 negahertz);
mul ti plying the resultant percentages by the cal cul ated average carbon
nunber of §laamaavElyebedeloner diedative shbiyTsh thatdTale ROGDicnskrshed Wing by
100. The FCl is further explained as foll ows based on” 13C NMR anal ysi s
usi ng a 40@hidizwspktbe usefubfor applicationseh wiachhiginexidatibn stablly innober s
greater than have only five non-equival ent NVR adsorptions corresponding
to the ter desicablereAldditionadlyothe skalledrartingn eraysmérebymistetosgrodnct at hi rd and
forth positions fromthe | ecul ar, ends (~3, Y, and 8 respectively), and
the other HBrKEHNE! S@Fgoﬁ'@vmea hizgbruoridative siabHity dhan bemm@nalheni cal

shift (E). The.intensifies of the a, ~3, .and 8 are equal and the
intensity BY %%mgerd%%{ﬂ%' g‘?ws‘f aF@?gﬁW %pswamgg& Jrvey ﬂ?el arly the

si de branc . | $0- paraffi.n ve . uni gue.chem cal
hifts andOrpange SuBifiEes e sl of RadRiE and bR B ARFUGEE ™ e
tertiary c hARER ' ' [t ed.
Further, i ?ﬁ Qﬁgglté aBert ur ng%ﬁggscﬁgrﬁ%gf)ﬁg’%gg?@mn ;{P%O&?eﬂgklég?g@%}ggﬁéom this
branch poi Bhck FRefibhd) JHeAEE] WRke fhedlecRl oxiddtive stabilityBisaihtiver the skiBieB7- 2000
US 009917264 2 0 JAN 2D03 . .... .. ... v oo oo oo
Co . artisan.desires it to be and can.include a number 'of the plurality dfdracfioas.FCl is
then the percent of s nethyl enes neasured fromthe overall carbon species

in the 13C NWR spectra of the base stocks as cal cul ated from ASTM net hod

2502, divided by 100. The, Fischer-Tropsch, tube fractions which can be
separated to In the instant invention, applicants have identified a fraction having

an improved oxidative stability and having the noted characteristics. This was
unexpected and previously unknown since a linear relationship in oxidative

stability across the fractions separated was expected.

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.
In the instant invention a highly improved product is obtained from a
fractionated hydroisomerized hydrocarbon wax particularly the lubricating, or
700°F+ fraction of a Fischer-Tropsch wax. The hydrocarbon mixture comprises
at least about 90% of a mixture of branched paraffins. Preferably the product
will comprise at least about 95% and most preferably, at least about 99% of the
mixture of branched paraffins. The mixture of branched paraffins have
molecular weights ranging from 280 to 562 and boil within the range of 650°F to
1050°F (343 to 566°C), preferably 700°F to 950°F (371 to 510°C). The product
has a VI of at least 120. Preferably the branches will be methyl branches. The

paraffin mixture is utilizable as a lubricant base oil and has

AMENDED SHEET



obtain the base oil of the instant invention are those prepared in
accordance with the prior art. Preferably the 700F (371 C) fraction will be
separated. The lubricating oil of the instant invention is conpris@d ¢N H03
maj or anount of the |ubricating base stock derived froma Fischer-Tropsch
wax conprising a mxture of branched paraffins, wherein said branched
paraffins are paraffins having a carbonbchain | ength of C20 to C4p, a
nol ecul ar wei ght of 280 to 562, a boiling range of 650F to 1050F (343 to
566), and wherein said branched paraffins contain up to four alkyl branches
and wher ei rhalaetdrities odvidoositynielex ahd sxidhtive srabikty makiagfit equivsleat td east 3.
Additionally, the lubricating formulation will contain a m nor anount of
ot her addi tPAR@Dasaoils in oxidatives stabilitepeiformineeadreferablysthe paeaffine t he term
maj or anount is_intended to nmean that when a conposition has a maj or anount
of a speci comprisieg the mpiare ofsanehedpanefifias vrilirhaye gy evageghtmbsr afhe
conposition. A mnor anmount is |less than 50% of the_conpositiaon. The
add! 1 ves FERREBtGATDons el prlsss. Lo mgm%srf iiiagh Cabens FASIneR s e | |
supply the characteri stics that are required.in the for tion. Anong the
types of addmuer&d al}?yi &S e e\fi@d"@%ﬁ?’? 9&}3?89&1"&"1’6{%& » PERfAYver s
di spersants, _anti oxi dants, &grr%’s& or}1 i.nhj bi t.ors et.er

1y

, ept\s, ashl es
di spor sant SArbSEsars Bresentinihecatharcchain at pesittons et gtdeast ' trorh the GndS er s,
etc. Al\/ENDEl? SHEEE %3;07=200G ~ ~"'" U S 009917264 2 0 J AN 2003 . .
. ..., . ofthe carbon cham."

. . ... .. .. .. .. -11 By substantially conprising is meant at |east
about 50% The follow ng exanples are nerely for illustration and are not

meant to be |im ting THasHR¥ iNGint iFEMBprbdfc&PaBAR Gl whildFRGhHt OPsch wax
was subjected to hydro isonerization under hydroconversion conditions which

were suffi etemdmical anda ecddyabstifuté for PAOMAasé 3718. C+) wax into high quality
liquid transportation fuels. The resulting 700F+ (371 C+) material was then

fractionated into a 700-950F (371-510C) and sol vent dewaxed. The Lubri cant

was then fractionated by thermal diffusign into cuts. In this exanple 10
t hermal diffusion cu@ﬂ@?@sﬁﬁﬁﬁHBW%eﬁbf?@ th@b@’iﬁﬁ“@ﬁ@ﬂ%“

feedstock gnd the cuts r val uated to asure.their i.dat i stability
Using. b ghtli SBEPens pf e dnfriching oot R pus oisaverizedriacher-Trgpsch
stability f,%[ﬁ]leé e i H:}"lﬁs s from
ports P4-P 'a e r&%&@e]%}ﬁ%mgﬂﬁm@g gg?rig ? gpgg%ér%e 0 %ﬁggslr}gﬁlwr?ess
herei n desgsd Qﬁﬁrio'fm;dmﬂveg{afbﬁmg,i_on cuts fromports P 1, P2, P3, P8, P9,
and P 10 had significantly | owefi oxidation stability as measured using
oxidation induction time (OT) and did not neet the degree of branchiness

criteria desired. The Lubricant 700-950F (371 to 510C) stream was al so
separat ed i nto narr ol thetinstagt wyentéen.ithe process orgredueingthepradvet were al so

e ek e s B P el ) 1
Db 111y, MR SARAEL AT bl o SERIRATHE U Shich R BUTRAMaPRL OB oy
effective fonchifebehd Retefh HSLIBELd. VEorC i ani 18! thefmat Bigfilsfin sepFhidRD SHEET

technique can be utilized along with other separation techniques known to those

skilled in the art that separate based on molecular shape.

In the thermal diffusion technique, a mixture of hydrocarbons that
range from normal paraffins to highly branched paraffins are separated such that
the normal paraffins are eluted 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 most highly branched paraffins would show the least
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HPDSC is a o@b@blosgEri ¢ technique in which the Lubricant basePé)[iléjsggH%z%“can
be nmeasured to determ ne induction tines. O T s are neasured i n hnutes for
experinments that are conducted isothermally, These experinents were
conduct ed between 190C and 210C. Each cut “dr” Lubricant base oil sanple was
bl ended with a fixed anount of am ne antioxidant known to inhibit

riod that is neasured reflects the angount  of

oxi dation. The induction, pe ,

Cime, in m nutQdanestabiigy - SyRbernmalsoles suchas G srbave maimal bemehing ch
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of Attachment sdridihdfe fidmiany 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. All that is necessary is that
the waxes be treated, according to the instant invention, to produce a composi-

tion having the characteristics herein described.

Though the waxes can be hydroisomerized by conventional prior
art methods, typically the hydroisomerization is conducted over a catalyst
containing a hydrogenating metal component-typically one from Group IV, or
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Fischer-Tropsch waxes will be prepared in a slurry reactor utilizing these
catalysts. Such catalysts are well described in the literature. Additionally, the
catalysts utilized in the hydroisomerization will preferably be a cobalt-
molybdenum on an amorphous support, such as a silica-alumina support. Such

catalysts are likewise well known in the literature.

Following the hydroisomerization, the isomerate may undergo
hydrogenation to stabilize the oil and remove residual aromatics. The resulting
product may then be fractionated into a lubricant cut and a fuels cut. Typically,
the lubricant cut will boil in the range of 625°F to 700°F (329 to 371°C) or
higher. It is the lubricant fraction or cut that is utilized in the instant invention
and referred to as the hydroisomerized hydrocarbon wax. For Fischer-Tropsch

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

In conducting fractionation in the instant method, the degree of
branchiness of the desired product is easily measurable using NMR techniques
known to those skilled in the art. For example, if thermal diffusion is selected
the effluent from each port of the thermal diffusion column can be monitored to
determine which ports afford the desired product. The desired product can then
be collected from the necessary ports. Additionally, any method known to those
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The FCl is further explained as follows based on 13C NMR
analysis 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 «, B, y and 8 are equal and the intensity of the €
depends on the length of the molecule. Similarly the side branches on the back-
bone of an iso-paraffin have unique chemical shifts and the presence of a side
chain causes a unique shift at the tertiary carbon (branch point) on the backbone
to which it is anchored. Further, it also perturbs the chemical sites within three

carbons from this branch point imparting unique chemical shifts (a', ' and y').
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X$e$i $2&&& dEYNC y10He&: €D is then the percent of € methylenes measured from the

overall carbon species in the 13C NMR spectra of the base stocks as calculated

from ASTM method 2502, divided by 100.

The Fischer-Tropsch lube fractions which can be separated to
obtain the base oil of the instant invention are those prepared in accordance with

the prior art. Preferably the 700°F (371°C) fraction will be separated.

The lubricating oil of the instant invention is comprised of a major
amount of the lubricating base stock derived from a Fischer-Tropsch wax
comprising a mixture of branched paraffins, wherein said branched paraffins are
paraffins having a carbon chain length of Co to C4(, a molecular weight of 280
to 562, a boiling range of 650°F to 1050°F (343 to 566°), and wherein said
branched paraffins contain up to four alkyl branches and wherein the free carbon
index of said branched paraffins is at least 3. Additionally, the lubricating

formulation will contain a minor amount of other additives known to those
skilled in the art.

As used herein the term major amount is intended to mean that
when a composition has a major amount of a specific material that amount is

more than 50% by weight of the composition. A minor amount is less than 50%

of the composition.

The additives utilized in the lubricating formulation are those that
will supply the characteristics that are required in the formulation. Among the
types of additives are included viscosity improvers, other VI improvers
dispersants, antioxidants, corrosion inhibitors, detergents, ashless dispersants,

pour point depressants, antiwear agents, friction modifiers, etc.
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The following examples are merely for illustration and are not

meant to be limiting in any way.

EXAMPLE 1

A sample of Fischer-Tropsch wax was subjected to hydro-
isomerization under hydroconversion conditions which were sufficient to convert
= 50% of the 700°F+ (371°C+) wax into high quality liquid transportation fuels.
The resulting 700°F+ (371°C+) material was then fractionated into a 700-950°F
(371-510°C) and solvent dewaxed. The Lubricant was then fractionated by
thermal diffusion into cuts. In this example 10 thermal diffusion cuts were
produced at ports 1-10 (P1-P10). The feedstock and the cuts were evaluated to
measure their oxidative stability using High Pressure Differential Scanning
Calorimetry (HPDSC). The stability of the cuts was not equal and showed a
maximum between cuts from ports P4-P7. The P4-P7 cuts were those having the
degree of branchiness herein described. Thermal diffusion cuts from ports P1,
P2, P3, P8, P9, and P10 had significantly lower oxidation stability as measured

using oxidation induction time (OIT) and did not meet the degree of branchiness

criteria desired.

The Lubricant 700-950°F (371 to 510°C) stream was also
separated into narrow cuts by conventional 1515 distillation that were also
evaluated using HPDSC. OIT’s for the distillate cuts did not show any trend that
suggested there was a beneficial distillation temperature or boiling point and
therefore molecular weight dependence for improved oxidation stability.
Consequently, separation techniques such as distillation are not effective for

isolating a selective cut that is superior.
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HPDSC is a calorimetric technique in which the Lubricant base oil
cuts can be measured to determine induction times. OIT’s are measured in
minutes for experiments that are conducted isothermally. These experiments
were conducted between 190°C and 210°C. Each cut or Lubricant base oil
sample was blended with a fixed amount of amine antioxidant known to inhibit
oxidation. The induction period that is measured reflects the amount of time, in
minutes, that the amine antioxidant is consumed. The rate at which it is
consumed depends on the relative oxidizability of the fluid in which it is
dissolved. Hydrocarbons that are easily oxidized produce high levels of hydro-
peroxides and other oxidation products. The amine antioxidants scavenge
radicals derived from these components and prevents the onset of an
autocatalytic reaction until the amine is consumed. The more oxidizable the
fluid, the faster the amine antioxidant is consumed and the shorter the OIT.

Consequently, thermal diffusion cuts that have long OIT’s have higher oxidation
stability.

Each sample from Example 1 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 at a fixed temperature, the more stable is that lubricant
thermal diffusion cut. Each thermal diffusion cut was evaluated at 170°C and
180°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.
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TABLE 1
HPDSC Isothermal Oxidation Induction Time
Port Number Temperature, °C (Minutes)
1 170 21.0
1 180 14.4
2 170 32.4
2 180 14.8
3 170 25.2
3 180 15.1
4 170 37.4
4 180 20.7
5 170 34.6
5 180 19.0
6 170 32.8
6 180 16.0
7 170 25.1
7 180 13.3
8 170 16.4
8 180 10.1
9 170 15.6
9 180 10.0
10 170 15.3
10 180 10.5

The sample of hydroisomerized Fischer-Tropsch wax from
Example 1 was thermally diffused and analyzed. The results are shown in Table
1L
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TABLE II

Port # P3 P5 P7 P9
Total Attachments 3.46 3.14 4.19 3.59
Attachments for C-4 to C-22 1.48 1.54 1.86 1.62
Methyl Attachments 2.36 221 2.8 2.35
Attachments Longer Than Methyl 1.1 0.93 1.39 1.64
Free Carbon Index 3.99 3 296 235
Number of Terminal Carbons 0.61 0.4 0.74 0.9
Number of Pendant Carbons 2.94 3.19 4.58 4.9
Average Length of Attachments 1.11 1 1.1 1.4
P =Port

The results show the properties of the cuts.
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CLAIMS:

1. A lubricant base oil prepared from a hydroisomerized Fischer-
Tropsch wax, having improved oxidative stability comprising a mixture of
branched paraffins characterized in that the lubricant base oil contains at least
90% of a mixture of branched paraffins, wherein said branched paraffing are
paraffins having a carbon chain length of Cy( to C4(, a molecular weight of
about 280 to 562, a boiling range of 650°F to 1050°F (343 to 566°C), and
wherein said branched paraffins contain up to four alkyl branches and wherein

the free carbon index of said branched paraffins is at least 2.96.

2. A method for producing a lubricating base stock from a
Fischer-Tropsch wax having improved oxidative stability comprising the steps

of:

(a) separating the 700°F+ (371°C+) fractions of a
Hydroisomerized Fischer-Tropsch wax into a plurality of fractions (b)
monitoring each of said fractions to identify fractions having at least 90% of a
mixture of branched paraffins wherein said branched paraffins are paraffins
having a carbon chain length of Co() to C4(, a molecular weight of about 280 to
about 562, a boiling range of 650°F to 1050°F (343 to 566°C), and wherein said
branched paraffins contain up to four alkyl branches and wherein the free carbon

index of said branched paraffins is at least 2.96,

(b) collecting said fractions of step (b) for use as a lubricant base

oil.
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are paraffins having a carbon cham length of about Cp( to about Cyq), a

molecular weight of 280 to 562, a boiling range of 650°F to 1050°F (343 to
566°C), and wherein said branched paraffins contain up to four alkyl branches

and wherein the free carbon index of said branched paraffins is at least 2.96.

4. The lubricant base oil of claim 1 wherein said alkyl branches

are methyl branches.

5. The lubricant base oil of claim 1 wherein said base oil has an

oxidative stability as measured by HPDSC at 170°C of at least 20 minutes.

6. The lubricant base oil of claim 1 wherein said base oil has a

viscosity index of at least 20.



