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24 Numerous governing organizations, including original equipment

25  manufacturers (OEM's), the American Petroleum Institute (API), Association
26  des Consructeurs d’ Automobiles (ACEA), the American Society of Testing

27  and Materials (ASTM), and the Society of Automotive Engineers (SAE),

28 among others, define the specifications for lubricating base olls and finished
29 lubricants. Increasingly, the specifications for finished lubricants are calling for
30  products with excellent low temperature properties, high oxidation stability,

31 and low volatility. Currently, only a small fraction of the base oils

32  manufactured today are able to meet these demanding specifications.
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29
30  Conventional base oils prepared from petroleum derived feedstocks having a
31 kinematic viscosity below 3 ¢St at 100 degrees C have a low viscosity index
32 (V [) and high volatility. Consequently, low viscosity conventional base oils are
33  unsuitable for blending with higher viscosity conventional base oils because
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30 lubricating base oils and the properties of the prior art blends differ from the
31 present invention. See, for example, U.S. Patent Nos. 6,332,974 6,096,940;
32  4,812,248; and 4,906,350. Specifically, it has not been previously taught that
33  Fischer-Tropsch fractions having a kinematic viscosity of less than 3 ¢St at
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less than 3 ¢St at 100 degrees C; and (b) blending the Fischer-Tropsch

derived distillate fraction with a petroleum derived base oil selected from the
group consisting of a Group | base oil, a Group Il base oil, a Group lil base ol
and a mixture of two or more of any of the foregoing conventional base oils in

- the proper proportion to produce a lubricating base oil blend characterized as
having a viscocity of about 3 or greater at 100 degrees C. Uéing the process,

| lubricating base oils have been prepared which meet the specifications for a
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lubricating %ase oﬁ:s may have good low temperature

properties. For example, pour points of less than about -12 degrees C are
typical. However, one skilled in the art will recognize that the properﬁes of the
lubricating base oil blend will depend upon factors such as the ratio of the
Fischer-Tropsch derived distiliate fraction to the petroleum derived base oil
present in the total blend and the properties of the petroleum derived base oil.




characterized by a viscosity of about 2 cSt or greater
but less than 3 ¢St at 100 degrees C and from about
20 to about 90 wei ght percent of a petroleum 5a WO

20 0 P |US 003/ 49 db | :
se?@é ﬁ§"$%®ﬂ1 Phe° dﬁ%gé?uﬁggﬁf a 2?§u8'| base

oi | finished Ritsri¢ant, bu&ﬁé‘@ f& éxarr@ﬂl@' aacdﬁldﬁéﬂéfa?nﬂl tl(-]@agg %rénkcase

tives a

b |
I USPWP:??R% 8;} Bl?gzg% %:A \?ﬁ@ﬂ -Bl"@p%ﬂm ripesifi¢ations Heothe addltlon of

|uhheﬁﬁﬁkrb@ﬁhkgeDﬁmégﬁﬁgéﬁ%%yglveS det er gent s,
dhggersants ant i oxi dant s, our point depressants, VI

IRIEPING: 3 fiishesHubrisgint whic mwnmylsmeld@g at least one additive
ant al
o FATIoBin B o bR fieh e drRicBal e b, e 1946 about
pr Gduweight eesanh gf a;ﬁEcbera"frdpsaﬂlsdémed gmﬁatb lﬁlabwrant s and

Lo oRAER by SO ol B i bl

Adegiees Mand fromaboul2tatolateatI® naighe peickst of ttdl@:m
t he SAE J300, June 2001 specifications ?or a 10
15Wgrade engine oil may be forrmulated fromthe

| ubricating base oils of the invention. More
specifically, multi-grade crankcase engine oils
meeting the SAE J300, June 2001 specifications for
10w 40, 15W 30, and 15W40 grade engine oils have
been formul ated fromthe lubricating base oils.

Mul ti-grade crankcase engine oils prepared fromthe

| ubricating base oils may be highly stable and
usual |y may di splay Oxidator B val ues of greater than
15 hours. Milti-grade crankcase oil prepared from

| ubricating base oils may be fornulated to neet the
SAE J300 specification for cold cranking viscosity
(CCS) and the maxi mum gel ation index specified by the
APl SJ and the I LSAC GF-3 Service Categories for
Engine G ls. Disclosed is a nethod for operating an

i nternal conmbustion engine having a valve train, the

i nternal conbustion engine using a normally liquid or
gaseous fuel, wherein the nmethod conprises |ubricating
the internal conbustion engine, including the valve.
train. In a third aspect, there is provided a finished
| -.ubricant conprising (a) a lubricating base. oil blend
which is conprised of fromabout 10 to about 80 wei ght
percent .of a.Fischer-Tropsch derived distillate
fraction characterized by a viscosity of about 2 cSt
or greater but less than 3 cSt at 100 degrees C and
from about 20 to about 90 wei ght percent of a
petrol eum derived base oil selected fromthe group
consisting of a Goup | :

- 5a-




-6 WD 2004/ 046281 PCT/ US2003/033493 | base oil, a
ase oil, and a mxture of Goup | and G oup
| ﬁ‘gg@%’y%‘%s, 2 and (b) at |east one additi DEI/US003433493
DETAI LED DESCRI PTION OF THE INVENTION 5 6

Fi sgher - Tr opsch X ocessing typically produces a
rel ?? ﬁ‘\’,%q ?la |cﬂ'f§é%acﬁ‘?‘g‘rﬁ%‘tﬂi‘%ﬁ“glp GePyating &f Eraup base oil, a
ol Erolatl basé giftanarpmb@we \of SFOSH [ Ind @?Hu'pEiL S%sea)ils_
a,
A

processed into |ight products such as napht
gasoline, diesel, fuel oil, or 9 kerosene.

r el dypivallagdiives bddudRQ! lubfdating Haked 'b?ééi:% i i
vi sgosi t itesl%@/?, 10 3. 0 cSt £:J\/\lni chwgﬁgnus flTPgafﬁmShed
dir @g{'f"’iﬂ FCagantiueanaydiives dstergents, digpargants fandiosidants,

L1 pourdioht iepicBsaitdiVIgnpRILRS b matiRss dARfsifiit S

with viscosities below 3 ¢St 12 typically are bl ended
or ?QI?’??{B'PQ FBREsutpsian iphibiteri: tsal pwelliagers,aaddhe like. In
gasadditivm, cddmefcisligpSdlcts ﬂn@eﬂﬁé’gﬁﬁts%rﬁ%rcﬂ; foPY&&} lubricants and
ec c value. Alternatively, these [ow 2495 scosnpy '
Fi 33&3’?‘?‘?@}5&#@&%0@63 frrdadusitiial oitepaydeuyepared flonytiie

| nduisridatiag badd Sils of 4R MYERAS Mtﬁtpéraﬁégmk?aséjéﬁéiﬁé dits,
oils, spindle oils, pu olls, O ydraul'ic 0id's,
spra§etRe the SAEI308slusiel 2001 spedifications farid t0Waind 18W grade
whieghinaldfl A i ails..

15 e R ey B ool Rl R ircefiny AR GEb e dyefon.
ar Marg Sﬁﬁ‘@]ﬁf@w-d@tﬂgﬂﬂad&m‘ankdweleinghm 0l (ngating ties SAE U300,

; abiiy oY r ' of rodycts . .
7 dlnd 300 spieoRtotsIBE ORI 6086, ot tal e eBate ofs
*  oi hayd beafsfofroulateddionethei iUisridating Basdwighl y desirabl e. By

virtue of the present invention, Fischer-Tropsch
derived 23 lubricating base oils characterized by |ow

Vi Mudigrage arankbhsenetethe/biistprapstet fonPthedibritaihg Ibase oils

Vi ' ' i onal _petrol derived distill at

{ e Be hon RIS aE UEuayk Pray iRy Oskiatonk esras usef ui
asgreater thest 1 . ' RRY | blicating®
"E‘%;o.t B oL R 10 cradd CbnRERB Y pRehFRI LB Bbricating®
Fi RasR &lls May hedpmadated deimegt the$AB J3B 27 conpared to

© peamLARTL) doid SiohkiRg VIESNGCS) BndthE righimlin defiiion”
e sgcified by thaABl $J and ther L8AC GFISeSemizt Gitbgoried%or

cd
_ prxzﬁ-@g{ aentirely from petrol eum deri ved feedst ocks.
In a fie?llisgn, since the 30 Fischer-Tropsch derived base

~..: oils have low total sulfur and good oxidation 31

. convent

il ¥ d t tional b ils, th
T tasetle & PisIREPRY Beorghng AR MaDA0r asent i nventfon
- alcembbstion éngiietivthgd 02106 RS tﬁgﬁﬁgén% BBRbEStidPentine using

i opal | ubricating base
a normally liquid or gaseous fuel, wherein the method comprises lubricating

~ the internal combustion engine, including the valve train,

In a third aspect, there is provided a finished lubricant comprising (a) a lubricating base
oil blend which is comprised
of from about 10 to about 80 weight percent of a Fischer-Tropsch derived

- distiliate fraction characterized by a viscosity of about 2 ¢St or greater but less
than 3 ¢St at 100 degrees C and from about 20 to about 90 weight percent of
a petroleum derived base oil selected from the group consisting of a Group |

-6- '




7 WO 2004/ 046281 PCT/ US2003/ 033493 | As noted above,

| ubricating base oils and comercial finished
l'ubricants 2 prepared fromthe |ubricating base oils
Wo%%;fb ?1 fed to neet certain mnimm 3 spe%{vbgz%mgﬂ%
esta ed by various governing organi zati ons.
Petroleun14 derived base oils having a klnenatlc

o f h . Aare con .
{ncRE 8ol et el Bl o R A S L ogpo gt
me@mds(b) aldeddtend additive.ai ni ng t hem are general 'y unabl e
o neet these engine oil 7 specifications. Therefore,
t is unexpected that Fischer-Tropsch derived 8
4 ractions haDETARER JEIGRIFTIONSHOTHEYNVENTHONt 2 cSt
r greater but less than 9 3 cSt at 100 degrees C may
e used to prepare lubricating base oils neeting 10

Et helﬁ@cﬂe&d{tdpfseﬂirmmrocb&sing&pioaw proalicdda hesitvelyi High of

he i nventi may be used to formyl ate either, 13
TrosoRriLofodis Frigh dadedian naiclt ehe Sy vscay Tiat are
mrmo&s@s@lrﬁd ﬁg’lk@&ﬁﬁcts]s%cﬁﬁg inBphtRa | gdselied, slidsel, &l oil, or
i ne oil which falls vathlnthe

t scosi t
915 ReNS: A b@ﬂ%«\@ Yeng bqroaor@%aﬁy%ow RafrWsCcqsHieg apove

1093090 c&t WMDY 2k sl hﬁe&rﬁmﬁmtlﬁ@géﬁo:@ fbr Mafy BiffeteAtV
tenperature requirenents. A nulti-grade 17 crankcase

o GARIGH, I NG Bl SRRRETRASS ol W viskaelics below 3 cot
12’ ' &éétl?)éﬁé Bﬁﬁ@é@&%&her@o@é@é@ﬁﬁ@rﬂgﬁéﬂ [ﬁédMﬁé fdg.f QJ}AoItne

limts of di fferent mber s 1 n
13SAE)"J3]35§9’) ipgrdeptp heppfdoishegnenaigicsiaie. ﬁ'ft@‘inat"(%)these |0W

12 PR B8ty Wééﬁ?ﬁré@écﬁ@e%&éﬁé@o‘ﬂ@ n{-’a@'gierl%eg'lh ﬁght%?dustnal oils,
correl ates wih I"'ow t enperat ure cranking.

15resti6h @8, fayemaTme.Diiiy Dils: spindlegilss pymp éal’@)e:rféw@waéhc oils,
et 5 [
16 LR o idRies off BRI, Fhin guchinnspdemane

17 i nhasefgine @SS Vi scosity -for nulti-grade engine 25
qgPils. 26 27 The Celation Index which is nmeasured by
ASTM D 5133 is a nunber 28 indicating the oil's

19 ertdi@ncqﬁmgdnaﬁ@ pits &r ge¢ ant eginst olle @raiinehighrertdegranidithart the light

ol e sone
20£ 0 B0uste b SRG Buth Eiorkl BRERRNE Golfigh i8S re
21of Fhsnheeirmpsm pmgemsnmkbnsatm@hxase o# biehds fmenginemoil8 Is

22};’1II i f%sl:rg Ie3§3J( v@t g olf lfi'n%’ai:u(%esen’c ?fwgﬁtrlo\ﬁ' fc ertiﬁ%ggc':he enfvga
. 23 lubncatl_ng base oils characterized by low viscosity are blended with medium

24  or high viscosity conventional petroleum derived distillate fractions to produce
25 composition.s which are useful as lubricating base oils for preparing engine oil.
26 Due to the relatively low volatility of the Fischer-Tropsch derived base oils as
27 compared to conventionally derived base oils of similar viscosity, the volatility
28  and viscosity of the blend is comparable to Group | and Group Il Neutral oils
29 prepared entirely from petroleum derived feedstocks. In addition, since the
30 Fischer-Tropsch derived base oils have low total sulfur and good oxidation
31 stability as compared to conventional base oils, the lubricating base oils of the
32 present invention also have improved properties when compared to
33  conventional lubricating base oils.
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WO 2004/ 046281 PCT/ US2003/ 033493 1 High tenperature
hi gh shear rate viscosity (HTHS) is a neasure of a
fluid's 2 resistance to fl ow under conditions

(‘%Sﬁm“?zgg hi ghl y-1 oaded j ournal beari ngs _ ?FJf/BsJobsﬂfo@?m
mllion's -

i nternal conbustion engines, typically I
at 150C. HTHS is a 4 better indication of how an

F LS BoESBRLESy el SRS ot b s
%i srepaneddomthelguTatighlasaTails are remired taiineelcedripin minimum

. . E
S0 s EiTorsbsiatfafd by Vel B ARG bredhi2u e FlftBiout
4 ordafveis baea sis bavingya Whematic viscosBINf Bsa888,3 B BKe D

47 BTN b e PSS
ﬁ)el hi&ndsl@antalﬁmg' a‘hﬂmaaxle geAErallg dbable APmesithesEeh@ing 80 SAE

o 0BRSS Sasrbity hghesBtlerindr PR Hobsdadve™
&c a‘t_l'ghutings Baviod & |keied13(§e Viatogiig of atjmg EﬁtgmgLéhﬂegnrmiXIeMthan
i1 305 800 sy T8 BB 3s2 I Pl S RNEbE R noeting

1(BARBBSOBLABIrEBERtsSAE 15W 30 SAE 15W 40 Viscosity at

’ 00C, cSt 5.6-12.5 5.6-16.3 CCS, cP 7000 nmax -20 7000
X -20 HTHS 2.9 min 3.7 min Scanning Brookfield

12! [atbrigating e olig ofmiug ihZnfieikm&§ belled 2idMilikate @ittrde
1 nnaio-Fedp o GG ARBTG5 98- BLnGIRugIACE frenkcase

14T abdrfneloibvaebre t&a\/@ndwéeau thﬁ?hé@é Yiebadity vt falld Wihin the

| ubricatin se QI|S pre nt Lpvention. 23 24

Es ST R qry? Sagic SRt faEnaed B grads
16X PEr8miaade bAgnBlod ks RE ToWeRmperature requirements. A multi-grade
17  crankcase engine oil refers to an engine oil that has viscosity/temperature
18  characteristics which fall within the limits of two different SAE numbers in
19  SAE J300.
20
21  Cold-cranking simulator ({CCS) apparent viscosity of automotive engine oils
22  correlates with low temperature cranking. It is measured by ASTM D5293 ata
23  set temperature between -5 and -30 degrees C. Engine oil specifications, e.g.,
24 SAE J300, include maximum limits for CCS Viscosity for multi- grade engine
25 oils.
26 :
27  The Gelation Index which is measured by ASTM D 5133 is a number
28 indicating the oil's tendency to form a gelated structure in the oil at colder
29 temperatures. Numbers above 6 indicate some gelation-forming tendencies.
30 Numbers above 12 are of concern to engine makers. This is the maximum
31  value for AP| SJ and ILSAC GF-3 Service Categories for Engine Oils.
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25 which is lost when the oil is heated at 250 degrees

C and 20 mmHg 26 (2.67 kPa; 26.7 nbar) bel ow

at nospheric in a test crucible through which a -9 WO
1 PCT/ US2003/033493 1 constant f f ai

@%ﬁ@%@%ﬁor 60 m nutes (ASTM D-5800). A m%gi(}'ggzoos%ﬁm

conveni ent nethod for cal cul ati ng Noack volatility and

T e T
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such as or, ex e, A- 3 an -3 in Europe, an
7 ohioect SSTHARRAN surierbatecTcais POHTHS magsufRaR Strer
& ol ASTMID ¥o&d, AW PrtMe NG ASTIWDVEARI0Si ty oils with
ki nematic viscosities 11 below 3 ¢St at 100 degrees C
fhey have linited their use in passenger car 12
1ENITREsRickR atidNaYoNMFOW ?P&He' Fr8iniung eRGIRE ofd hreSShB@kK $n Table 1
devel oped for use in I3 autonotive engine oils shoul d
ThavkeleWvol atility no greater than current 14
onventional Goup | or Goup Il Light Neutral oils.
Lubricating base oils 15 prepared according to the
1dresent invention general |l yfakled have a volatility 16

0]

W AR SOFFRPISTIOES 17 18 FTSKDAGWISEPSTIY SRET RSAC
12 Viscostty gL iogeCoest- ~ 0 P pATAZY o L1E1968
SYFEHERPE gas (yngas)compr i LB o D0 IR @ 25
hy rgﬁgn A \ri‘ng {Jfﬁr‘oxi Ee A’ IR oi ccher 2;9@13},5»\

ca d e BYEX ¢t eltre™3¥ur e and pmé’&re

14 eactive conditions. The Fischer-Tropsch 24 reaction
is typically conducted at tenperatures of from about

183 00T KlegrerABalichs f3515¥ gtdde (IOmilRY ERgiAe bild aleatibwi FDTable 2
de r(?es to about 370 degrees C) preferably 26 from
16abg‘i3ﬁ°‘4100 degrees to about 550 degrees F (about 205
17egrees to about 27 230 demhgmpes C); pressures of from.

about 10 to about 600 psia 28 (0 7 to 41 hars)

pr G/ ASE 300 psia (2 SAEAPNMGE0 o) ArRAE W40

'spa\éiecosﬂ@ah'é@QSGi eStes of from [@H6UR5100 to Af®680, 000

cc/QCBrcP preferably 30 300 t|o7®0008x @728/ hr7000 3ax @ -20

HTHS 2.9 min 3.7 min

Scanning Brookfield Gelation Index 12 max 12 max

18
19
20 Muiti-grade engine oils meeting the specifications for both 10W and

21 15W premium grade engine oils as shown in Tables 1 and 2 have been

22 formulated with the lubricating base oils of the present invention.

23

24  Noack volatility is defined as the mass of oil, expressed in weight percent,

25  which is lost when the oil is heated at 250 degrees C and 20 mmHg

26 (2.67 kPa; 26.7 mbar) below atmospheric in a test crucible through which a
-g-




32 The products fromthe Fi scher-Tropsch synthesis nmay
range fromCl to C200 33 plus hydrocarbons with a
majority in the C5-Cl00 plus range. The reaction can

whBeifds29P4/ 046281 PCT/ US2003/ 033493 1 be 9%’9&81#3%93493

In a variety of reactor types, such as, for exanple,
fixed bed 2 reactors containing one or nore catal yst
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19. Scérvenimial GfoupldWr Gréup® Light Buttal BilS alubicatingbaBe bike
range of from about 0.7 to_about 2.75 and referabI,Y
G oaﬁepi@dé’ﬁfi‘eﬁj‘"@.tq theprgpytidnvention gengaglty; vl F%\fﬁ g volatility

11 elitih @fbsEirgsdeer - Tropsch process is 18 taught in
Eur opean Patent Application No. 0609079, also

TCompl etely 19 incorporated herein by reference for all

1PUr PRERsTropSck Syaitids@P! € Fi scher-Tropsch catal ysts
conprise one or nore Goup VIII catalytic 22 netals

T®uch as Fe, Ni, Co, Ru and Re, with cobalt being

20" 208 o AT ALY o 3l o ekt

2Fi sforreed by epdadiingat synihesisgasisinges) esnfisingvemixire et s
of 3
281, (Rl ARG Qbnpd R Pty S eneld,

23 upgpiiblertamperature apd plessirol rpadiive canditionse $hp Fissker-Bropsch
24 by g b e R et o oy 5586 pebliBia o
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at al ys 9 conposi tion. at al C al so
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29  velocities of from about 100 to about 10,000 cc/g/hr., preferably
30 300to 3,000 cc/glhlj. :
31 _
32  The products from the Fischer-Tropsch synthesis may range from C4 to Cagg
33  plus hydrocarbons with a majority in the C5-Cigg plus range. The reaction can
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32 as Fe, Mh, Ni, and Re. Suitable support materials
i nclude alum na, silica, 33 magnesia and titania or
rri xtures thereof. Preferred supports for cobalt -11
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147 BB EL OB PRREL ABDICEHON R (h0D07g % Aot
19:ompcmrsona¢,edaheran|bd|refecempd®r@iltpmeﬁ.ay optionally 25
ontain an active netal conponent havi ng hydrogenation
activity. The acidic 26 conponent of the catalysts
2'pr eBuitabld KischeciTupesh aatalystseromputisabae pomereSARDP VIBZatalytic

2§ chah RER g ety SR e SR 00 1
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metal oxides. In general, the amount of cobalt present in the catalyst is
28  between about 1 and about 50 weight percent of the total catalyst
29 composition, The tatalysts can also contain basic oxide promoters such as
30  ThO,, Lax0s, MgO, and TiO», promoters such as ZrO», noble metals (Pt, Pd,
31 Ru, Rh, Os, Ir), coinage metals (Cu, Ag, Au), and other transition metals such
32 as Fe, Mn, Ni, and Re. Suitable support materials include alumina, silica,
33 magnesia and titania or mixiures thereof. Preferred supports for cobalt
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32 are especially preferred as the active netals, wth
pl ati num nost commonly 33 used. -12 WO 2004/ 046281
PCT/ US2003/ 033493 1 The phrase "intermnedi ate pore

joZen n used herein, refers to an effectj
%"é’f@""é?é% ure in the range of from about 4. gbi[rgszg%;g)a:{m
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qgatal yst using a non-aqueous nethod. Non-zeolitic 17
nmol ecul ar sieves include tetrahedrally-coordinated,
pdrojsomerigation,angSolyent Dewaxingi ch” may optional |y
14 nclude silica. See U S. Patent No. 5,514,362. 19
Cat al%s_t s contai ni ng non-zeolitic nolecul ar sieves,
1par bydroisempijzatian onfet the ppposeh elihisidisglasnrosinpPhon whi ch
hew . i i -
1érret ﬁéﬁﬁaﬁ@? IQ?rﬁéhd%%RB%ﬁ:%g?Hﬁe'd?ﬂi ﬁbv?érn %Hae@%ﬁ%ﬁoduct

ve shown greater se activ

ectivit
1% halby theeslectivepadsiitionl of branching o H@/@oté@@ar slfucidgeous
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202"GhAling, S RIACERTelAANGR céﬁw gégg,foq'aﬂe%%t Forf RO

'n a non-a non-react
250l precdssaypically moes hoheadtio be combined ivdihLddalitionaledesvaxing

' h 7 i ti.on, Sol {
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2811 seimssig an bbtive metal component having hydrogenation activity. The acidic
26 component of the catalysts preferably includes an intermediate pore SAPO,
- 27 suchas SAPO-11, SAPO-31, and SAPO-41, with SAPO-11 being particulatly

28 preferred. Intermediate pore zeolites, such as ZSM-22, ZSM-23, SSZ-32,
29 ZSM-35, and ZSM-48, also may be used in carrying out the isomerization.
30 Typical active metals include molybdenum, nickel, vanadium, cobalt,
31 tungsten, zinc, platinum, and paliadium. The metals platinum and palladium
32 are especially preferred as the active metals, with platinum most commonly
33 used. '
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32 Chem cal Technol ogy of Pet'rol eurh 3rd Edition,
WIlliam Guse and 33 Donald Stevens, MG aw Hi || Book
Conmpany, Inc., New York, 1960, -13 WD 2004/046281
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of free hydrogen, in 18 which the cracking of the
13 arger hydrocarbon nolecules is the primary 19 purpose
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47,121 and the contents ‘'of Wwhi ch

19r &atelw%wont%mqmraw&tlwme@ﬂ!@’r gigees, iparticHgrly catalysts
20F ntdﬁoh‘taatuy ng Eapoae %ﬁ rmﬁigch@ﬁé ?ﬁétéﬂth'a? 'B%emj s‘i’({eﬁhrsgngtd ng,

rocracking, an fCal Catalysts. us
2%e amneﬁqwnes prefveddsws shaun QW@lﬁﬁ selectivitysng aotiwtyuban tixge

22?8343? Iﬁé %&h%%’b er na?(lﬁﬂoén gﬁr@ﬁon g*e%g&t( ﬂmté?;g\’é%ﬁ)al
23Ap pihiegtbneimpreions dgpositioncif aslivephetaisruman-zedtitipeiolesdian mieves
2400 RGPS, BEeRNOSEOUSRRIN idfiorArfle 560sL iflRfles
2mi a:kﬁol\mg ¥ bormpoumdosf tima adtwb meatal ia nen-agluaois) aocosreactive
26  solvent and depositing it on the molecular sieve by ion exchange or
. 27  impregnation.
28
29 Solvent dewaxing attempts to remove the waxy molecules from the product by
30 dissolving them in a solvent, such as methyl ethyl ketone, methyl iso-butyl
31 ketone, or toluene, or precipitating the wax molecules as discussed in
' 32 Chemical Téchnology of Petroleum, 3rd Edition, William Gruse and
33  Donald Stevens, McGraw-Hill Book Company, Inc., New York, 1960,
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32 siliceous matrix. U S. Patent No. 3,852,207
describes a suitable noble netal 33 catalyst and mld
conditions. Qther suitable catalysts are descri bed,

W{J&‘gﬁéﬁ}/\o 2004/ 046281 PCT/ US2003/ 033493 LC‘E(?%IO@M%

atent Nos. 4,157,294 and 3, 904, 513
non- nobl e 2 hydrogenatl on met als, such as

pic rg%'ayf%e%lé 1B ESUpAE Noé’&%ﬁfﬁ:aa' @7??%503:“@ nal

cata St conpaosi on as oxi or nDre erab y or
Dos87bH.988. ds géneral, Withdle mﬂntgnmti@@ wpmmfagtlcmlé ustally

a]?l‘e# n QQ{V@?QOI{/ 'He%vgﬁn asﬁr‘dequl&ﬁttﬁt her?te\d&vcﬁltﬁ@d

erre non no nmetal catal yst co
zé onpraducts.rHeweves solthcﬂe\n@wog ey bﬁea@vlanta}gep@aihused in

ﬁoﬁécgréﬁpet}’onqufltsor%{aﬁf’atigﬁ %JFecé\Qe V%'cgmerfeﬁr vax 1o 1{0@@95

num an | east
@ndlsgmaezmiohy about 8 1 to about 15 wei ght percent of
'.I/1I ckel and/or cobalt determ ned as the 9 corresponding
oxi des.' Catal ysts contai ning noble nmetals, such as

$| aHydnotreatih@, Heditomrackimg, endddwdrofinidh@ig per cent netal ,

€£eferably between 0.1 and 11 1.0 percent netal.
nmbi nati ons of noble netals may al so be used, such as

10.2 erdrbtnea&m;gcréfepd; tata catalytiopropeds, aslialiyncatiied ollﬂln'lthe presence
ydrogenation co ents can be incorporated: |
Y eotifee Rt dips P OSaT B i GRR PERoRs R Fn@my pfVeiold Fretal
12U n@ig@&ﬁtn@ﬁté?ﬁihﬂﬁa@arsé’rh@ rbwﬂmatgmepéuoo raslsﬁfllf?pamhmtwgem; or
can e n CO- 1 NQg,,. .
1§ norRgHARS Gt tha Pesi o CRRIA L M R0 €PBtHon cracking
1A;0n3.n§|qn@ gyérocéérbtﬁ?] mmmigjwbﬂfél Ltsream% #% |atyeg Rydrocarbon b@lecules
co I ned W e re C oxl.de e
1§ or s T BYOrDER PR Tk B Moty LBe dpatred 12
1@ Pehyirb@iborid e %ltﬁmwrﬁaﬁlaﬂﬁﬁK réfeiRed MR)dexRackany refers

~ their sulfides, oxid in thejr reduced form 21
152 tprrecatalilic RrogewmEsualy carind put BrthermRpengsBTaeBIdrRAGHy In
1§0nﬁh;bn #He &ﬁ&l@ng?@fl% %rg&%yeﬂicamohnﬁo|a@méyisttue pﬁ?ﬁﬁﬁj

t hat have acid I ncl ude "anor phous silica-alumn
1924 PrIpOgsRoighe e@er.atlm Qsmna drdresicking hydrogap i 3dded o the

-2(5m| l%Slélcﬁ‘lbs SheYe bclﬁﬂr%'%hgéoﬂﬁ feodSl 'rédﬂéleﬁ [ﬁ@éuifhr‘fzatlon Igimd/or

| ecul ar sieves ze0|te Y, zeolite X and
2‘so denitriiention®f thetfegdsteckiales usyiglly wdl ogcdihd hi gh
z?tructural silica:alumna ratio zeolite Y such as 27
hat described in U S. Patent Nos. 4, 401, 556;
231, seetahysts; useddn aniiy 86 hyd@geging andhydeciacking eperations are

Ul i 458 s pliaLAPS BAmINGR PR oRi R
25i etll 840,887 dhe camichis of @ﬂlcbsaeej henmeby inberporated by sefpleace in their
2 o, PR oh B AR BTt PN iR eparsRsing: 874 9%

21 hetypizol m@yﬁkm in each of the processes. Suitable catalysts include

28 noble metals from Group VA (according to the 1975 rules of the

29 International Union of Pure and Applied Chemistry), such as platinum or

30 palladium on an alumina or siliceous matrix, and unsulfided Group VIIIA and

31 Group VIB, such as nickel-molybdenum or nickel-tin on an alumina or

32 siliceous matrix. U.S. Patent No. 3,852,207 describes a suitable noble metal

33 catalyst and mild conditions. Other suitable catalysts are described, for
-14 -



32 nol ecul ar sieves described in U S. Patent No.
4,913,799 and the references 33 cited therein.
Details regarding the preparation of various

WRNdRebkt € - 15 WD 2004/ 046281 PCTI US2003/ O
ol gcﬁ’l At sieves can be found in U.S. PatenIE'{(?.'ﬁﬁés?ﬁo:’;Im:"493

5,114,563 (SAPOQ and 2 4,913,799 and the various

{nge% RS $h B! z-'%t%rﬁ Nds>4 15’?‘&@&%&\? 904 '59§3TI‘769|90|} -floble

soporods nD ar Sieves'ca S50 Db
2x angolregenbtorvibbtats, Sach by nickelaholyhdesuinafrs mab&esmﬁemmthe

12 Ty € e b e B ey

4, 384fjde6 8vhearsdcio coMp U Rls(ake @gidy felrmad fromNAe padicBls® metd)

yribrtac Py GoRRot e el Somta b ToRf B
Emat @‘rabahiss warght pacmttam,efesably alaomlﬁdb aboutetOaleight mesent
ca:.al um

31 [ oRBo b RS estEn, et 1eaSCaRRRE: bl gpnogany about
&i | { woabiout 45 iveight peveet of ﬁ&kal%rﬁ&:rmabadt dstempased aotie,

h
R ntdine Gades Bafiiste Sentdluing neble el st platym.
1@n Sccﬁnlténh m?emgm@m &1 pbrcemtmetal, ;p'merhargua?mmyo lbetnaz
ei r nat ur Ur I N or er e r el atl no
151 oL pPRarHEot. GoRananens REROR Ristals eu PR o Uik Pech as
1ANOmpdRired oﬂ:)latﬁﬁ&\ ad\mauxaaiuhy occurring clays which 14

can be conposited with the catalyst include those of
3 he nontnorillonite and 15 kaolin fanilies. These

14| aftse BRIfodMatisEebrBorich® daabeShadrBordtedanfodhd alémi BhRafet
16 or initially subjected to dealum nation, acid

18  cGAPRISHIOR DY GY ANe &f PirpecEs pEcedyes. he hygirggenation
1er {hAInBAtsI AR b@%@@@ E@ﬁ]ﬁ’tr&%oﬁﬂ)@ﬁ@ﬁt H}Xﬁ[rﬁblfﬁ@tlmgﬁagnat:on

operation, nore one catal yst type may be use
17 n artien exchenae anm @ropp M epmpenands. 8¢ m%@ne@rﬁndzo

1%25 dﬁﬁwgﬁg@{iﬁfjbé Bérﬂbahéd QAR trﬁé; eﬁjagtggr g lr f pregnation,

CKI ng condi t1 ons ocunented in
19 hecd-inuiing oue@precipitairy Sudna petuglnpeiionathese FEYPEREnts can

2 4 ey e kR SREs. bl n b RauRBHAL2Y, ¥ =4
2Ppressure genér ally ranges 25 from about 500 psig to
22 ot 2870 BREneBadltbodemalhys8 sRaply g bye acfc
23 abmalylﬁ: &tiBa Cnes 2vat abwacld’iy lﬁclwﬂ%aaamorMbue giioa-alumina or
l b
T L R T
25 e&dj)itablﬁemgfeﬂ ﬁié)wcaﬁr Blevéd‘ugcltuﬁé éec&Mszéegﬁd X agdltlgﬁs% c(:)ailmi
o slia 5iablereRlie sy aish iBh BREctal Sl Perala &5y sten as
27 anﬂamesf:r@en in08! Patdat 196 400 [55654,620,202 04 5,858)567.

degr ee about 343 degrees Cto t
28 gSmal?cryst(al srz-:-gJ zeolite Y, su%h ass’ihat descrﬁl)egll‘lln U.S. Patent

29 No. 5,073,530 can also be used. Non-zeolitic molecular sieves which can be

30 used include, for example, silicoaluminophosphates (SAPO),
- 31 ferroaluminophosphate, titanium aluminophosphate and the various ELAPO
32  molecular sieves described in U.S. Patent No. 4,913,799 and the references

33 cited therein. Details regarding the preparation of various non-zeolite
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32 454 degrees C). 33 -16 WD 2004/ 046281
PCTI US2003/ 033493 1 Typi cal hydrotreating conditions
vary over a wide range. In general, the 2 overall LHSV

@dﬁ&% p.25 to 3.0, preferably about 0.5 k@ﬁ%}gﬂm&%

rogen 3 partial pressure is greater tha
preferabl y ranging from about 4 300 psia to about 2000

i AP HEESPRE (BB B OB, PRERNSL B IUEAER A g,
25_0|04 amﬂ.T%Q?:i ﬁ@ﬁlaggﬂs rei;%riéemtgg irdsS. iRaterida. & B3199.
fe ek EPe AR AR R Pa S el 57 o P8 o g MEZS famiy

£) , ofmatbraiabs Yesdibedirgd.rimf Clem.4Ae., dddrides4A0843(6002)),

4o HET e 5, LR S @57 Dbt v S5PHAED 4,

g n Mioa-Laiteekmset 20, Naﬁﬂela Fﬂ%t@?}@@@@?))r@ufb@mﬂlx mMétedals
’ n n
 oruBhS PR hste RErai AL SIS a3 Rl S sl of

8 hemptedidis alictbys ¢4y e&lma\/arﬂg)rtmiétﬂeﬁid@é saf;h)ﬁﬁtsm@@a!umma
ol efjins, col or ﬁod s,

§ hi Yicgraagnssi ailicy E‘écci”éﬁ* i %ﬁﬁ'éb‘?"l"iaflgﬁ")"@" éﬁlga f'@“tehaes well

10t addl delriayy €dmpbdRidne Psuchidisi si@a-ahniRaSoridl biligd-aluRfha-zirconia,
fini shetillil ubricant, K when exposed to WV | q,ht and

Toxygisr:alamingrEadiissia, 8gd plcT-RapReae A e later giay be

1P" egifhl halRilly @6éﬁr1ngJ§M?ériv¥d ﬁﬁ#?eﬂ’ﬁm%@ﬁré&fplta% or gels
cl oudi ness, or a _darker color devel ops upon exposure

13 o ineludipg rstees (of giHiea andimetad oxjgles. thlggy]\é@cg]umng clays which

141€SEdr wetddaibo@ftedwm m‘é éatéa?ét %iua@xh&% dfANE thdnbmbtilBnite and
Pat ent 20 7 and 4,673,487. Clay treating

180 lfa@.lmfﬁémhq'ﬁeg Eefremaaya @ar@ze yseddm thexaw taterasarioinally mingd
1" 05858al§ sBBjec®d to 43albhiidtibh aédd’tﬁeaél%én H&ﬁuc [ modlflcatlon.

separation of the Fischer-Tropsc erived pro Jucts
14 nto various fractions 26 is generally acconplished

y
165Y 1B Sty ERAGRCrack i R k bSatd et i
19At naesptatalyst tubesndy b@useuhlmtbe reagtor.yipiectiférgniucatalystdypes can

e |late fractions, such as
20?1a|g%{ %gg %ﬁn%@g‘%fgtﬂr%%édst illates, froma bottons
21f raction having an initial boili ng p0| nt above 30

0
24 0 Rl BT BT hs b B R st R ip g RBHLre

23 engemeed] \the svérakLHBY is abaltiomghrdfio Ebwﬂﬁ)ﬁdi heavivyseferably
24  from about 0.25 hr'' to about 2.5 hr''. The reaction pressure generally ranges
25 from about 500 psig to about 3500 psig (about 3.5 MPa to about 24.1 MPa),
26  preferably from about 1000 psig to about 2500 psig (about 6.9 MPa to
27 about 17.2 MPa). Hydrogen consumption is typically from about 500 o about
28 2500 SCF per barrel of feed (89.1 to 445 m> H2/m® feed). Temperatures in the
29  reactor will range from about 400 degrees F to about 950 degrees F (about

30 204 degrees C to about 510 degrees C), preferably ranging from about
31 650 degrees F to about 850 degrees F (about 343 degrees C to about
32 454 degrees C). '
.33
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32 may take place |leading to fouling of the equi pment
and to |lower yields of the -17 WO 2004/046281 .
PCT/ US2003/ 033493 1 heavier cuts. Vacuumdistillation

%iﬁ%ﬁb&fz@{ ly used to separ ate _the hi gher_ 2 P8J”I” ﬁ%}ossm

material, such as the lubricating base oil rac
3 4 As used in this disclosure, theterm'dlstlllate

fir a%ﬂ)l@éi hy@irotrergiérgf édn'dﬁfbrﬁs %/érgfo%rsa W&anﬁe Sh ggnérar ii-AL

EI‘O uct reécove el the m an

r aeveralh bitPYrs gbeud D ih{o S0, ﬁ@fﬁﬁaéfwazb@utﬁrﬁd@ &ﬂrﬁ habydrogen
IRDPARE Brisduiic GiEubOREn 200pCD, dref BN SR ol apput
ﬂJot B@Gﬁ)@a to abqu’q 80% pwmwl-lycbogercremmosadmsam typiveily greater
{Ha]h's%tﬁﬁfsﬁlckh@ Bre J}réff%h}r PEwELS %B and 5808 Sor Bb

dIS late fraction par e elur I ca
baséemperaturgs ipribel reactasiwill taege fmembouhsece pe@“semt:so ah@ut

o 56 Betoed P fatdd (37 ladb8PEIH sl B fheokbs O Bt e,
8 c&inginy oot 45Ddergesk do 6)0 dmg'reespF ¢236r @é@jrgeé)@twvabmut

bo 2.8 ¢St at 16 100 degrees C, and nost
%re L?é%q]ry&ge vveen about 2.2 and 2.7 cSt at 17 100

1@legrees C. As already noted, despite the | ow ki nematic
[ ' f t 18 Fi h T sch . de
SETbhtat AR o Be FhaFREA TRASER S péResesiy | ow
129 manqu‘actetai?g prochsd. Tﬁisrfigal ﬂqﬁ,ro@hﬁemn” ggeﬂleueﬁdrﬂﬂmshmg, is
€} - (I ou a oi
150 bR R mptngiRe 1150l 308 apbeardnercet the graduRl by
14l Sltelnidvmgdrafcéaofarematleeﬁdalelfﬁs tdadtoribodies! Arsdivamts: ?ls' Uéed in
ste

165 CHEEuIRE. 4ot i paoblity robrs togn S@plarat e fbpaaing
1@ygmm$ns)r tﬁW‘tereHQ%ﬁr[cﬁﬁt wlﬁéfﬁ%;@idé%é‘t%{ﬂ 09, rl}lgﬁﬁi@' oKybn.25
r z |1 O ewax|l n rofinishin
! g“;ﬁﬁﬁgfﬁ Ingicated whan %WSlb%rmemQ@t% TSy Sl Bepres fog or
1?7 cl@Hirde, ﬁ%ﬁ&k%@%\f@l@% mﬁokureag uﬁ%vyﬂzﬁ light and

etrol eum derived base ol | ended 'w th

i sthérgener descriplion obaydradinishingimay be @unda@ Hi®Paiedd
26 0 lﬂé@ Bay52, 207 i Wos # o7 @‘Ihyk}?é%ﬁn%fd reﬂfov%tiﬁeéeg}ﬂgﬂﬁﬂ%qf an

Wi 32 conprise’a Goup I, & ,or a
| Zbas@tematw@ifm%{ PIPGERE SteBnt ai ni ng a

22

23 Distillation

24

25 The separation of the Fischer-Tropsch derived products into various fractions
26  is generally accomplished by either atmospheric or vacuum distillation or by a
27  combination of atmospheric and vacuum distillation. Atmospheric distillation is
28 typically used to separate the lighter distillate fractions, such as naphtha and
29  middie distillates, from a bottoms fraction having an initial boiling point above
30  about 700 degrees F to about 750 degrees F (about 370 degrees C to about
31 400 degrees C). At higher temperatures thermal cracking of the hydrocarbons
32 may take place leading to fouling of the equipment and to lower vields of the
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33 mxture of two or nore the foregoi ng conventi onal
base oils. As used herein a -18 WO 2004/ 046281
PCTI US2003/ 033493 | Goup | base oil refers to a

lgugy derived lubricating base oil havi
tota &F]fur content of greater than 300 ppBQT’?{%ZO‘?3’033‘l93

than 90 wei ght percent 3 saturates, and a viscosity

| g B B A Y B

mavbmkmmat@hal steafl dsuthe Gudmicatirtg bdseadedctiors. or | ess t han
00 ppm saturates which are equal to or nore than 6
0O wei ght percent, and a VI of between 80 and 120. The
45 ofpusbdd inlibis eiisnlolsere theltemne "dlﬁﬁlatetﬂ‘antioﬂﬂﬂ “diptifiatailréfers to a

SF 4508 E5rt PEhEl et HRo R P o BriiRhor kg °

& onguliae ot frgdmta \anoumrdo&m asmﬁpcm@d th ervbettoras"dehichut s

' ron1a va and 10.include, for
ox Bt ein ot Hafer Pllab rbfEn fharersd raMaba bftom o
Neuheablupgse 11 stocks The petrol eum deri ved base
oil also may include residual stocks or 12 bottons
ractions, such as, for exanple, bright stock. Bright

165t Oflfe FcheRT@bschDidilkAo Frddtidmse oi | which has been
conventional ly produced fromresidual 14 stocks or

ottoms and has been highly refined and dewaxed. It is

1nanpk ﬁi@éher—ﬁoﬁd&ﬁ dRfuts SERs dskdab e t@ﬂb&%uﬁ%@% ail

has a ki nematic viscosity above 18 16 cSt at 40
1qork¥ 05@‘3@@%1’%"&%@"@%@*&:@@" Rartiamef thy FriscBer- | 1opsglt derived

140 gﬁ@&@éﬂh}éwnéé VisRBSiy & afbbﬁm élbé]’éhte?QQt EEQs thhRQ c‘?:‘@at at

| endi ng heavy ‘neutral or g{ stock wth
)

1‘5t helQf] deghess. r'BB@d@fefG@ﬂlwféfﬂwﬁﬁ%ﬁqu a’&*eamti a8taS8at i s a
16" ef R d&ffe é@cemaqﬁbﬁ%%e%fblytﬁé%wéé}ﬁwt% argd Feest he
ng

resul ting |ubricati ase "ol |

1% s pHY) dadrees GvhAs/already Inpteg, degiile thelow Kinernaijs ignesity ekthe
16 oy ST ol Hefid i RAchBh, e KioR FEREY B el Bow

190f deinsysned toTtheidech pslyoletre siegved ¢conyiniidral Geatipduand Group H
o' %%%%iﬂ,? giefaéﬁt"?}?s%ogi cussed in detail above al so
may Pe en‘ngyec} E}’; '

to prepare the desired 25 petroleum
21derived base oil used in the invention. 26 27

? )
221G et Befloy UiBAT Bl kBl el ol 5,
zmoq?rdp@'edetsmfjltheavaﬁws fgmeesin@eiepgd%@u%&gnedettaﬂ:,atboye,
0 eqrees an i s
24 i repEa TRt At iR pdPaBeto. BB,
510Q'uydﬁdscﬁﬁ@i@hmde\b@h@wmm|blhlbl§tdtﬁrbephéri& didiftation, and

26exar£%uum dlstngtlcltnUbr 'cating
27

28 The Petroleum Derived Base Qil
29

30 The petroleum derived base oil blended with the Fischer-Tropsch derived

31 distiliate fraction used to prepare the lubricating base oil of the invention will

32 comprise a Group |, Group I, or a Group Il base oil or a blend containing a

33  mixture of two or more the foregoing conventional base oils. As used herein a
-18 -




33 base oils prepared according to the process of the
present invention neet -19 WO 2004/046281
PCT/ US2003/ 033493 1 these criteria. In addition, the

Wb &alkng base oils of the invention di Spk@*{,{g?m%ge-’g%

uni que conbi nati on of properties which could
been predicted froma 3 review of the prior art

g ) . . '
o Sy Be ook RAB SoRAR] d g TR BN R v =
. %/ tofalsHBuORtend pkgreatentheoB08ippm, ldsattearf $Gretigbhpathetth

: _ ; i _
S+ PotBiRAL B WidBobAndies &) BrRhw a8 arkEfod R36ufl bage oil
4 s Wiemitgma peirelevesiesibedlubiipating Hase ol hivbg adaial sulfubesretent

C1 ; gy T of

9, a5 FER905 b, LIBARUARA Ly Gy

@i s90 weighbpéncentt ansha ¥hdf hdiecpr 80 ahd da.diel Gedp iabease oils

il t her .t hi .
Por B oL R 3D o DR R B0 R B8 Bl Cacfoqny, anc
Bf YieofdiZf@gessterc thp Grq@mlmr (lﬁrbﬂfé Hrbjals'é (o] ic@ﬂhﬁiisﬁ lighhe
t end w leed. to be

o R QR A PR B G an
10 eciadnida,gor exdniphatighh WeatatbRiediim Keitfa! 41t HaRy MNdL@Wbase
e e PHa e P bl A MY RickiBRgesiual stocks or

121 shitintsyfractiond, sacnag, formexahdle, bighedi@sk B %ﬁ%@ﬁiktiya_high
18 Pour poi nt

] BRI U b L e

14 u kn’t?@tlatdr heithras and®hhs védr higﬂl? r@fﬁ@ild rhnFﬁi_eWagééﬂ.Ll’lﬁg Pamed for

2Ry s etk sang e L e e eslE

160t hest it 86°C, intord prefEaBl 2861 L5 BSthtln @ lamt sﬁﬂ $ard p,r?ferably
S

7anal ti c?l met hod ASTM D- 5950. Lubricating base oi
7o eraésa'ea ropabout 804500t 00 £t Ab4G Ce Blandinarheamy neuiral gu bright

18EX CbdkaMth e Fischel-TYobstMidiVed iitilAs SeNRaL A r@feﬂ‘%deven

bel ow t he pour points observed for conventional 24
19 e remislimeniof the inyRptisasdnes the resutimgdebrivating basenail will have
xt . 5 o o
P o R o o b i BN idaton
21di siability ae cempated énmany eonvetional basgollmse oi | s of the
2928 invention wll have an oxidation stability which
will generally exceed that of 29 conventional
23| ubVitle tei exgepiinsef Gischet Bopsch synitesiseti af e varipus processing

me : i e oils is by the.
24 7T= SRl cSactn YR abbld aRf el ARG Prafer¥nd dsired
255t peyeleanddasivedbasd oil WseS.in Bat lamdntidn852, 207. There are
26two fornms of this test: 32 Oxidator BN and Oxi dator
"7 B. The Oxidator BN test neasures the resistance to
27  Lubricating Base Oil

28
29  Lubricating base oils are base oils having a viscosity greater than 3 ¢St at

30 100 degrees C; a pour point below 20 degrees C, preferably below

31 -12degrees C; and a VI that is usually greater than 90, preferably greater

32 than 100. As explained below and illustrated in the examples, the lubricating

33 'base oils prepared according to the process of the present invention meet
-19 - '




33 oxidation by neans of a Donte-type oxygen
absorption apparatus. See -20 WO 2004/ 046281
PCT/ US2003/ 033493 | R W Dornte "Oxidation of Wite

' y ustrial and Engi neering Chem stry
g ’z%%oé!ézﬁge; 1936. Normally, the conditi onspg?ész}{%msws

at nosphere of pure 3 oxygen at 340 degrees F. The

ges tHefsé SRkl ﬁpa%ttﬁﬁ thQ lJb%ﬁﬁwd &s@%ﬁé’ Bﬁhé%n%n g%ﬁgﬁf a
02 by 100 g. . dat or test, O.
éf HBiHe 9@mbm§thrs@‘darwm%s wtueh g@tdﬁ@omaV@u heearmgedipted from a

@d dj l'é\ﬂ[é(r@oﬂﬁﬁ lﬁﬁ&%r# %Iétiﬁ% 't?‘ & doﬂvérﬁ%nﬁtdh nd FTelIEFleF FoPs¥st

a mxture enat

é i nrm%ﬁrlai@ Thadnvgoiigndgkesadvantage i weyygisvb@f th@ ed
51 aPi&Eﬁé‘?TrB ch dT%mat%C}Pécprﬁ:h Wg%%ﬁegg\ntﬂ%ﬁ FQPA!S&m

zinc |spo ypr opy enep I ophospha
@_oodgm\@nld)a@e ol will resuibing inal Glend haBN; aymuﬂtwvlmhle is WIthln

fesgfgb?faé)@g“@l | Cagldynka g ASQI hed | ubri cant !n a 10

Si mu I on ues, or long times to
&dsorb one liter of oxyg en 11 |nd| cate good

t t,
5% 2 bbenoTHERE AL S o900 e 0P B b
1@xi dexived diilliatalfraction and the p@trelatmrdeinhedmaée?omlmamaﬁly
t

oabBnod] ek RO arlleGR aThrbt fed i iarEnggSnipan 4 Fapsitos
12X dathe diffiBrant sbmpsnents) d’i&?ﬁl@dpﬂ’[lﬂnﬁ btﬂPs aarﬁoluglffald;a?éﬂncthe

1§ P Wit Rt b SR o Bb il e Al il qoanize
1h avthataarhhaﬂkbegtmlf dﬁigelnt pet@cﬂeurﬁ &eﬁ'ﬁa\/mt Iuloﬁé)mu? ﬁb&){dﬁﬁ.ﬂe@ hbto

t._an out wei cen nl ess

141 ol Nagiieind, asgpilsodeng %?f qﬁlneg??ﬂﬁr\%ﬁa?eﬁvl "B %Emghe
16 onaet visbedity paigeciciivied P tideaysigndase oil, such as
1{Jeavy neutral or bright stock. In this instance the 21

olatility may be less than 12 wei ght percent. 22 23

18 N PHE foirk kb térn;y@amr@abwﬁaaea Ehﬁtb%fofﬁ‘ié)n&ﬁﬁ&ht rtia%@%ﬂ will
distillate fraction w || nprise from abou

1Swei Ragin fodloueinder sarswd}upo@ooﬂwe .cgmltlcmsr trethis cb¢clqawée tVﬂteétP
c25 ;&dua@bmarsl nb@ﬁSsﬁtlate@o@l‘ﬂéilWIsgh@hé’@ﬁééﬂ @éf&ﬂrﬁ#ﬁédt ypd

base oil wl onprise from

2herstandard an%{ﬁf&a{ mathogedi S Dp’%&@ehmbr@ﬁtlnmbaa%%@lpr@mﬁ@
- zzv\h%card[@tohﬁ@més@ﬁtmnﬁaﬁm&% é%%ﬁerﬁgaﬁrz@dmts vﬂ‘H&‘har@s

heav oi I or bright stock
23r eq@mnaﬁ@)le Recysineainw thesious peintsrabisemvat! faraevertionally

20N WihiSati L Bl [0 29 achi eve the desired

roperties o ubricating base oil blend than if a
29 ighter 30 materlal IS mcorporated into the bl end.

24l O St bl AL S gl B3 dn g
2bas Fisicheml fopschBderived distilidty fracti; tmduiﬁﬁoatin@basﬁ oitof the
28WEi ilgvhatntigﬁ (nfﬁﬁpa'\/eta% o@(Pa%%n g%bﬁ\lﬁ/i vgllu]lrt::h rg%%gnt'ally exceed that of
29  conventional lubricating base oil blends. A convenient way fo measure the
30  stability of lube base oils is by the use of the Oxidator Test, as described by
31 Stangeland et al. in U.S. Patent 3,852,207. There are two forms of this test:
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33 the final blend. In this instance, the
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30 material is incorporated into the blend. With lighter weight petroleum derived
31 base oil, such as Medium Neutral base oil, the petroleum derived base oil will
32  typically comprise from about 40 weight percent to about 90 weight percent of
33 thefinal blend. In this instance, the Fischer-Tropsch dertived distillate fraction
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33 been expected froma mere averaging of the VI's for
the two fractions. This -22 WD 2004/ 046281
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29  As already noted, when the low viscosity Fischer-Tropsch derived distillate

30 fraction was blended with the petroleum derived lubricating base oils, a

31  viscosity index (VI} premium was observed. The term “Vi premium” refers to a
32 VI boost in which the VI of the blend is significantly higher than would have
33  been expected from a mere averaging of the VI’s for the two fractions. This

-22 -




33 inprove the viscosity and viscosity index
properties of those oils. Lubricating -23 WO
2004/ 046281 PCT/ US2003/ 033493 1 base oils of the
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33 improve the viscosity and viscosity index properties of those oils. Lubricating
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33 Therefore, additional explanation should not be
necessary in this disclosure. -24 WO 2004/046281
PCT/ US20031033493 | Use in Internal Combustion

i 3 As already discussed, the Iubr|
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finished |ubricants which are suitable for use in an
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24 required with conventional base oils derived entirely from petroleum stocks

25 may be required to meet the specifications for the finished lubricant. For

26  example, due to the inherent stability of the Fischer-Tropsch distillate fraction,

27  lower amounts of antioxidant additives and UV stabilizers are generally

28  required in preparing the finished lubricants. In addition, due to the excelient

29 VI of the blends, VI target values may be achieved in some finished lubticants

30  without the addition of viscosity improvers or with lower treat rates of viscosity

31 improvers. The use of additives in formulating finished lubricants is well

32 documented in the literature and well within the ability of one skilled in the art.

33  Therefore, additional explanation should not be necessary in this disclosure.
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1 EXAMPLES 2 3 The followi ng exanples are included to
further clarify the invention but are not 4 to be
construed as limtations on the scope of the

\/ iQpn. 5 6 Exanple I 7 8 A Fisher-Tro
szﬁ(}}?ﬂfﬁggle fraction (designated FTBO 2.5) hg@ﬁﬂ%zmgmsu%

viscosity 9 between 2 and 3 cSt at 100 degrées C was

d b i.e., b
P O8EIS ) AeraSERLIKcfidaRihbed 10 above. ... by

Bydroi soneri zation 11 demaX|ng, hydr of i ni shi ng,
t l.at |
3 " RR ISR St Sed it SearBpoYaGH Kb P pethirillatel o
$r opsmhitradinisbag bedarite whioh at8 sgitableeioc Uise Inyaraintarhabl e
4 0, 14
Gl 98 prBELEAV A R AT BT 8 e o Yo
6 anﬁaha!Lmnﬂmstm erit;ﬁqecqumto amgngmﬁ which ushe apmp_l_ Oa::rilytlgms:i or
the t e S sSnown el OW.
Rox aseouS 555 BB 5t M SLaAY, qaling arig dighsf i,
8 \e/ ? Feels mﬁldﬂg%)b b%sl,lﬁ&ﬁle%‘ogﬁz_ﬁa ta.u&athala %d}nbamogsengmgé _?_d@Which
I I N - - <
RosBIE R the oo Bre Ihvsnlaf ircluly migerabderbieasydia such as
16 hOfrbﬁh gefroRQhE ﬁhélb giSr,clgal tsiri]mhgh: fdie, 9#'05 eR3hde @éritvé@;@rorn
scner SC er|ve materi a
1 F SeiRa apTcD VBeRSGHOBorHR B JBARIaHI A SHh 85
12 heebnaesgs ﬁélﬂ@é Bﬂh@aﬂdelsys&h @b fhﬁetl@éiﬂ)! te‘ﬂ%ré' %M@ﬁi&o

volatlllty was significantly | owe l e
1% %ﬂ@qmnﬂ%@dﬁﬂ%“%@aa@lm&é%lsw&ywet%eahefaﬁ%ql ewen'ea ad.

1M dpiegeiNast hidy mbw%ﬁmﬁép%lé i.e 381e§é1 HEIE @@nﬂalmr@aqéss
oils identified as ChevronTexaco 220R OR(Goup I'l) and

TiExx Bign aBgui,PRHWBIoRNPRTEeB I . The wei ght percent of

16TBO-2.5 in the total blend was 34 selected to

grow de a kinematic viscosity at 100C of approxi mately
olngaspal cogusiinn engijasringlude gasofinepistoplengines and diesel

18 UNBRGiAGL FhE Bndif® hiyDbe difher 674R8 & Blrole®rdour-stroke design.
19  The finished lubricants of the invention are used to lubricate the various

20  engine parts, including the cylinder walls, bearings, and the valve train,

21 ie., the valves and the camshaft. In automobile engines the valve train is

22 generally one of two designs, the overhead valve design and the overhead
23 camdesign.

24

25 The internal combustion engine may include a turbocharger which as used
26  herein refers to an exhaust driven pump that compresses the intake air and
27  forces it into the combustion chambers at higher than atmospheric pressure.
28 The internal combustion engine also may include an exhaust gas
.29  after-treatment device, such as a catalytic converter or particulate trap, which
30 isintended to reduc_e pollutants in the engine exhaust
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-26 WD 2004/ 046281 PCT/ US2003/ 033493 1 cranking
viscosities of the blends-as conpared to the
conventional 100 2 Neutral oils wth conparabl e Noack

latiljties (shown in Table 5) should be 3 noted. 4
é%é%'(o 21 Blend 1 Blend 2 Conposition 47% PCTM§2°°3/°33493
FTBO 2. 5/ 53% 56% FTBO- 2. 5144% ChevronTexaco 220R

xon Europe MN D- 2887 S%@%TBP T% F TBP @ 627
23 TBP 10 649 641 TBP 74 TBP @0 722 706

IBP @0 779 772 TBP @O0 832 830 TBP 90 910 901 TBP

94 T . 7, i | I .
£ < Bl efaing S 2 wbREs B/ ged) el bt didthor
A stodsi doystadedlHOENIBtBES 0B tBstopWics thedntentibndex 121 123
our Point, C-13 -13 CCS at -40C, cP 4432 4337 CCS
t -35C, cP 2217 2152 CCS at -30C, cP 1173 1137 TGA
NoaEkamd@le84 30.15 Oxidator BN, hrs. 22.38 14.79 6 7

J/:_xanpl e 3 8
8 A Fisher-Tropsch distillate fraction {(designated FTBO-2.5) having a viscosity
between 2 and 3 ¢St at 100 degrees C was produced as generally described

10  above, i.e., by the Fischer-Tropsch process, hydrotreating, hydroisomerization
11  dewaxing, hydrofinishing, atmospheric distillation, and vacuum distillation. The
12  properties of FTBO-2.5 were analyzed and its properties compared to two
13 commercially available conventional petroleum derived oils (Nexbase 3020
14 and Pennzoil 75HC) having viscosities within the same general range. A

15 comparison between the properties of the three samples is shown below:

17 FTBO-2.5 Nexbase 3020 Pennzoil 75HC
18

19 Viscosity at 100 degrees C {cSt) 2,583 2.055 2.885

20  Viscosity Index (V1) 133 96 80

21  PourPoint, C -30 -51 -38

22 TGA Noack Volatility (wt. percent) 48 70 59

23 '

24 It should be noted that, although the viscosity at 100 degrees C of the
25  Fischer-Tropsch derived material was comparable to those of the
26 conventional oils, the VI was significantly higher and the TGA Noack volatility

27  was significantly lower.

28
29 Example 2
30

31 FTBO-2.5 was blended with two different Medium Neutral petroleum Group |
32  or Group |l base oils identified as ChevronTexaco 220R(Group il) and Exxon
33  Europe MN (Group 1). The weight percent of FTBO-2.5 in the fotal blend was
34 selected to provide a kinematic viscosity at 100°C of approximately 3.9 cSt.
35 The properties of these blends are summarized in Table 3. The excellent cold
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9 FTBO 2.5 was blended with two different Heavy

Neutral conventional Goup | 10 or Goup Il base oils
identified as ChevronTexaco 600R (G oup Il) and 11
M&, pe HN (Goup I). The viscosity an

eac oug&t e petroleum 12 derived base oil 89%%6/{1525&1033493
follows: 13 -27 WD 2004/ 046281 PCTI US2003/ 033493 1

gﬁt E2hRi vleeaé.e{e%dof%gag@é as\/e;oﬁ@ea;xa Yo @Elc%%en%na% 0

evronT xaco 600R xon Europe HN 1
@8 N&UEalﬂdéwEb|Cgﬁpaw@ia:lé@ﬁckowlamﬁtw(aht@vmlnem5wwid be
&g rol eum derived base oils 6 was selected to
prov e a kinematic viscosity at 100C of approxi mately
# 3.9 cSt. The properti e's of these blends are
ummari zed in Tabl e 4. gg%alge4BlendSBlend4
nposition 67, 2% FTBO 2. 5/ 0 67% FTBO- 2. 5/ 33%

ChevronTexaco 600R |Exxon EllepmeiHN D- 2887 Si nBiead 2d
TBPCOpesitiorOF TBP @ 62Z%ZIBO-PESHE0 638 5638FTBOR2. T2 9%
668 669 TBP @0 696 6CRevrdHRxEEO2IHS 759 EXRn FKrop83MN
87PD-788P SWQI8RIT®®2 TBP @5 1011 1009 | TBP @®9.5
106N I8 SFBoi | i ng Range 389 387 Distrifution (5-95)
Vi 5TRRI@y at 40C 1§.6 16.5 @amscosity at] 100C 3394
3. 8PBP @tecosi ty Tndex 133 Ig4d 641
TBP @20 688 674
TBP @30 722 706
TBP @50 779 772
TBP @70 832 830
TBP @90 910 901
TBP @95 943 929
TBP @99.5 1028 974
Boiling Range 316 306
Distribution (5-95)
Viscosity at 40°C 17.64 17.02
Viscosity at 100°C 3.956 3.884
Viscosity Index 121 123
Pour Point, °C -13 -13
CCS at-40°C,cP ' 4432 4337
CCS at -35°C, cP 2217 2152
CCS at -30°C, cP 1173 1137
TGA Noack 27.84 30.15
Oxidator BN, hrs. 22.38 14,79
6
7  Example 3
8
9 FTBO-2.5 was blended with two different Heavy Neutral conventional Group |
10 or Group Il base oils identified as ChevronTexaco 600R (Group Il) and
11 Exxon Europe HN (Group I}. The viscosity and VI for each of the petroleum
12  derived base oils was as follows:
13
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Cloud Point, C-9 -10 Pour Point, C -18 -13 CCS at
-40C, cP 3263 3640 CCS at -35C, cP 1561 1751 CCS at
-30C, cP 852 950 TGA Noack 35.84 30.85 Oxidator

9}0920%% é? 17.67 10 11 It will be noted th?fjﬁzkgz%osyl rago3

3 was 133 and for Blend 4 was 132
is a significantly higher value than woul d have been

ﬁé P gﬁ;&gu D& é(gseoéll t h € Vﬂs%oﬁqy%ﬁg Oﬁﬁtgg one nf/\\gs h ?2

een aver aged.
_%ssé?hevraﬂT%KacdéﬁfﬁRcal to the VI1%3$7 t he FTBO 21®. This

ndj the blend -28 04/ 046281
CTF%%%%%?@%%%% 1 benefltedV@r%fn a Vi premQ%m As
#n the previous exanple, the excellent CCS 2 results

| o BB B818ony BEFFICES BRI ok 2Rt R e b

6 hewasbelecta toygrobids @ kmehmt[ofwseocsltmt €802 c&fmﬂ)p&)xmsatékh own

I n 2 apd abo be conpared
LR GRS MO R b v
glerived conventional Goup | and Goup Il Light
utral 9 base oils as su% ed in Table 5 bel ow
0 11 Table 5 ChevronTexacd? Coast Qulf Exxon
10pR Sol'vent TO00 Cdast AmerpgEag3 H- P. 100 Cor€gidpd AP
Ba >@oHtprIﬂldn rrr 1 ﬁﬂ%@WBWS/S#S%‘ = l67h FTBRS.:333%
Si ed TBP (W%, EhbRBniBfiddobt/ [BR-EA Hifohe HN
67¢p-2887 Slmulated
- | TBP (WT%), °F
TBP @5 622 622
TBP @10 638 638
TBP @20 668 669
TBP @30 696 698
TBP @50 756 759
TBP @70 831 872
TBP @90 981 982
TBP @95 1011 1009
TBP @99.5 1061 1058
Boiling Range 389 387
Distribution {5-95)
Vigcosity at 40°C 16.6 16.5 °
Viscosity at 100°C 3.904 3.881
Viscosity Index 133 132
Cloud Point, °C -9 -10
Pour Point, °C -18 -13
CCS at -40°C, cP 3263 3640
CCS at -35°C, cP 1561 1751
CCS at -30°C, cP 852 950
-{ TGA Noack 35.84 30.85
Oxidator BN, hrs. 32.79 17.67
10
11 It will be noted that the VI for Blend 3 was 133 and for Blend 4 was 132. This
12 is a significantly higher value than would have been expected if the VI of the
13  blend components had merely been averaged. In both blends the VI was
14 essentially identical to the VI of the FTBO-2.5. This indicates that the blend
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TBP @0 449 703 TBP @O0 455 725 TBP @0 472 761 TBP
@O0 489 796 TBP @O0 516 839 TBP @5 530 858 TBP
@9.5 576 907 Boiling Range 118 211 Distribution

NP A 0% 84 “T00C Vi scosity | ndex 1BSTESB:

Pour Point, C-14 -18 -15 -19 CCS at -250C, cP 1450

43 - - 0,.>

4008 R oy Al tsEis R Beae, s el cos
R0 200l etergeniROE NS2g031333nad®s thesk dismpaeiicardrersf stocks.
éable 3 and 4 with T}able 5 illustrates that the 2

i scher-Tropsch derived lubricating base oils have a
4i mBxamphodck vol atility, 3 pour point, and ki nematic
gi scosity at 100 degrees C to conventional Goup | 4
and G oup 11 Light Neutral oils. The Fischer-Tropsch
Ger iThe grdpetdisscd thengblicedieg bas®oilsof@kamplesi2aure? aoshaksn

71 <A gB¥ 5 s e el R Pl PG RSB EoBmeroiety,
8 Esasipble fetrouliideiver zokeationa@rooe | ahd Greet Il highSAEtral

300 1 40 grade.vi,scasjty definitions 11 was
#or%ﬁfe%aa Fi7eguy ﬁ%é\'?i}éntbe?%se oil of this
fonvention. The lubricating 12 base oil contained 12
1

i ght percent FTBO-2.5 wit 8 i ght percent 13
& dahg "

evronTexaco 220R. This ba was used to prepare

th¢ autonotive [dhengnhTexaesl shpvBasielowsulF Tabl eebon
100R Solvent 100 Coast Americas
‘ H.P. 100 Core 100

AP| Base Oil I ! I f
Category

(AP1 1509 E.1.3)

D-6352 Simulated

TBP (WT%), °F

TBP @5 412 647
TBP @10 443 672
TBP @20 449 703

L TBP @30 455 725
TBP @50 472 761
TBP @70 489 796
TBP @90 516 839
TBP @95 530 858
TBP @99.5 576 : 907
Boiling Range 118 211
Distribution {5-95)

Viscosity at 40°C 20.4 204 20.7 20.2
Viscosity at 4.1 4.1 4.1 4.04
100°C

Viscosity Index 102 97 o7 95
Pour Point, °C ~14 -18 -15 -19
CCS at -25°C, cP 1450 1430 1550 1513
CCS at -35°C, cP >3000 >3000 >3000 >3000
Noack Volatility, 26 29 25.5 29.3
wi%

12
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15 16 Table 6 Engine Ol SAE Viscosity Grade | OM40
Viscosity at 40C 92.68 Viscosity at 100C 13. 98
Vi scosity Index 154 CCS -25C 4,749 TGA Noack, w. %

HTHS, cP 3.75 Gelation Index
@Sﬁg""g‘)g’ﬁzé Time to 1 L 02/100 g oi |, Hrs. %%“'%53"”35‘.’?"‘93
18 It shoul d be noted that the blended engine oil was

'ﬁcb %naﬁﬁ%%éhdmt%w%%shﬁﬁé}e@mfﬁ%%'aﬂon

dex I catl ons rem um aut onoti ve
%ngFlﬁ@hemepsmeieemgd Inlbn@ﬂtingdvlase) otfelavést sietledNeackaldiaifity,

Xi 3

B B b hBdineshac b et TH8HRGeeR & BsMloflonat Grap !
6f adGusp ibkighNadkl ditsy The FisChédBrepsphadarived RRGcALIR) base

a 2004/ 046

BB B it PEERRT Bt ey B e Eson
§ G dsgosity haartbe Eomentiéhal bjght NebitBodup |) 2 to form
}vvo | ubricating base oil blends as shown in Table 7. 3
4 Table 7 Blend 5 Blend 6 Conposition 20%
FTBEXanBledD% 20% FTBO- 2. 2/ 80% Exxon ChevronTexaco

OOR Europe HN Viscosity at 40C 51.63 52.88 Viscosity
t 1000 7.666 7.915 VI 113 117 CCS -25 C 8,609 6, 780

1® A crankcase engine oil meeting SAE J300 10W-40 grade viscosity definitions
11 was formulated with a lubricating base oil of this invention. The lubricating

12 base oil contained 12 weight percent FTBO-2.5 with 88 weight percent

13 ChevronTexaco 220R. This base oil was used to prepare the automotive

14 engine oil shown below in Table 6.

15
- 16 Table 6
Engine Oil
SAE Viscosity Grade 10W-40
Viscosity at 40°C 92.68
Viscosity at 100°C 13.98
Viscosity Index ) 154
CCS @ -25C ' 4,749
| TGA Noack, wt. % loss 15.41

HTHS, cP 3.75
Gelation [ndex 4.5
QOxidator B, Time to 1L 02/100 g oil, Hrs. 30.75

17

18 It should be noted that the blended engine oil was able to meet viscosity,

19 CCS, HTHS, and Gelation Index Specifications for a premium automotive
20  engine oil. The engine oil also demonstrated excellent oxidation stability.

21

22 Example 6

23 ‘

24 AFischer-Tropsch distillate fraction having a viscosity of 2.2 ¢St at

25 100 degrees C (designated FTBO-2.2) was blended with Heavy Neutral
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6 Each blend was fornulated into an engine oil neeting
the specifications for 7 15W30 and 15W40 by
bl ending in an additive package. A viscosity nodifier

d only the I 5W40 blends. No vis '
%}‘éﬁ?@o@é}gﬁas added to either 9 15W30 bl eng&s%zéom‘?’ms
properties of the finished |ubricants are shown in

5 gtionafloidyrd B die” G Bt Bl A8 E bR ¥ GRS
b diofforer wdnleriqatieg bade didendsmassbown inNTabld@C 77. 91
06.5 78.72 106.5 Vis 100C 10.55 14.22 10.76 14.21

| 120 134 123 136 Pour Point, C-32 -33 -35 -35 CCS
420 7000 6,924 5,752 5,773 Taiédtion Index 4.7 5.6 3.8

A AHFHS 3274043364 H2 —FCANoapk 15-—17=35 47
14122 14 04— 12 13 |+ wiHeNdS o L3 )
wahCPBPATI ed t o |medP?a B tfq cat iQQF{%'ETg@ 'é{@% Exxon
é?n'cit 3 : Rt enoted..%gﬂ&-h———
spp¥iseositiat 30¢ or 15w 30 WOPBout thel additiod -8 a 18
vic¥osity nodifier] 17 - 3110 2004/ 046281 117
PCIEC8 627 633493 | 1 ExanpBd7 2 3 [FTBO 2. 5 G

bl ended in various proportions with three different 4

g . el . aldi
SOTENGRRLLY cH LN or bSI ltr
Dr oW 30end TEME4D by plentling i1 arf addltBe packagen Abisaghity rsoditisr

§ S PBE b PhRAC RSP BT AT b
Bl etV SORilevid The BtopadieBlotthd filkskertlubricants are shown in Table 8.
10

D
D

e

11 Table 8
Blend 5 Blend 5 Blend 6 Blend 6

Grade 15W-30 15W-40 15W-30 15W-40
Viscosity Modifier None present None present
Vis @ 40°C 77.91 106.5 78.72 106.5
Vis @ 100°C 10.55 14.22 10.76 14.21
Vi 120 134 123 136
Pour Point, °C -32 -33 -35 -35
CCS @ -20 7000 6,924 5,752 5,773
Gelation Index 4.7 5.6 3.8 4
HTHS 3.27 4.01 3.36 4.02
TGA Noack 15.12 15.47 14.72 14.94

12 ' :

13 It will be noted that each blend was formulated to meet the specifications for
14 15W-30 and 15W-40. It should also be noted that both blend 5 and Blend 6
15  were able to meet the VI specification for 15W-30 without the addition of a
16  viscosity modifier. |

17
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ID 10 11 12 FTBO- 2.5 (wt.

Chevron 150 BS 70 60

(W. %75 40

3 11.8 9.011 VI

Pour

(Wt .

| KC BS wt .
| NSPECTI ONS Vi scosity @40C 88.83 28.73

7.19 2620 92.04 56.52 Viscosity@ 100C 12,07 5 81
¥p i 16 15D 150 166 Ta4usthoses

Point C-14 -18 -21 -23 -9 -11 CCS -25 C 14, 822

% 30 60 25 60 30 40

% 70 40 Da in BS

, 601 8 1,177 20,543 7,877 TGA Noack 15.40 31.65
1 Edaiplp

15.99 21.10 Sinulated TBP by D- 2887

F TBP @.5 609 604 610 603 609 607 TBP @ 639

20
o HE055 s dlendad inyip

TBP 10
RERE)

640

66§ioxﬂ%wi

Ehyes ey

659
954

£ 90cEentianblly 48R4 rigfPstddis ta §iblt sik Qiffereht BRAds. TBRCIDBlend
%050 766 ,105 7%{8 102
05429 3AVZsfder BoPoRe
8 144nd. 8 Pprdpetfioslérdich blbhd hitdshowiBR TeBield Belol44 1189
1113 1149 1145 TBP 95 1200 1177 1215 1153 1175 1175

BP @9.5 1243 1234 1264 1211 1224 1223 10 -32 WD

{5

PLIFI59 FIGH 2o 2HORE g0

2004/ 046281 PCT/ 1JS2003/ 033¢kghde 91 WHAT IS CLAIMED | S:
produci ng a |ubricating base oil

3 1. A process for

lends which comprises: 4
Description/Blend [ Blend 7 | Blend 8 |Blend 9 |Blend |{Blend |Blend
1D 10 11 12
FTBO-2.5 (wt. %) 30 60 25 60 30 40
Chevron 150 BS 70 60
(wt. %)
IKCBS (wt. %) 70 40
Daging BS (wt. %) 75 40
INSPECTIONS
Viscosity @ 40°C 88.83 28.73 77.19 26.20 92.04 56.52
| Viscosity @ 100°C 12.07 5.81 11.96 5.683 11.8 9.011
\'! 129 | 150 150 166 119 129
Pour Point °C -14 -18 -21 -23 -9 -11
CCS @ -25°C 14,822 | 1,601 3,009 1,177 | 20,543 | 7,877
TGA Noack 1540 | 31.65 14.32 31.98- | 1599 | 21.10
Simulated TBP by
D-2887 (wt. %), °F
TBP @0.5 609 604 610 603 609 607
TBP @5 639 624 646 622 639 | 634
TBP @10 668 640 680 636 669 659
TBP @20 729 670 756 664 731 709
TBP @30 794 699 954 690 800 761
TBP @40 0982 733 1014 720 977 826
TBP @50 1050 766 1052 750 1023 1002
TBP @60 1084 802 1083 782 1055 1043
TBP @70 1112 1012 1114 829 1081 1073
TBP @80 1141 1090 1149 1048 1111 1105
TBP @920 1175 1144 1189 1113 1149 1145
TBP @95 1200 1177 1215 1153 1175 1175
TBP @99.5 1243 1234 1264 1211 1224 1223
10 '
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5 (a) recovering a Fischer-Tropsch derived distillate
fraction 6 characterized by a viscosity of about 2 cSt
or greater but less 7 than 3 cSt at 100 degrees C

8 0 (b) bl ending the Fischer-Tropsch rived
%pgf'"ﬁfof‘/gﬁ?le fraction with a 10 petrol eum der?@g&sz@og&a&sm
oil selected fromthe group consisting of 11 a G oup

I@CLAai PP Il base oil, a Goup Il base oil,

1 :
an f two or nore of any of the
4 or egoi ng conventional 13 base oils in the proper

Pharact df PobRsEPRGFR 2PEERI] deffonds e o s

45 greater at 100 degrees C. 16 17 2. The process of

laiml erej j = T | istillate

5 tracifbn Feva M LEREREoRRARE AR IRRS Bhakh L7
&St at 19 106hategeszs WY a vidéhsRE oBabdlih@ o9t ocgestenbut less

laimI| whergin Fi er-Trapsch derived distillate
f22 fraction i antcenc%?i&%?q{e?%g’ %’é& ol eum deri ved base
®il in such 23 proportion that the |ubricating base

il ble coppri,ses. fr.om ahout 24 10 0 .

L ght - B coRBRiRE e FitheitBibsof A iiad dutaBipcion win o
1Cd: stil |3a£\;‘ a_étrdkétﬁﬁﬂle:medht%e _Igﬂ'éelécthe'ﬂgﬁ)npﬂ@ggﬁ'ﬁgip OC_Sr?slisting of
claim erein t i scher-Tropsch deriye istillate
1581 ot | on AOTBYRLRRS Uk £ Frobm LBt oha oap ThBate of phd

14 n such pr opamiikiars of Ao bhRord Hleany@f tidBrdgdit@tconventional
di stribution of t,Ge ubricating base oil blend.i % g’o
TYreat er t hanP3HCIgYNESLORST PEIRREERN (OrREO% 19663 Wbricating pase
1405 percent  gilblead BhsradtsrirRPSAthd vistwdity bf sBdut FRih o
D- 6352 or its e&gl val ent. -33 WD 2004/ 046281
19cT1 US2003/ 082S at 10Gdegrpes br ocess of clai m 3 wherein
1¢ he Fi scher-Tropsch derived distillate 2 fraction is
- Dblended _with a heavy neutral base oil _in such o
1%r opor t i858 Areeass oBclpine1 BhpIsimiperdseher-dropseh Betivesiigilate
1g.ne | UDHiaEAt A PFREAY boloBRGLLS: 40 87l 217 odh dehan 350
degrees F between the percent and 95 percent points

1%s 5 ned90dearasy Ganal ytical nmethod D-6352 or its
oEquivalent. 6

21 3. The process of claim 1 wherein the Fischer-Tropsch derived distillate
22 fraction is blended with the petroleum derived base il in such

23 proportion that the [ubricating base oil blend comprises from about
24 10 to about 80 weight percent of the Fischer-Tropsch derived distillate
25 fraction.

26

27 4, The process of claim 3 wherein the Fischer-Tropsch derived distillate
28 fraction is blended with a mediﬁm neutral base oil in such proportion
29 that the boiling range distribution of the lubricating base oil blend is
30 greater than 250 degrees F befween the 5 percent and 95 percent
31 points as measured by analytical method D-6352 or its equivalent.
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7 6. The process of claim| wherein the petrol eum
derived base oil is 8 blended in such proportion that
the lubricating base oil blend conprises 9 from about
20 to about 90 wei ght percent of the petroleumderiy
Yg’zﬁ%éoé&gh 11 12 7. The process of clai n’F‘%lJ /\[7(??8?3@3%3
the TGA Noack volatility of the 13 lubricating base
ilgble Lot . .
T “ﬁ1é gé&%@f@?ﬂ%%@%ﬁeﬁa Pﬁ?dt:l'%tﬂt’r{_%r fi&Bliyed diriiR
Zol ati | |ftay:tlor1i istthended withier iegay insytraldsee ofl in gilcbrpdopastion that
greater tﬁ?@glll 9{?%% Ei%t &‘i‘Bf ril&ﬁggthq Belse lﬁendngreater

process O | nc onal
4ddi ng tiban B0 da@edah betmenrﬁi@e baeeeot anda%nercamt Hodds es

e 240 ELAS L oPLANAES AcfbATORES o3 dubEichent . 21

2 10. ricati havimng a vi scosity
of about 3 cSt or greater 23 at 100 degrees C

DorRent Tihuftooss s b, | WAELAR i petidichfh BRRM 138 WfON

& scher -blerajed dmn s propattich it thedtisichtieg basnoiend comprises

haracteriz Vi S a
1 s grors Bbaihnt Sh&t 8Dy efEfLir e el RlingleRR

1 b) frorbaab@ilt 20 to about 90 wei ght percent based
1)E;pon the total 31 blend of a petrol eum derived base
selected fromthe group 32 consisting of a G oup

1:12 08%?84@13 r@ce@lsgngggkﬂ }I g.g%?gugtHe,lTGA Wo@upvd»lhﬂmty SAhY\O
as
187 ot ur & Igarcelich bRsSUhleIGt S ik thah SRl g msiat RErcoat

14onventional base oils. 3 4 11. The lubricating base
oi | _blend of clai [

rei.n the Fischer-Trops 5
1¥erfved waesququsaPécfﬁ%Ew%SFP'%H? %l‘@@ﬁ’é"?@t“g@? €n
1@bout 2. |goRtngbasellblerf i8grokiét tHRYEB&SR 1€-welght percent.

17

18 9. The process of claim 1 including the additional step of adding to the

19 Jubricating base oil blend at least one additive to produce a finished
20 lubricant.

21

22 10. A lubricating base oil blend having a viscosity of about 3 ¢St or greater
23 at 100 degrees C comprising

24

25 (a) from about 10 to about 80 weight percent based upon the total
26 blend of a Fischer-Tropsch derived distillate fraction

27 characterized by a viscosity of about 2 ¢St or greater but less
28 than 3 cSt at 100 degrees C; and

29

30 (b)  from about 20 to about 90 weight percent based upon the total
31 blend of a petroleum derived base oil selected from the group
32 _ consisting of a Group | base oil, a Group Hl base oil, a Group I}
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8 12. The lubricating base oil blend of claim10
wherein the TGA Noack 9 volatility is |less than about
45 wei ght percent. 10 11 13. The lubricating base oil
I claim 12 wherein the TGA Noack 1 L)1t
ﬁgggg“%’é’%{z%‘r t han about 12 wei ght percent. 1%"%&03}.0&34%
The lubricating base oil of claim10 wherein the pour

point is no re. - 7 ;

1The | ubricati nséja ”agsﬂgd %W%ﬁeﬁé\g %g F E\%Z?%afé%%%rfgg%oﬂge

2 is 100 orconiBntygmeblase.olig9 20 16. The lubricating
ase oil blend of claim10 wherein the oxidator BN

1. value is at least 15 hours. 22 23 17. The
4 ubt1.catThedutivasingdidseoil dfehdaff ctdirailtvilGrein éreefincherd ropsch -

xi dator, BN ' 24 val.e .| I . r .

he | ubldleg\éefq ?2@“”8%3@368%”? h%% ay %%%%Ityc %SP ?néfﬁ%jo\%ﬁgrz eal%'gl ’%ﬁéﬁt
goi | i ng at aD@eegréds @i stribution is greater than 250
7olegrees F between the 5 percent and 28 95 percent

poi nts as neasured by anal ytical nethod D 6352 or its
29 QUi ik ubricaity badé ol Blenthed claimrii0ostidreig tHsBGAMNdack

bl end of claim 18 erei he .bqi |l i ng,range 32
Yistri deﬁaglﬁy?Ss'eﬁsrth? @EO‘HE%HN%*% p&é@‘%&es F between the
1(b percent and -35 WO 2004/046281 PCT/ US2003/033493 1
95 percent pojnts as ure al yti.cal d
1 6B Tho Bl o Bt o 38 Bl P 6k
jbase oi hollippi @batef iaMabButdTereight fdeerttoi | i ng range

5 distribution i1s greater than 450 degrees F between
1% he 5 percent and 6 95 percent points as neasured by

18N Y 1 Gk 10BHCERTY FasB IR Df Bfairh 4O whesiN ined st boint B no more

15 than -12 degrees C.

16

17 15.  The lubricating base oit blend of claim 10 wherein the Vi is 100 or
18 greater.

19 .

20 16. The lubricating base oil blend of claim 10 wherein the oxidator BN
21. value is at least 15 hours. '
22

23 17. The lubricating base oil blend of claim 16 wherein the oxidator BN
24 value is at least 30 hours.

25

26 18. The lubricating base oil blend of claim 10 wherein the boiling range
27 distribution is greater than 250 degrees F between the 5 percent and
28 95 percent points as measured by analytical method D-6352 or its
'29 equivalent.

30

31 19. The lubricating base oil blend of claim 18 wherein the boiling range
32 ~ distribution is greater than 350 degrees F between the 5 percentand .
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9 21. Afinished lubricant conprising: 10 11 (a) a

I ubricating base oil blend which conprises from about
10 to 12 about 80 wei ght percent of a Fischer-Tropsch

I [stillate 13 fraction characteriz

%328%42@?251 of about 2 cSt or greater but 14§$13€%20?%Y?§ﬁ93
3 ¢cSt at 100 degrees C and from about 20 to about 15
0 weig . ; ;i i .
Lol eot ot PEGER Bhinfy afiyBEhe By ahalpha A Trodhs op s
Pase oi lequiva@nbup || base oil, a 17 Goup IIl base
il, and a mxture of two or nore of any of the 18

or egoi ng conventional base oils; and 19 20 (b) at
fieag0. onEheddblidating base2dil @en@ f cldiel (f wihirsindbe baiting cange

f claim.21 ich | [ta a 2

i - oragotBhicalsBist PR bos): BefRed ineg pgroont and
6i ni shed3 pedycerd pointsods mkasured By ahalgticalmetreodth63SA0T its
300, 26 June, 2001 specifications for a 10W grade

ngi ne ofquiv * 28 24. The finished lubricant of claim
21 which is suitable for use as a 29 nono-grade

§" 2% CSR 80U Goant cormprising:

10

11 (a)  alubricating base oil blend which comprises from about 10 to
12 about 80 weight percent of a Fischer-Tropsch derived distillate
13 fraction characterized by a viscosity of about 2 ¢St or greater but
14 less than 3 ¢St at 100 degrees C and from about 20 to about
15 90 weight percent of a petroleum derived base oil selected from
16 the group consisting of a Group | base oil, a Group 1l base oil, a
17 Group 1l base oil, and a mixture of two or more of any of the

18 foregoing conventional base oils; and

19

20 (b) alleast one additive.

21

22 22. Thefinished lubricant of claim 21 which is suitable for use as a

23 multi-grade crankcase engine oil.

24

25 23, The finished lubricant of claim 22 which meets the SAE J300,

26 June 2001 specifications for a 10W grade engine oil.

27

28 24. The finished Jubricant of claim 21 which is suitable for use as a

29 mono-grade crankcase engine oil.
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