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BACKGROUND OF THE INVENTION

[0002]  The relatively pure waxy and paraffinic hydrocarbons synthesized by
the Fischer-Tropsch process, particularly over a cobalt catalyst which maximizes
higher molecular weight hydrocarbon production, are excellent sources of
premium lubricant oils, including heavy lubricant oil. The sulfur, nitrogen and
aromatics content of the waxy hydrocarbons is essentially nil and the raw '
hydrocarbons can therefore be passed to upgrading operations, without prior
hydrogenation treatment. In a Fischer-Tropsch process, the H; and CO in the
synthesis gas feed react in the presence of the hydrocarbon synthesis catalyst to
form waxy hydrocarbons which, when produced over a cobalt catalyst, contain
substantial amounts of waxy, normal paraffinic hydrocarbons boiling in the
lubricant oil range, including the heavy lubricant range of 850°F+ (454°C+).

Fischer-Tropsch wax refers to the waxy hydrocarbon fraction typically removed
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SUMMARY OF THE INVENTION

[0004]  The invention relates to a process for producing a heavy lubricant base
stock, by hydrodewaxing Fischer-Tropsch wax having heavy hydrocarbons
boiling in the heavy lubricant oil'range in multiple (e.g., at least two) stages,
with interstage separation and removal of the lighter material. More generally, a
heavy lubricant base stock is made by (a) producing a synthesis gas from natural
gas, (b) reacting the H;, and CO in the gas in the presence of a cobalt Fischer-
Tropsch catalyst, at reaction conditions effective to synthesize waxy
hydrocarbons boiling in the heavy lubricant oil range, which are hydrodewaxed

it at least two stages, with interstage separation and removal of the lighter
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[0005] By hydrodewaxing is meant the waxy feed and partially dewaxed
heavy lubricant oil fraction are contacted with hydrogen and a hydrodewaxing
catalyst that dewaxes mostly by hydroisomerization, and not by hydrocracking.
This excludes dewaxing catalysts such as ZSM-5, which dewax mostly by
hydrocracking the waxy molecules, particularly a heavy lubricant fraction, to
hydrocarbons boiling below the desired product range. A hydrodewaxing
catalyst comprising a ZSM-48 zeolite (ZSM-48 zeolites herein include EU-2,
EU-11 and ZBM-30 which are structurally equivalent) component and a
hydrogenation component, has been found to be particularly useful in the
process of the invention and is used in at least one, and preferably all of the

hydrodewaxing reaction stages. By heavy lubricant fraction is meant
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comprise at least one Group VIII metal and preferably at least one noble metal

as in platinum and palladium. The use of at least two reaction stages and a
hydrodewaxing catalyst that dewaxes mostly by isomerization (e.g., a ZSM-48
component and a noble metal component), has been found to produce heavy
lubricant base stocks, having acceptably low cloud and pour points, with
relatively high product yield (e.g., with relatively low feed conversion to
hydrocarbons boiling below the heavy lubricating oil range). Using only one
hydroisomerization reaction stage, even with a hydrodewaxing catalyst
comprising a ZSM-48 zeolite component and a noble metal hydrogenation
component, has been found to convert substantially more of the heavy fraction,

to lower boiling hydrocarbons and thereby produces less of the desirable heavy

lubricant base stock oil. The multiple stage hydroisomerization process of the
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DETAILED DESCRIPTION

[0008] The hydrodewaxing process of the invention is described above as
comprising at least two hydrodewaxing stages. The raw Fischer-Tropsch wax
feed produced by a cobalt catalyst and preferably a non-shifting cobalt catalyst,
need not be treated to remove aromatics, unsaturates or heteroatoms (including
oxygenates), before it is passed into the first hydrodewaxing stage. This wax or
waxy, Fischer-Tropsch synthesized hydrocarbons (these terms are used
synonymously herein) is hydrodewaxed in a first stage, to produce an isomerate
effluent comprising a partially dewaxed heavy lubricant oil fraction, and a lower

boiling hydrocarbon fraction. This partially dewaxed heavy lubricant oil, which
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necessarily, refers to a separate hydrodewaxing reactor. A heavy lubricant base
stock produced by this process is typically dehazed and/or hydrofinished at mild
conditions, to improve color and stability, to form a finished lubricant base
stock. As is known, haze is cloudiness or a lack of clarity, and is an appearance
factor. Dehazing is typically achieved by either catalytic or absorptive methods
to remove those constituents that result in haziness. Hydrofinishing is a very
mild, relatively cold hydrogenating process, which employs a catalyst, hydrogen
and mild reaction conditions to remove trace amounts of heteroatom compounds,
aromatics and olefins, to improve oxidation stability and color. Hydrofinishing
reaction conditions include a temperature of from 302 to 662°F (150 to 350°C)

and preferably from 302 to 550°F (150 to 288°C), a total pressure of from 400 to
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[0009] In the practice of the invention, the interstage separation during
hydrodewaxing may not be exact and, as a consequence, the separated heavy
fraction passed into the next hydrodewaxing stage may contain minor (e.g., less
than 50, preferably less than 25 and more preferably less than 5 wt. %) amounts
of lower boiling hydrocarbons. It is preferred that, after the first stage, the
amount of lower boiling hydrocarbons remaining in the separated heavy fraction
passed into the second any successive stages be as low as possible. This will be
determined by the type of separation used (e.g., flashing or fractionation) and the
requirements of the process. In each stage, a portion of the heavy lubricant
fraction is lost due to conversion into hydrocarbons boiling below the heavy
lubricant boiling range. However, and as shown in the examples below, the

combination of the multi-stage hydrodewaxing process of the invention and the



[0009] In the practice of the invention, the
i nterstage separation during hydrodewaxi ng may not be
wex@en3Emtl, as a consequence, the separated hek@lUS2003/028334

fraction passed into the next hydrodewaxi ng stage nay

contain mnor (e.g., less than 50, preferably |ess

than 25 and nore preferably legs than 5 w. % anounts

of | ower boiling hydrocarbons. It is preferred that,

after the first stage, the am)unt of | ower boiling
dro ar.bons. r emai ni % in. the ar at ed heavy fraction

ARvaxingLatalyss rrawl%a rdfzenlig sempengat ansla

B ROaBIohble B MdebacRin BN sl R igple
tnmncaﬁmsg emmﬁpa@éd tdheRise G hly hRifAe Btagk age, a

portion of t he heavy | ubri cant fractl on 1 ost due
to conversion into hydrocarbons boiling below the

(L o3 BedrodPomiintireaciiohshe RoWGR b lou points axe lowered,
{
e, BE T idLgde ﬁ?ﬁ%@&%ﬁ%ﬁ%@@%\%@fgﬁﬁh}ﬁ@eElfﬂo?al”mgfecules-

dAalhangly tieaisaésizat ST doxidaeted lﬁ%i’bsde%cé ?F¢ g en, there is not
conponent and a preferably noble netal hydr ena I ng

en cmnsumpzl@n in haimirely] mainleazaﬂmbreacamtl g?gjlst?@and
d t. f nI ngl e stage 0] n
%ﬁw&%&& FeadchPosininergtisbosn foni ddopir hoding
- —ﬁ}{{;ﬁjrb&}ﬁ% g _the hi
l"ecul ar vveslﬁ‘mﬁl{l hy (HSJ%I %ﬁr&%ﬁﬁﬁé% green Ay &’ﬁxm%reacnon

| @miditi drEsadhployed if tesh dfithe iBeeRion iAkluay %f&g'%uve
there is not net hydrogen consunption in a pur

i temperature, ihydrogsaquartial pressues sndigpacendtloditynbtoadly ranging from

S‘ﬁ@a S O 90 D2 0P rgn (o8- 440, kBe L andi,1- 50 LHS V.
@?tcpggg{ogsfv?ffltﬁlgféa%ént%gauﬂaﬁf IR SRS PR 6B 71°0), 100-

i m‘mq@g a(ssesss@@tkpae) anll TRSIRL ISV, WiH raqﬁeﬁui;@bf f3kn 200-700
pressure and space velocity broadl’y ranging from

45@79%27(@3211399@1;%10 2,000 psig. (69-13790 kPa),
and 0.1-5.0 LHSV. These conditions will nore
generally range from 500- 700F (260-371C), 100-

[0011] A heavy lubricant base stock of the invention comprises a dewaxed oil

having a kinematic viscosity at 100°C of at least 8 cSt (centistokes), an initial
boiling point in the range of at least about 850-950°F(454-510°C)), with an end
boiling point greater than 1,000°F (538°C) and typically greater than 1050°F
(566°C). Tt has low temperature properties able to meet target specifications or
requirements. Its pour and cloud points are lower than those of the heavy
lubricant oil fraction in the wax feed and in any hydrodewaxing stages upstream
of the last stage. The pour point is lower than the cloud point. A heavy
lubricant base stock will typically be a clear and bright oily liquid at room
temperature and pressure conditions of 75°F (24°C) and one atmosphere (101
kPa) pressure. However, in some cases the cloud point may be higher than 75°F

(24°C). A heavy lubricant base stock having an end boiling point above
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£ $R00F @701, vrspeethis JRBl ond pouEIGHeh C anda3 1°C, has
cloud.pojnts.are.lo t han t hose of the .
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PCT/ US2003/ 02833 -9 1,250F (677C), wth respective
c hmodntofatdeast oneiadtiivef or] aaeadypiddlly, dnaslditiveepackagde
accordi.ng to the invention._ Low tenperature property
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prepar.ed.hy. formng a mxture o e heavy._ | ubrjcant
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" appracasarand séabikityt i oxi dant, an antiwear additive, an

extrene pressure additive, a pour point depressant, a
Vi

[0012] The waxy feed or wax fed into the first hydrodewaxing stage

comprises all or a portion of the waxy hydrocarbon fraction produced in a
Fischer-Tropsch hydrocarbon synthesis reactor, which is liquid at the reaction |
conditions. It must contain hydrocarbons boiling above 1000°F (538°C) to
produce the heavy lubricant base stock composition of the invention. It is
known that in a Fischer-Tropsch hydrocarbon synthesis process, liquid and
gaseous hydrocarbon products are formed by contacting a synthesis gas
comprising a mixture of H and CO with a Fischer-Tropsch catalyst, in which the
H; and CO react to form hydrocarbons under shifting or non-shifting conditions
and, in the process of the invention, under non-shifting conditions in which little
or no, and preferably no water gas shift reaction occurs, particularly when the

catalytic metal comprises Co. The synthesis gas typically contains less than 0.1



i nprover, a friction nodifier, a demulsifier, an

antioxi dant, an antifoamant, a corrosion inhibitor,
wapa4a3senl swell control additive. The heavy PCbhUR20831028334

base stock used in formng the mxture is typically

one that has been mldly hydrofinished and optionally

dehazed after hydrodewaxing, ta inprove its color,

appearance and stability. [001 The waxy feed or wax

fed into the first hydrodewaxi ng stage conprisesdalld

or a portion of the waxy hydrocarbon fraction produce
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NRE; RAI N4, 1Y) Zo1di Ui M and D9 on £siliRbIOiRrEaRc ¥l #Sﬁ material,

i nvention, under non-shifting COHC}I tions Tn \Nhlg

| preférablyosnenwhichrubngprédes roablor merewafrattog@ snethl d:tides. Preferred

reaction, occurs, particularly when the catal f/ti c
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O3 FOBEEIArOCTHOY ST IPETsS D pTRich bighermplecular
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f eatalystsemidrtbein iprepagation areckrowi aind flhawasyet hiesiohli@ssin
down to these very |ow |l evels are known and discl osed -

i gxamples maxrhn ound, r example.dn d).8snatents; 4,568,663 74:663,305;
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D B sy AP p AR fcufentl A e
Nuteraturel. dnarl of thesd pluicesses thg syrthesisipavistreasteéin dhe presence of
pref.erably one_which conprises one or nore refractory
rRefuifa g(‘fbp@ggr-ﬁ(g;sgh,tmp of hydrocarbon synthesis catalyst, at reaction

conditions effective to form hydrocarbons. Some of these hydrocarbons will be

liquid, some solid (e.g., wax) and some gas at standard room temperature
conditions of temperature and pressure of 25°C and one atmosphere (101 kPa)
pressure. Slurry Fischer-Tropsch hydrocarbon synthesis processes are often
preferred, because when a cobalt catalyst, and preferably a non-shifting cobalt
catalyst is used, they are able to produce more of the relatively high molecular
weight, paraffinic hydrocarbons useful for lubricant and heavy lubricant base
stocks. In order to achieve this, the synthesis reactor is operated under
conditions to produce at least 14 pounds of 700°F+ (371°C) hydrocarbons per -
100 pounds of CO converted to hydrocarbons and preferably at least 20 pounds
of 700°F+ (371°C) hydrocarbons for every 100 pounds of CO converted to

hydrocarbons. Preferably less than 10 pounds of methane are formed for every |



supports for Co containing catalysts conprise titania,
particularly when enploying a slurry hydrocarbon
w@hesds process in Wi ch higher nol ecul ar  »eT/gk1003/028334

nostly paraffinic |iquid hydrocarbon products are

desired. Useful catalysts and their preparation are
known and illustrative, but nofjlimting exanples nmay

be found, for exanple, in U S patents 4,568, 663;

4,663, 305; 4,542,122; 4,621,072 and 5, 545, 674. Fi xed
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catal yst, at reaction conditions effective to form
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and pressure of 25C and one atnosphere (101 kPa)
pressure. Slurry Fischer-Tropsch hydrocarbon synthesis

p[09A8} s e In arteydedéaabon esik ploceRs andict¥dendé HaRRifting
catal yst, and preferably a non-shifting cobalt ’

ceanlityens with sseabalttdatalysty theamble rasiomfdbie &b todi@ infthe synthesis
| at i hi gh nol ecul ar. wei ght .. f f i, .
e Xty B RiRonehinschsdmptioR el 40y5 whichds typically
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RS 221 0 e SYRIRSHas BrIEY § riitle P 1 STCORR fhssed into

| theatackdr (injeottsl afbub®lddrup 3tdEhe bytdomcarthe @ﬁlrl%ebod%ﬁpa slurry
pounds of CO converted to hydrocarbons and preferably

atyntlaesis reactop) im ahicly therp end CEF 1e@ct hy thequasdnseofithe Fischer-
o BRI, S BN, S8R e
e EORLOTSIRE SRR A and i
hycomporiser the rhy dpscadbet slarry! legiet $n haharp esitt@ghiey sty réactor,
slurry _hydrocarbon synthesis reactor, wusing a
cthe syhhesirad hydrogarbaaliquidis senseated dopaithe catalyshpanticles as
?@lgﬁg?e hiz]ﬁa@aerz]nipgggc uﬁgﬁ%l%&?@géﬁhgﬁgﬂ %ﬂiesrhsie{)griaggn irr“?eans can
be used. Some of the synthesized hydrocarbons are vapor and pass out of the
hydrocarbon synthesis reactor as overhead gas, along with unreacted synthesis
gas and gaseous reaction products. Some of these overhead hydrocarbon vapors.
are typically condensed to liquid and combined with the hydrocarbon liquid
filtrate. Thus, the initial boiling point of the synthesized hydrocarbons removed
from the reactor as liquid will vary depending on whether or not some of the
condensed hydrocarbon vapors have been combined with it. Hydrocarbon
synthesis process conditions vary somewhat depending on the catalyst, reactor
and desired products. Typical conditions effective to form hydrocarbons
comprising mostly Cs, paraffins, (e.g., Cs+-Caoo) and preferably C,,, paraffins, in
a fixed bed or slurry hydrocarbon synthesis process employing a catalyst

comprising a supported cobalt component include, for example, temperatures,



preferably less than 1 wt. % of the carbon in the feed
COis converted to CO2. [0013] In a hydrocarbon

W@ 008395 process conducted under nonshi fti ngPCT/US2003/028334
conditions with a cobalt catalyst, the nole ratio of
the H2 to COin the synthesis gas is preferably the
stoichionetric consunption nole ratio, which is
typically ---about-14/1. The "4¢nt hesi s gas conpri sing
a mxture of H2 and COis passed into the reactor
(injected or bubbled up into the bottomof the slurry o
efg§sures andshemuly ga%mﬁé@i@mmtbc)ranngompnhahm 3@9 600"F

aPIEAIRE ) onaf BUGRSZS 4157 1R pDPLiRIOO A,
CRELbY G SPBFTVANHR AN Bscols P bh T Ohi i ltoPFe

at the reaction co I ons rnse

t (15.6 9@y, ocamb)grer dour Eyr Volauicdof ¢utalyst, wespectieelgt dnthe practice
a slurry reactor, e synt hesi zed hydrocarbon Iiquid

tbépaveatt@n ﬂxeowaﬂﬁbydmcaﬂgosxs qpavay teed gnay be producsddn a

atio al t hough ot her
ﬁ?‘%ﬁ f‘rﬂﬁ’?‘rﬁ ?daﬂg‘i E’éch ng@ Le45£0% he “synt hesi zed
hydrocar bons are vapor and pass out of the
hydr ocar bon synthesis reactor as overhead gas, along

wWiooh4pnr dapdreidnsofithd ﬁydﬁocaﬂﬁﬂls@dﬂ%&@ddﬁ the 8tdchenTropsch
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synt hesi s process conditions arg sonewhat dependi ng

digaetien eendifigng, aﬂﬁlé’é\]«:@ro% pordion sreamdgneate may, be combined -

hy bons .
e&ﬁb?ﬁg G EREE Ehis Bie iinidoiftad pot e TR 388 will very.
eﬁaﬁ'%b fﬁ%%a f%fafdl st; cc‘nﬂhu@nﬁf %5t ©F cBhd s‘dfé dombined

rocarbon synt esis process enploying a cataly

mlthﬁhesllqgldaefﬂueﬂ@ ahé the déxited prodparsdate. iThis udH,alsfonesultm
exanpl e, tenperatures, WO 2004/ 033595
memmmﬁmzeygmposmrp r Bhgsefitire wadfmetion yelgagedsﬁagethe

Vs%lln sisI r%%cfo? as ﬁ%u{cﬁ (]egg %0 458%-9?26‘1 2§§6C§9) may be fed into the
first hydrodewaxing stage. If desired, some of the hydrocarbons may be

removed from the wax, before it is fed into the first hydrodewaxing stage.
Therefore, in the process of the invention, the wax fed into the first
hydrodewaxing reactor, may or may not boil continuously from its initial boiling
point, up to its end boiling point. Still further, if desired, all, most or only a
portion of the lower boiling material may be removed from the wax prior to
hydrodewaxing. This means that the initial boiling point of the wax feed may
range from about 400-450°F up to'800°F (427°C) or more.

[0015] 1In the illustrative, but nonlimiting examples below, the wax was

produced in a slurry Fischer-Tropsch reactor, containing a rhenium promoted



(160 to 315.6 C), 80-600 psi (552 to 4137 kPa) and
100- 40,000 V/hr/V, expressed as standard vol unes of
W b@4gzssedus CO and H2 m xture (60F (15.6 C), RCHUS£3)003/028334
per hour per volunme of catal yst, respectively. In the
practice of the invention, the waxy hydrocarbons or
wax feed may be produced in a 3sIurry fixed or
flui di zed bed Fischer-Tropsch Feactor. [0014] A
portion of the hydrocarbons synthesized in the
Flscher Tropsch hydrocarbon synthesis_reactor. that
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[0016] A Fischer-Tropsch wax feed and at least two hydrodewaxing reaction
stages, with interstage removal of hydrocarbons boiling below the heavy |
lubricant oil range, are essential features of the invention. A hydrodewaxing
catalyst comprising a hydrogenation component, a solid acid component and a
binder (zeolite catalyst), preferably the hydrogen form, is used in at least one of

the reaction stages.

[0017] Tllustrative, but nonlimiting examples of suitable catalyst components
useful for hydrodewaxing include, for example, ZSM-23, ZSM-35, ZSM-48,
ZSM-57, ZSM-22 also known as theta one or TON, and the silica alumino-
phosphates known as SAPO’s (e.g., SAPO-11, 31 and 41), SSZ-32, zeolite beta,



- 13 cobalt catalyst having a titania support

conponent, had an initial boiling point of between
W@b@un3ke0- 450F (221-232C). Lower boiling naphedEUS2003/028334

hydrocarbons (C5+ up to 430 or 450F) produced by the

synthesis reaction, were not conmbined wth the higher

boiling, liquid reactor effluepi. This wax conprised

nore than 90 wt. % paraffins, with from2-4 wt. %

oxygenat es and 2- 5 w. %olefins, which vary
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of the reaction stages. [00I7

rgivén pidcesgysce tmtpreduced caubé abﬂamsdaéo@hysﬁhcﬂm&n Sfﬂeﬂg without
usef uI for hydrodewaxi ng include, for exanple, ZSM 2
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clays, e.g., bentonite and kaolin. These materials, i 1.e., clays, oxides, etc.,
function, in part, as binders for the catalyst. It is desirable to provide a catalyst
having good crush strenglth since in a petroleum refinery the catalyst is often
subject to rough handling which tends to break the catalyst down into powder-

like materials which cause problems in processing.

[0019]  Naturally occurring clays which can be composited with the solid acid
component include the montmorillonite and kaolin families which include the
sub-bentonites, and the kaolins cominonly known as Dixie, McNamee, Georgia
and Florida clays, or others in which the main mineral constituent is halléysite,

kaolinite, dickite, nacrite or anauxite. Such clays can be used in the raw state as



phosphat es known as SAPO s (e.g., SAPO 11, 31 and 41),
SSZ-32, zeolite beta, W 2004/ 033595 PCT/ US2003/ 028334
WO lob4m8350eni te and rare earth ion exchanged fePCT/E€81008028334

Al so useful are alum na and anorphous silica

alumnas. [0018] As in the case of many other zeolite
catal ysts, it may be desired {%. incorporate the solid
acid conponent with a matrix nmaterial also known as a

bi nder, which is resistant to the tenperatures and
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imGtic¥§on materials and synthetic or naturally
occurring zeolites as well as inorganic materials.
such as clays, silica and/or netal oxides e.g., ,

alumina. The latter nmay he either, naturally. occurin
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embodiment, the ZSM-48 catalyst is used in all of the stages. In this

——

embodiment, the ZSM-48 catalyst is used to hydrodewax the waxy feed which
contains the heavy lubricant fraction and also the heavy lubricant isomerate |
produced in the one or more subsequent stages. The hydrogenation component
will comprise at least one Group VIII metal component and preferably a noble
Group VIII metal component, as in Pt and Pd. Noble metal concentrations will
range from about 0.1-5 wt % of the metal, and more typically from about 0.2-1
wt. %, based on the total catalyst weight, including the ZSM-48 zeolite
component and any binder used in the catalyst composite. The Group VIII
referred to herein refers to Group VIII as found in the Sargent-Welch Periodic
Table of the Elements copyrighted in 1968 by the Sargent-Welch Scientific

Company. Hydrodewaxing experiments conducted with Fischer-Tropsch wax



and Florida clays, or others in which the main m neral
constituent is halloysite, kaolinite, dickite,

WO aoriosEs9dr anauxite. Such clays can be used i PCT/H82003028334
state as WD 2004/ 033595 PCT/ US2003/ 028334 - 15
originally mned or initially subjected to
calcination, acid treatnment ofqgchem cal nodification.
[0020] In addition to the foregoing materials, the
solid acid conponent can be conposited with a porous
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one of the two or nore stages. In a noré preferred
plgent, the ZSM 48 catalyst is used in all of the
stages. In this enbodi nent, the ZSM 48 catal yst is
used to hydrodewax the waxy feed which contains the
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| east one Goup VIII netal conponent and preferably a
noble Goup VIII netal conponent, as in Pt and Pd.

ol0£28] v Bheoprepiatie o4 2SN 1orel EpBracdys ot sofhr

e Gidetent Urd, DRSS 42070, 4Se, 787 R ¥ 7580 ha EP 0 142317,
the disclosures of which are incorporated herein by reference. Other
hydrodewaxing catalysts useful in the practice of the invention, include any of
the well known catalysts that dewax mostly by isomerization and not by
cracking or hydrocracking. Zeolites comprising ten and twelve membered ring
structures are useful as dewaxing catalysts, particularly when combined with a
catalytic metal hydrogenating component. Illustrative, but nonlimiting examples
of suitable zeolites and other catalyst components useful for hydrodewaxing
include, for example, rare earth ion exchanged ferrierite, mordenite, beta
alumina, zeolite beta, ZSM-23, ZSM-35, ZSM-57, ZSM-22 also known as theta
one or TON, and the silica aluminophosphates known as SAPO’s (e.g., SAPO-
11, 31 and 41), and SSZ- 32, Also useful are alumina and amorphous silica

aluminas. However, in experiments using a hydrodewaxing catalyst comprising



conmponent and any binder used in the catalyst
conposite. The Group VIII referred to herein refers

wa 200808355 VI 11 as found in the Sargent-Wlch PeeT/081003/028334
Tabl e of the El ements copyrighted in 1968 by the
Sargent-Wel ch Scientific Conpany. Hydrodewaxi ng
experinments conducted with Figgcher-Tropsch wax WO
2004/ 033595 PCT/ US2003/ 028334 -16 have reveal ed that
the ZSM 48 catal yst is superior to ot hers incI udi ng,
for exanpl »
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vabah@’esﬁter-ﬂ"gc)pmhmmimt tolprpduee thei waxy BYAroRaROPH Which are
eci(ewaxeﬁsby the multi-stage hydrodewaxing process. It is not unusual for natural
gas to comprise as much as 92+ mole % methane, with the remainder primarily
C,. hydrocarbons, nitrogen and CO,. Thus, it is an ideal and relatively clean
fuel for synthesis gas production. The methane has a 2:1 H,:C ratio and is ideal,
for producing a synthesis gas having an H,:CO mole ratio of nominally 2.1:1 by
a combination of partial oxidation and steam reforming. This is the
stoichiometric mole ratio used with a non-shifting cobalt catalyst for
hydrocarbon synthesis. Thus, natural gas is ideal for producing synthesis gas
having the desired stoichiometric 2.1:1 Hy:C mole ratio required when using a
cobalt Fischer-Tropsch hydrocarbon synthesis and preferably one that is non-
shifting. Sulfur and heteroatom compounds are removed from the natural gas,
and in some cases also nitrogen and CO,. The remaining methane-rich gas,

along with oxygen or air and steam, is passed into a synthesis gas generator.
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relative merits may be found, for example, in U.S. patent 5,883,138. The

invention will be further understood with reference to the examples below.
EXAMPLES

[0025]  In the examples below, the Fischer-Tropsch wax feed comprised
either the (i) 430°F+ (232°C+) waxy fraction obtained from a slurry Fischer-
Tropsch reactor, in which the H, and CO were reacted in the presence of a titania
supported cobalt thenium catalyst to form hydrocarbons, most of which were
liquid at the reaction conditions or the (ii) 1000°F+ (538°C+) fraction of the
430°F+ (232°C+) waxy fraction. The synthesis reactor was operating at
conditions to produce at least 14 pounds (6.4 kg) of 700°F+ (371°C+)
hydrocarbons per 100 pounds (45.4 kg) of CO converted to hydrocarbons. The
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examples. It comprised 0.6 wt. % Pt as the hydrogenating component, on a

composite of the hydrogen form of the ZSM-48 zeolite and an alumina binder.
The hydrogen form of the ZSM-48 zeolite was prepared according to the
procedure in U.S. patent 5,075,269, the disclosure of which is incorporated
herein by reference. The Pt component was added by impregnation, followed by
calcining and reduction, using known procedures. Gas chromatograph
distillations (GCD) were conducted using a high temperature GCD method
modification of ASTM D-5307. The column consisted of a single capillary
column with a thin liquid phase, less than 0.2 microns. External standards were
used, consisting of a boiling point calibrant ranging from 5 to 100 carbons. A
temperature programmed injectoi was used and, prior to injection, the samples

were gently warmed using hot water. Boiling ranges were determined using this
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(5100). This neans t hat nl'y the partially

hydr odewaxed 950F+ (510C) isonerate recovered fromthe

as_passed into the second stage of
E‘.@iﬁ.{ld into the second and third

st ages of the three stage process. The boiling point.
di stribution for the waxy feed used in the two and
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100tgF+ (538C+ 26 !0026 The hydrogen treat gas use
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of 1. These reaction conditions were used to achieve a target cloud point of 5°C
for the 1000°F+ (538°C+) heavy lubricant base stock. The results of this run are

shown in Table 1 below.

EXAMPIE 1

[0028] In this example, the 430°F+ (232°C+) waxy feed was hydrodewaxed
by reacting it with hydrogen over the ZSM-48 catalyst described above, to the
same 1000°F+ (538°C+) heavy lubricant base stock cloud point of 5°C in two
stages, according to the practice.of the invention. The waxy feed was
hydrodewaxed in the first stage at 587°F (3 08°C), 250 psig. (1724 kPa) of
hydrogen at a treat rate of 2300 SCF/B of H, and a waxy feed LHSV of 1. The
first stage isomerate was fractionated to separate the 700°F- (371°C-) fraction,
to determine the extent of the 700°F+ (371°C+) feed conversion to lower boiling
material and then further fractionated to separate and recover a 950°F+

(510°C+) heavy oil fraction. The 950°F+ (510°C) heavy oil fraction was ther,



exanples. It conprised 0.6 wt. % Pt as the
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reactTom condi tTons were used to achieveatarge
cl oud point of 5C for the 1000F+ (538C+) heavy

| 0RO antThegs st elearJR G thicSthebehblifs Jftthie Mflti-stage
process, in that at the same 5°C target cloud point, a significant increase in the
amount of the 1000°F+ (538°C+) heavy lubricant base stock was produced
using two stages, as opposed to just a single stage. Using a single stage resulted
in a conversion of 39 wt. % to lower boiling, 700°F- (371°C-) hydrocarbons,
while a total of only 29 % occurred in the multi-stage process of the invention.
Since a lubricant stock cut point is typically about 700°F (e.g., ~ 700°F/371°C +
material), this means that more lighter lubricant boiling hydrocarbons (750-
950°F (399-610°C) boiling range) were also produced by the two stage process
of the invention. Similarly, the total 1000°F+ (538°C+) fraction conversion to
lower boiling, 1000°F- (538°C-) hydrocarbons for the single stage process was
61 %, as opposed to only 52 % using the two stage process of the invention.
Thus, a greater yield of the heavy lubricant base stock at the same target cloud



shown in Table 1 below. EXAMPLE 1 [0028] In this

exanpl e, the 430F+ (232C+) waxy feed was hydrodewaxed
whygoreadsbi ng it with hydrogen over the ZSM 48 PGI/ab3083/028334
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Tenp., ,1Q000F+ (371C+) (538C+) (538C+) Conversion
d&%g' on OF "' C Pour Cloud VI Single Stage 39 61
635/335 -48 5 153 Miltiple 29 52 Stage Stage One 11
19 587/308 26 Stage Two 20 41 614/323 -27 5 155
EXAMPLE 2

This run was identical to that of Example 1, except that the second stage reaction
was conducted at a lower temperature of 610°F (321°C), to reach the 11°C
cloud point for the 1000°F+ (538°C+) product. These results are also shown in

Table 2, as a comparison to the results for the Comparative Exarﬁple 2, single

stage run.
Table 2
700°F+ 1000°F+ | Temp. 1000°F+
(371°C+) | (538°CH) (538°C+)

Conversion | Conversion | °F°C Pour Cioud VI
Single Stage 30 58 630/332 -28 11 148
Multiple 26 48
Stage
Stage One 11 19 587/308 26
Stage Two 17 35 610/321 -19 11 159
[0031]  As was the case for Example 1, in these runs the extent of feed

conversion to 700°F- (371°C-) and 1000°F- (538°C-) boiling hydrocarbons was'
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Table 3
700°F+ 1000°F+ | Temp. 1000°F+
(371°C+) | (538°C+) (538°C+H)
Conversion | Conversion | °F°C Pour Cloud | VI
Single Stage 45 72 640/338 -49 | -2 142
Multiple 39 63
Stage
Stage One 11 19 587/308 26
Stage Two 31 54 620/327 -50 -6 148

[0034]  As was the case for the previous two examples, in this run the extent
of feed conversion to 700°F- (371°C-) and 1000°F- (538°C-) boiling

hydrocarbons was much lower using the multiple stage process of the invention,
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(371C+) (538C+) (538C+) Conversion Conversion F C
worown/0835e01d VI Single Stage 30 58 630/ 332 - 28 RAT/LAR03/028334

Multiple 26 48 Stage Stage One 11 19 587/308 26 Stage

Two 17 35 610/321 -19 11 159 [0031] As was the case

for Exanple 1, in these runs _the extent of feed

conversion to 700F (371C) and 1000F- (538C-) boiling

hydr ocar bons was' WD 2004/ 033595 PCT/ US2003/ 028334
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These results are also shown in Table 3, as a

conparison to the results for the Conparative Exanple
' stage run.

[0035]  The same 430°F+ (232°C+) waxy feed and catalyst used in the
examples above, were used in this example. However, in this example the feed
was hydrodewaxed to a 1000°F+ (538°C+) heavy fraction cloud point of 5°C.in
three' stages, according to the practice of the invention. The wax feed was
hydrodewaxed in the first stage at 587°F (308°C), 259 psig. (1786 kPa) of
hydrogen at a treat rate of 2300 SCF/b H; and a waxy feed LHSV of 1. The treat
gas, treat gas rate and space velocity of the feed were the same in all three
stages. The first stage isomerate was fractiohated to separate and remove the
950°F- (610°C-) fraction, with the remaining 950°F+ (610°C-) fraction then
passed into the second stage. In the second stage, the temperature was 607°F
(321°C). After removal of the 950°F- (610°C-) hydrocarbons from the second
stage isomerate, the remaining, further partially dewaxed 950°F+ (610°C+)
fraction was passed into the third stage, in which it was further hydrodewaxed at
a temperature of 600°F (316°C). The third stage isomerate was fractionated to
separate and recover the 1000°F+ (538°C+) heavy lubricant base stock. The
results of this run are shown in Table 4, with the results from the single stage

hydroisomerization of Comparative Example 1 shown for comparison.
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process of the invention, WO 2004/ 033595

PCT/ US2003/ 028334 -24 tha"ﬁalvln:ﬁh only a single stage.
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(&32C+) waxy feed and catal yst [used in fhe exanples
, wera used in this exanplle. However, in this
gtg g he Teeff wag hydigudevvexggﬂg,@ga TO00F+ (H38TH)
hea ractl on _cloud |point of JC t hiee stages,
aBtage Tiwag tjo t hE3 pragti ce2®f tre6017|)&3q9t| on. The wax
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[0036] The amount of the desired 1000°F+ (538°C+) heavy lubricant base
stock product was slightly higher using three stages, than that obtained using two
stages (compare to Example 1 in which the same 1000°F+ (538°C+) heavy
lubricant base stock had the same cloud point of 5°C). The amount of feed
conversion to 700°F- (371°C-) boiling hydrocarbons using three stages, was
about the same as that resulting from using two stages, with both substantially
less than that using only one stage. This further demonstrates the greater amount
of heavy lubricant base stock yields obtained using the multiple stage
hydrodewaxing process of the invention, because the waxy feed to the first stage
contained substantial amounts of 950°F- (610°C-) boiling hydrocarbons. Yet, a
total of only 28 % of the 430°F+ (232°C+) feed hydrocarbons were converted to
700°F- (371°C-) boiling hydrocarbons using three stages, compared to the 39 %
of the 1000°F+ (538°C+) hydrocarbons which were converted to 700°F-
(371°C-) boiling hydrocarbons, using only one stage. Further, the amount of the
valuable 1000°F+ (538°C+) heavy lubricant base stock lost by conversion to
lower boiling hydrocarbons was 61, 29 and 28 wt. % respectively, for the single,

two and three stage processes.



hydrogen at a treat rate of 2300 SCF/ b H2 and a waxy
feed LHSV of 1. The treat gas, treat gas rate and
wG@pmem3dsed ocity of the feed were the sane in aPdT/UR2088028334

stages. The first stage isonmerate was fractionated to
separate and renove the 950F- (610C ) fraction, with

the remaining 950F+ (610G ) fraction then passed into
the second stage. In the secon stage, the tenperature
was 607F (321C). After renoval of the 950F (610C)

hﬁ%ﬁﬁws fromthe second stage isonerate, the
r further partially dewaxed 950F+ (610C+)
fraction was passed into the third stage, in which it
was further hydr odewaxed at a tenperature of 600F

(PUBF) . The sahier 48 3Q§€ 88§ ahd &kl ﬁf%‘é@&jlﬂ the

separate and recover the 10 538C+) hea
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the second stage. In the second stage, the temperature was 607°F (3 19°C).
After removal of the 950°F- (610°C-) hydrocarbons from the second stage
isomerate, the remaining 950°F+ (610°C+) fraction was passed into the third
stage, in which it was further hydrodewaxed at a temperature of 610°F (321°0).
The third stage isomerate was fractionated to separate and recover the 1000°F+
(538°C+) heavy lubricant base stock. The results of this run are shown in Table
5, with the results from the Comparative Example 3 single stage hydrodewaxing

shown for comparison.



| ubri cant base stock had the same cloud point of 5C).

The anount of feed conversion to 700F (371C)
whoiokiossgohydr ocar bons using three stages, was PEDUS1003/028334
the same as that resulting fromusing two stages, with

both substantially |ess than that using only one

stage. This further dennnstra&gs t he greater anount

of heavy | ubricant base stock“yi el ds obtai ned using

t he mul ti pl e stage hydrodewaxi ng process of the

i nvention, because the waxy feed to the first stage

cont ai ned substantial anpbunts of 950F (610C-) boiling-

hydrocarbons. Yet, a tot é nIy 28 % of the 430F+
(232C+) feed hydrocarbons Wer € “converted to 700F-
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V338 R0y, Fwds3hf6l lower using three stages, than that obtamed using only one
stage. The amount of feed conversion to 700°F- (371°C-) boiling hydrocarbons
using three stages, was also substantially less than that which resulted from

using only one stage.



After renoval of the 950F- (610C-) hydrocarbons from
the second stage isonerate, the renmaining 950F+
W@ 8da339F racti on was passed into the third sPELES20031028334
which it was further hydrodewaxed at a tenperature of
610F (321C). The third stage isonerate was
fractionated to separate and rgcover the 1000F+
(538C+) heavy |l ubricant base stock. The results of
this run are shown in Table 5, with the results from

tm.ar ative Exanple 3 single stage hydrodewaxi ng
S r conparison. WO 2004/ 033595 PCT/ US2003/ 028334
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2. Aprocess according to claim 1 wherein said heavy lubricant
base stock has cloud and pour points lower than that of said heavy fraction in

said wax.

3. A process according to claim 1 or claim 2 wherein said heavy

lubricant oil fraction has an initial boiling point of at least 850°F (454°C).

4. A process according to any of the preceding claims wherein |
said heavy lubricant base stock has an initial boiling point in the range of 850-
1000°F (454-538°C).

5. A process according to any of the preceding claims wherein
said partially dewaxed heavy lubricant oil fraction hydrodewaxed in said one or
more successive hydrodewaxing stages comprises less than 25 wt. % lower

boiling hydrocarbons.



-28- CLAIMS: 1. A nultistage process for producing a
heavy | ubricant base stock from Fi scher-Tropsch wax

W@ opi3Bddhg hydrodewaxi ng said wax in a first PCT/US2003/028334
hydr odewaxi ng stage to produce an isonerate conpri sing
a partially dewaxed heavy |ubricant oil fraction,
fol | oned by hydrodewaxing sai thgheavy |ubricant oil
fraction in one or nore successive hydrodewaxi ng
stages, with interstage renoval of hydrocarbons

boi l i ng bel gw sai d heavy | upricant oil fraction, to - .
form said eavg QEeSSAsReTdRS to Ay ekthepreaedingiclpimg veherein

e e e P

I somerization. 2. A process according to claiml

wherein said heavy |lubricant base stock has cl oud and

pour poi nt s7! owArprobess achending tsaylofithevpreteding ichmimisrwherein
sai.d,wax..3..A pyocess ,according.tq. claiml or_claim2_ _ .
whfd é‘ﬁﬁ%&ﬁﬂl%@%w stogk 1scomrbined withhene ermexe lubyicant additives
ifodrﬁllaﬂfﬂriciagg poi nt of at |east 850F (454C). 4. A

process accordi'ng to any of the preceding clains

wherein said heavy |ubricant base stock has an

initial boiling point in the range of 850- 1000F
(454-538C) . 85. A mpoozsssscacing th iy obthempreeddihgelaims wherein

precedin | ai ns, wherei.n said rtially dewaxed hgav

"5 BERRE ot B SrE e SHEHL R Paal el GYOT (366°C)
' kO s conprises |ess

{ icha SHREPIhY fio BYHANRIR S0P (SAROES Bone. v

2004/ 033595 PCT/ US2003/ 028334 -29 6. A process

according to any of the preceding clains wherein said

heavy | ubri 2antAlpaseess ook dirgstobmpnofithe préceding ethims dwherein

optional |l y dehazed. . . . '
Sid c.:ataiys)( comprises a hydrogenating component, a solid acid component, and

a binder.

10. The process of claim 9 wherein said solid acid component is
selected from the group consisting of ZSM-23, ZSM-35, ZSM-48, ZSM-57,
ZSM-22, zeolite beta, mordenite, rare earth ion exchanged ferrierite, alumina,

amorphous silica and mixtures thereof,

11. The process of claim 9 or claim 10 wherein said

hydrogenation component comprises at least one Group VIII metal component.

12. The process of any of claims 9 to 11 wherein said binder is -
selected from the group consisting of zeolites, clays, silica, alumina, metal
oxides, silica-alumina, silica-magnesia, silica-zirconia, silica-thoria, silica-
beryllia, silica-titania, silica-alumina-thoria, silica-alumina, zirconia, silica-

alumina-magnesia, silica-magnesia-zirconia and mixtures thereof.



7. A process according to any of the preceding clains

wherein said heavy |ubricant base stock is conbi ned
WoWwaoh/0833es or nore | ubricant additives to fornP@I/US2003/028334

| ubricant. 8. A process according to any of the

preceding clains wherein said heavy |ubricant base

stock has an end boiling poi nt; above 1050F (566C) and

a cloud point no greater than 95F (24C). 9. A process

according to any of the preceding clains wherein said

catal yst conprises a hydrogenati ng conponent, a solid, i

aci d con”pong}t ,Agwacess aprarding tormy afelainpd@ $e 13fwherein said

cl ai m 9 V\/nereitn sai d s%&%d onponent is selected

PO RRTGOBER QOIS &RIS  7SM 35, ZSM 48,

ZSM 57, ZSM 22, zeolite beta, nordenite, rare earth

i on exchanged ferrierite, alum na, anorphous silica

and mi xt ur e$4.t harprofess htcordieg for amesSclaime I Aitonl9 wiierein Group

claim 10 wherein said hydrogenation conponent

cmrm‘%té]slsa'ﬂtmléaé’@et@he G oup VIII netal conponent.

12. The process of any of clains 9 to 11 wherein said

bi nder is selected fromthe group consisting of

zeolites, chaysp g‘i éés@%cccﬁ*ﬁﬁ? 10%lafie 18 wh@¥if&id noble metal is

silica-alumna, silica-nmagnesia, silica-zirconia,

satl least-onb@fiRt,andiRd.ca- beryllia, silica-titania,

silica-alumna-thoria, silica-alumna, zirconia,

silica- alum na-magnesia, silica-nmagnesia-zirconia and

m xtures thereof. WO 2004/Q33595 PCT/ US200 2833 ..

T30 130" A pHEces PSS PTG e Coany o CIRRDS B 14 43 hepsin in at

vag§tedie Sdatd s@88 §4i8 cRRANRPREMite CORY IR RE cmBaMIBSM-48.

zeolite. 14. A process according to any of clains 11

to 13 wherein Goup WVIII netal is a noble netal. 15.

A process accorgi ng to claim 14 wherein said, ngble .
metal is 17. process comprising (a) producing synthesis gas comprising

a mixture of H; and CO from natural gas, (b) contacting said synthesis gas with a
cobalt Fischer-Tropsch hydrocarbon synthesis catalyst at reaction conditions
effective for said H, and CO to react and form waxy hydrocarbons, including
hydrocarbons boiling in the heavy lubricant oil range, (c) passing at least a
portion of said waxy hydrocarbons to a hydrodewaxing upgrading facility in
which said waxy hydrocarbons are (i) hydrodewaxed in the presence of a
hydrodewaxing catalyst and hydrogen in a first hydrodewaxing stage, to produce
an isomerate comprising a partially dewaxed heavy lubricant oil fraction and
lower boiling hydrocarbons, (ii) separating said partially dewaxed heavy
lubricant oil fraction and lower boiling hydrocarbons, and (ii) hydrodewaxing
said separated heavy lubricant oil fraction in one or more successive
hydrodewaxing stages, with interstage removal of hydrocarbons boiling below
said heavy lubricant oil fraction, to form heavy lubricant base stock, wherein a
hydrodewaxing catalyst comprising a zeolite component and a noble metal

hydrogenating component is used in at least one hydrodewaxing stage.



at |least one of Pt and Pd. 16
A- process-accordi ngto-any of clains 10 to 15 wherein
WO pooat33sheast one of said stages said catal ystPEUB1008028334
conponent conprises ZSM48. 17. A process conprising
(a) producing synthesis gas conprising a mxture of
H2 and CO from natural gas, (b# contacting said
synthesis gas with a cobalt 'F]s'cher-Tropsch
hydr ocar bon synthesis catal yst at reaction conditions
effective for said H2 and CO to react and form waxy
hydr ocar bond8. i Adiraesssgccording taelsomsl owheneinysaid wixy

oBY s tains e din 0 AR DL AT disREcesocl Aot @ik phtged to said
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hydr odewaxi ng catal yst and hydrogen in a first

hydr odewaxi ng stage, to produce an isonerate

conpri si ng d9paftpracesy ageowsliagitthelaum 17udr 1& wheredi lsaid heavy
fractiop, and_  lLower .boili hydr ocay bons I .

< iRl hEcstp i Hi o1p 84 i ot REME Lo thad hat of seiddiqavy

f fFaetib®'h 8418 Wpwer boi ling hydrocarbons, and (ii)
h{%rod‘gwa%ng sai d separated heavy |ubricant oil

fraction in one or nore successive hydrodewaxi ng

stages, with interstage renoval of hydrocarbons o
boi I'i ng bel 8k Adiraceseasgonding tacamy obilaiths 32 40 dA, wharein said
form heavy | ybricant .base .stock, .wherein o o
SR o6 SLocy o 0rpr 1A DRUE et ol ot leah ISR 454°C).
an d a noble nmetal hydrogenating conponent is used in

at | east one hydrodewaxi ng stage. WD 2004/ 033595

PCT/ US2003/ 22838%roee3d atEordmgroonnsef elaiing 47 8¢ 20Gvherein said
claim 17 wherein said waxy hydrocarbons forned in (b)
aneblg anetpl enoprisrseat deast pné of Pt end&dng passed to said

hydr odewaxi ng upgrading facility. 19. A process

according to claim 17 or 18 wherein said heavy

| ubricant bgge gtpckshas ﬂi(gjtoaé}ﬂ' PO} Qdrein sai
than that of sai &Rﬁegvy ccﬁia I on |§P§glllgp\%\z}<§2h rem said
base stock has been hydrofinished and optionally dehazed.
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23. A process according to any of claims 17 to 22 wherein said
zeolite component is selected from the group consisting of ZSM-23, ZSM-35,
ZSM—48, ZSM-57, ZSM-22, silica-alumino phosphates, SSZ-32, zeolite beta
mordenite, rare earth ion exchanged ferrierite, alumina, amorphous silica and

mixtures thereof,

24. The process of claim 23 wherein said zeolite component is
ZSM-48.

25. A process according to any of claims 17 to 24 wherein said
hydrodewaxing catalyst comprising a ZSM-48 zeolite component and at least

one of said Pt and Pd noble metal hydrogenating components is used in said flrstl



20. A process according to any of clains 17 to 19
wherein said heavy |ubricant base stock has an
WO pootiozds9dboi | i ng point of at | east 850F (454C)PCT/B32003%028334
process according to any of clgeu ms 17 to 20 wherein
said noble metal conprises at 1east one of Pt and Pd.
22. A process according to any of clains 17 to 21
erein said base 3t ock has been_ hydrofinjshed and

yfigulapiayingstageand sisleast qneclessid siacspsivmby drodaypxisrg stages

0
cl.al ollte onent is
slé‘?éedgﬁ’e%’}?‘ ﬁ?@%@g@gﬁgl‘fﬁlﬁ%&ﬁﬂﬁm& L 75Mm 35,
ZSM 48, ZSM 57, ZSM 22, silica-al um no phosphates,
SSZ-32, zeolite beta nordenite, rare earth ion
exchanged f &6ri Arprbeessalcooiding teamy pholainsilltb O3 whekein said
rrhxtures thereof. 24. The process of claim23 wherein
shase staek 1% @mbinpd Math one or moe hebricast addifiver ssform a lubricant.
according to any of clainms 17 to 24 wherein said
hydr odewaxi ng catal yst conprising a ZSM 48 zeolite
conponent ang, ap dreask ac@&%@%toséllaﬁn% »@H&eﬁps&ﬁ?@ﬂeﬁvy lubricant
net al hydrogenatl ng conponents 1s used in_ sal
mmmmmmmﬂmgq&ﬁmmq 0508F (Bg6ROyavix cheud point no
st age aa easd one of said successive

7ﬁgF§ 4ag@s used to further hydrodewax said
heavy | ubricant oil fraction. 26. A process according
to any of clainms 1 to 25 wherein said base stock is
conbined with one or nore lubricant additives to form
a lubricant. 27. A process according to claim 26
wherei n said heavy |ubricant base stock has an end
boi l i ng point above 1050F (566C) and a cl oud point no
greater than 75F (240).



