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2 and typically includes hydrocarbons boiling in both
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[0002]  The relatively pure waxy and paraffinic hydrocarbons synthesized by
the Fischer-Tropsch process are excellent sources of diesel fuel, jet fuel and
premium lubricant oils with low sulfur, nitrogen and aromatics. When produced
by a cobalt catalyst, the sulfur, nitrogen and aromatics content of the waxy
hydrocarbons is essentially nil and they can therefore be passed to upgrading
operations without prior hydrogen treatment. In a Fischer-Tropsch hydrocarbon
synthesis process, a synthesis gas comprising H, and CO is fed into a hydro-
carbon synthesis reactor, in which the H, and CO react in the presence of a
Fischer-Tropsch catalyst to produce waxy hydrocarbons. The waxy hydrocarbon
fraction that is liquid at the synthesis reaction conditions and solid at ambient

room temperature and pressure conditions, is referred to as Fischer-Tropsch wax,
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have cl oud and pour points too high to be useful as

wo o@km33el | ubricant oils and nust therefore bect/usioch&033322
processed (e.g., dewaxed), to acceptably | ow cloud and
pour points. Fischer- Tropsch synthesis using a
non-shifting cobalt catal yst2produces nore of the
h| er m)l ecul ar wei ght hydrocar bons boiling in th

ealhy includgs hydrensrbpusailing i bethnhe éutlé@étlub@%ﬁ oil
ra"é‘%@'a-{ tveeiehy i Bief T TR AR o BT he eglgid and Bbur points
YRGB RIS ul 31TRels A uifeddd B3E an @ WAL YRt B e
yst y

ewax rocr acki ng t € waX rocar

picstessydo@ tde\b@tdd),ﬂg deetpiablyiiow cloud aadtpoat boﬁfm gElscheI‘-
This results in a substantial |oss of l[ubricant and

Troppebrsypthesisiging e nonwhifking @ﬁb@lmcﬂ@lﬁst peadyses ge of the

hilﬁhlelf %b‘é%“qﬁs&%&?% gx rogléjlfhnor?‘dtt’r% vvax Elas‘@;ﬁgs ke ngan does a
sﬁ?ﬂn?fzﬂ%ﬁst GRcRab El‘;nt Vi ﬁhﬁgess& dlsclo d for

deacti vat’i on of g cata yst. e pro em of

citabyiticatlp\demaixong mesie adh othier waaxty HyaltocarbomiicSome eduthi a5 those
exacer bat ed, when_ dewaxi ng a, waxy heav%/h | ubricant oil
e

emphexting £9Mah calelyshrdeyax byjdrosmcﬂnng |\M@>@y hydrpearbons to
phutusly feife ettty ‘é@e_afi%%g%%pé’& i Hfis Fefs i psphotapgiad loss
oE gD i Agher BAfin Aol e oyt Ay spBoidld Others

hyberefins tisd whk t@rdigeet Sulfuranitiopeass %‘lﬁ cotitdihingd molezales
accept ab| ;@i{l elds of both fuels an bricant base
(@eygsrates) ared aviimasics pieag dewexingaiq raskise daetivationfafdhe

%’5{3%“”@%%%& {Bioblemh gt i @-&%?5?%5'5’ SORRRIHETR s
gllﬂflﬂ‘f ﬁaceﬁ%%ﬁ%ﬁew&ﬂﬁ% l{))bncant oil

ant ase st pSC

ﬁ@l@ﬁbﬂ it anactysalie 2idurhpding CIllmﬁanbegl But m@nhﬁuﬁﬂg ekaables of
and lubricant boiling ranges, said process conprising
varipuhgatalytiedevaxing piogesass arodiselaged &, for mample, U.S. patents

ORI DS 0L RS Eze s SRR AR 265 4R

EPPE58375 B1.

[0003]  There is still a need for a process that will produce acceptable yields
of both fuels and lubricant base stocks, including a heavy lubricant base stock,

from Fischer-Tropsch wax.

SUMMARY OF THE INVENTION

[0004]  The invention relates to a process for producing fuels and lubricant
base stocks, including a heavy lubricant base stock, from Fischer-Tropsch wax
comprising hydrocarbon fractions boiling in the fuel and lubricant boiling

ranges, said process comprising (i) hydrodewaxing said wax to produce an



fraction, (ii) separating these two fractions, (iii)
separating said partially hydrodewaxed | ubricant oi
wo e@e33588 i Nt o a heavy fraction and a | ower boPCT/I§2003/033322
fraction, and (iv) separately further hydrodewaxing
said | ower boiling and heavy fractions, to produce
| ubri cant base stocks, inclugling a heavy | ubricant
base stock. The process provides for increased yield
isofnefatelcongrikihg hy dodewaked fuel ahd almartialby hydiodgwaxbeé fhricant
Iubrlcant base stock, from Fischer-Tropsch wax. [0005]
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| ower, boiling | ubricant base stocks. WD 2004/ 033588
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plus product upgrading by hydrodewaxing. The multi-stage hydrodewaxing
process comprises (i) hydrodewaxing the wax or waxy feed, to produce an
isomerate comprising a dewaxed fuel fraction and a partially dewaxed lubricant
oil fraction, (ii) separating these two fractions, (iii) separating the partially
dewaxed lubricant oil fraction into a heavy lubricant fraction and a lower
boiling fraction, and (iv) separately hydrodewaxing the heavy and lower boiling
fractions, under different reaction conditions, to produce heavy and lower

boiling lubricant base stocks.



| ubricant oil fractions are contacted with hydrogen,

and a hydrodewaxi ng catalyst that dewaxes nostly by
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excl udes dewaxi ng catal ysts, such as ZSM 5, which
dewax nostly by hydrocracking the waxy nol ecul es,
particularly the heavy lubrieant fraction, to
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which, when dewaxed, comprise light and medium oil base stocks. Thus, by

lower boiling base stock is meant to include at least one lower boiling lubricant
base stock and more typically a plurality of lower boiling lubricant base stocks
in the medium and/or light lubricant oil boiling ranges. By lubricant base stock,
is meant a lubricant oil having an initial boiling point above 600°F (316°C) and
more typically at least about 700-750°F (371-399°C), that has been hydro-
dewaxed to the desired pour and cloud points. By heavy lubricant fraction is
meant hydrocarbons having an initial boiling point in the range of from about
850°F (454°C) or above, preferably from 850-950°F (454-510°C) and an end
point above 1,000°F (538°C). A heavy lubricant base stock has an initial boiling



5 point in the range of from about 850-1000F
(454-538C,) with an end boiling point above 1, 000F
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is then separated into a heavy fraction and a I ghter,
or lower boiling fraction, each of which is further

[0008] The Figure is a simple schematic flow diagram of one embodiment of

the hydrodewaxing process of the invention.

DETAILED DESCRIPTION

[0009] In the process of the invention, the Fischer-Tropsch wax feed is
hydrodewaxed to produce an isomerate effluent comprising dewaxed fuel and a
partially dewaxed lubricant oil hydroisomerate. The dewaxed fuel is separated
from the partially dewaxed lubricant isomerate. The partially dewaxed lubricant
1somerate is then separated into a heavy fraction and a lighter, or lower boiling

fraction, each of which is further hydrodewaxed, separately and under different



dewaxi ng reaction conditions, to produce isonerate
ef fluents conprising heavy and |ower boiling
wo admiozmst base stocks. As set forth above, theCT/US2003/033322
partially dewaxed heavy |ubricant isonerate, produced
by hydrodewaxi ng the Fischer- Tropsch wax feed, is
further hydrodewaxed at noressevere conditions than is
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1780 m3/m’). The catalyst will comprise a support component and one or more
catalytié metal components of metal from Groups VIB (Mo, W, Cr) and/or iron
group (Ni, Co) and/or noble metals (Pt, Pd) of Group VIII. The Groups VIB and
VIII referred to herein, refers to Groups VIB and VIII as found in the Sargent-
Welch Periodic Table of the Elements copyrighted in 1968 by the Sargent-
Welch Scientific Company. The metal or metals may be present from as little as
0.1 wit% for noble metals, to as high as 30 wt% of the catalyst composition for

non-noble metals. Preferred support materials are low in acid and include, for



non-nobl e netals. Preferred support materials are | ow
in acid and include, for W 2004/ 033588
wEOASE8O3/ 033322 7 exanpl e, anor phous or crpCI/ab1005e33322
nmetal oxides such as alumna, silica, silica alumna
and ultra large pore crystalline materials known as
mesoporous crystalline materials, of which MCM41 is
a preferred support conponent. The preparation and
exangplef alvGipholisios cdystallins eaktalf cnxidesmmbd &, aliomina, Silica, silica
patents 098, 604, 5,227,353 and 573, 657. [0010] A
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(A0T; o ghhE beCiee B RBHRR % 0T RS G RO kI 6
hdeikhht &ig b@ﬂmgt Ege JR4Eng 16 Ecthpetatidd P?GBErﬁéé’ endlagHadfour
contai ning nore than one additive. l'ustrative, but

anﬂmloludrpdmﬂsgsusfﬁmmﬂt]gslowkr thanhwhatdthe respectine fradtomhad prior to
nore, of a .detergent 3 rsant an anti oxi dant, an
thedyidredewaing: tweetaiﬁsgﬁ ISE% figations graequigementse, a
pour poi nt depressant a Vl i mprover, a friction
modi fier, a denmulsifier, an antioxidant, an

[(ﬁﬁtlg fo W‘l‘l‘iﬁncaﬁ&t bP Tﬁx?sfﬂeﬁ 'lulbr'i’&inl? g?&luct ‘és@tﬁ@ frmsHe Iuhed
control additive. The heavy | ubricant base stock used
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fuel must have a freeze point of no higher than
detéigént [ dspershoi Ianmnuondape @hi ané veamadditivedan ektn¢me pressure
cloud points, varying by gl obal region, from-15 to
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4590 ti gnal t an d| um | ubrica
TG B andoxBiihe 5 iR gm e, § Eon53Eh iR for YREH Seat
swell '&anrﬁph&(ﬁhw. Mhe heavy lubricant base stock used in forming the
mixture is typically one that has been mildly hydrofinished and/or dehazed after

hydrodewaxing, to improve its color, appearance and stability. Low temperature
property requirements will vary and some depend on the geographical location
in which the fuel or lubricant will be used. For example, jet fuel must have a
freeze point of no higher than -47°C. Diesel fuel has respective summer and
winter cloud points, varying by global region, from -15 to +5°C and -35 to -5°C.
Low temperature properties for conventional light and medium lubricant base
stocks, may include a pour point of about -20°C and a cloud point typically no
more than 15°C higher. A heavy base stock will typically be clear and bright at

room temperature and pressure conditions of 75°F (24°C) and one atmosphere
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However, in sone cases the cloud point may be higher

than 75F (24C). [0012] The Bi scher-Tropsch wax feed

(hereinafter "wax") is hydrodewaxed in the first
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isomerate fraction produced in the first stage. However, if desired, more than

one stage may be used for the wax feed and/or for one or more of the partially
dewaxed lubricant isomerate fractions. By stage is meant one or more hydro-
dewaxing reaction zones, with no interzone separation of reaction products and
typically, but not necessarily, refers to a separate hydrodewaxing reactor. The
wax feed hydrodewaxing stage is typically operated at milder conditions than the
two respective lower boiling and heavy lubricant oil isomerate hydrodwaxing
stages. The heavy lubricant stage is typically operated at the most severe
conditions. This minimizes conversion of the fuel and lubricant oil fractions to

lower boiling product, and maximizes both fuel and lubricant base stock yield.
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or nore refractory metal
5,882,614. In the process of the invention, the cobalt Fischer-Tropsch catalyst
comprises a catalytically effective amount of Co and optionally one or more
promoters such as Re, Ru, Ni, Th, Zr, Hf, U, Mg and La on a suitable inorganic
support material, preferably one which comprises one or more refractory metal
oxides. Preferred supports for Co containing catalysts comprise titania,
particularly when employing a slurry hydrocarbon synthesis process in which
higher molecular weight, mostly paraffinic liquid hydrocarbon products are
desired. Useful catalysts and their preparation are known and illustrative, but

nonlimiting examples may be found, for example, in U.S. patents 4,568,663;
4,663,305; 4,542,122; 4,621,072 and 5,545,674. Fixed bed, fluid bed and slurry
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COis converted to CO2. It is also preferred to
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amount of 700°F+ (371°C) hydrocarbons produced in the synthesis reactor is
achieved by one or more of (a) decreasing the H,:CO mole ratio in the synthesis
feed gas, (b) decreasing the reaction temperature, and (c) increasing the reaction
pressure. These high 700°F+ (371°C) hydrocarbon production levels have been
achieved in a slurry hydrocarbon synthesis reactor, using a catalyst having a
thenium promoted cobalt component and a titania support component.
Increasing the amount of 700°F+ (371°C) hydrocarbons produced in the
synthesis reactor is achieved by one or more of (a) decreasing the H,:CO mole
ratio in the synthesis feed gas, (b) decreasing the reaction temperature, and (c)

increasing the reaction pressure.
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and desired products. Typical conditions effective to form hydrocarbons
comprising mostly Cs. paraffins, (e.g., Cs:-Czo0) and preferably C,o. paraffins, in
a fixed bed or slurry hydrocarbon synthesis process employing a catalyst
comprising a supported cobalt component include, for example, temperatures,
pressures and hourly gas space velocities in the range of from about 320-600°F,
80-600 psi and 100-40,000 V/ht/V, expressed as standard volumes of the
gaseous CO and H, mixture (60°F, 1 atm) per hour per volume of catalyst,
respectively. In the practice of the invention, the waxy hydrocarbons or wax

feed may be produced in a slurry, fixed or fluidized bed Fischer-Tropsch reactor.
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feed passed into the first hydrodewaxing stage.

[0016] In the illustrative, but nonlimiting example below, the wax was
produced in a slurry Fischer-Tropsch reactor, containing a rhenium promoted
cobalt catalyst having a titania support component and had an initial boiling
point of about 430°F (221°C). Lower boiling naphtha hydrocarbons (Cs.-430°F
(231°C)) produced by the synthesis reaction, were not combined with the higher
boiling, liquid reactor effluent. This wax typically comprises 90 or more weight

percent paraffins, with from 2-4 wt% oxygenates and 2-5 wt% olefins, depend-
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poi nt of the wax feed may be above the 400-450F
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[0019] As in the case of many other zeolite catalysts, it may be desired to
incorporate the solid acid component with a matrix material also known as a
binder, which is resistant to the temperatures and other conditions employed in
the dewaxing process herein. Such matrix materials include active and inactive
materials and synthetic or naturally occurring zeolites as well as inorganic
materials such as clays, silica and/or metal oxides e.g., alumina. The latter may
be either naturally occurring or in the form of gelatinous precipitates, sols or gels
including mixtures of silica and metal oxides. Use of a material in conjunction
with the solid acid component, i.e., combined therewith, which is active, may
enhance the conversion and/or selectivity of the catalyst herein. Inactive

materials suitably serve as diluents to control the amount of conversion in a
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magnesia, silica-zirconia, silica-thoria, silica-beryllia, silica-titania, as well as

ternary compositions such as silica-alumina-thoria, silica-alumina-zirconia,
silica-alumina-magnesia and silica-magnesia-zirconia. The matrix can be in the
form of a cogel. Mixtures of these components can also be used. The relative
proportions of finely divided solid acid component and inorganic oxide gel
matrix vary widely with the crystalline silicate content ranging from about 1 to
about 90 percent by weight, and more usually in the range of about 2 to about 80

percent by weight, of the composite.

[0022]  On the other hand, it is preferred that the catalyst used to produce the
lower boiling lubricant base stock, by further hydrodewaxing the partially



[0021] In addition to the foregoing materials, the

solid acid conponent can be conposited with a porous
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magnesia, silica-zirconia, silica-thoria,

silica-beryllia, silica-titania, as well as ternary

conposi tions such as silica-1al um na-thori a,
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asl devarihgl aatalystoopdriiowlady dvirecombimbd ivadng cetalytic metal
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ERTMTEE TR e e
ZIONAIOC ANILARI 7 RGN 7. 73013794198 REGwn as theta one or TON, and the
silica aluminophosphates known as SAPO’s (e.g., SAPO-11, 31 and 41), SSZ-
32, zeolite beta, mordenite and rare earth ion exchanged ferrierite. Also useful
are alumina and amorphous silica aluminas. The hydrogenation component will
comprise at least one Group VIII metal component and preferably at least one
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



nol ecul ar sieves conprising ten and twel ve nenbered

ring structures are useful as dewaxing catal ysts,
w@asoniozisBar | y when conbined with a catal yti c neCHEIUS2003/033322
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Pdammmrphews. silobhkamina §20%omleen)t daekpesments| usingagewaxmng
about 0.1-5 wt% of the petal, apd nore typically from
caiplyst compnsinggndy Pbgg@ggghzqqlge géftaaﬁr HRQIRNOYUS sijisn nina,

gl 30 o e S0 R 60 TS REP R asBLARhs
béifihgih e ARk1dRMEEN ExpbfibfentOhdveaihowe the ZSMLH8IB8kalyit is more

t he Sargent-Wel ch Periodic Table of the El enents
saleqtive tgHubes produowén, byhich enchas Jesst700EF ¢ {3 BLi@nwak feed\O

2004/,0335 / 03332 16_Conpany.. .

cw@r%eam%ﬂ%gﬁégimd@% RRfct epgtation of ZSM-48 1s
' - S veal

RIS HERRAINR, ol BB R phllle A 597891 455,747
afk 81075269, ahe BPe0 1121397, geclisiigadtes 6f whedh zh%dncoxgorated

nordenite, zeolite beta, SAPO- 11, TON and ZSM 23, all
hereimby aeferenioy d g 10O Fhd3 ¢ Highoneemiversidn isscakddated as follows:

superior to Pd/anorphous silica alumna (20% silica).

I n experinents using a dewaxi n°gfb*r catal yst conpri sing

onl y76@°Toncaiviension 7eld| -+ (ve%h 200 Tor fraetwerpinoprodact)i(we”o
al unj about. .50 w % of the 950F+ (610C) fraction
vvasn‘é@ﬁc\}:e# eéﬂ ’Hf@é o(::ar bons boiling in the fuels
range. Experinents have shown the ZSM 48 catal yst is
I lective to | ubes productio ich. means | ess
O9B5E. (riserestic Qe fiiel ot YimuiTEREE pofiidn of
r . I . .
HDFOPERTIAT inARRoRLRRTS Bl i ARkt e neifiting

eXardplé, RoferrthSBdw 1d the Bipn &, Dthvec§i8ge hydiodPwaxitgurilf 10 of
t he disclosures of which are incorporated )
the invention comprises hydrodedwaxing reactors 12, 14 and 16, each being a

separate reactor and containing one or more fixed beds of a hydrodewaxing
catalyst. The respective catalyst beds are simply indicated as 121, 141 and 161.
The hydrodewaxing catalyst in each reactor is the same and comprises a ZSM-48
zeolite component and a hydrogenation component. The ZSM-48 zeolite is the
hydrogen form and the hydrogenation component comprises platinum. The
amount of platinum is 0.6 wt%, based on the total catalyst weight. An untreated,
raw wax feed, comprising the 450°F+ (232°C+) hydrocarbon fraction produced
by a Fischer-Tropsch slurry reactor (not shown), employing a titania supported,

rhenium promoted cobalt catalyst and operating at conditions to produce at least



herein by reference. The 700F+ (371C+) conversion is
cal cul ated as follows: 700F+ conversion = [1 - (W%
WO o@HA3I8RCt i on in product)/(wt% 700F+ in feerdT/UK2008033322
[0023] The Figure represents one enbodi ment of the
nmul ti-stage portion of the process of the invention
and is intended to be an illystrative, but nonlimting
exanple. Referring nowto the Figure, a three stage
lhmundeQ@SS ikg) 0670090+ 3719 hiydvecarbonms pantol pamds
drodedmaX|ng reactors 12, 14 and 16, each_ being a
(%% paks) e C&e%vermddomdr@ﬁaﬁbw éﬁwf?ddntmb? yig 11&@36 hdde wax
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conprises a ZSM 48 ol Ite conponent and

ahg @60ut3h A006TF € (38N mosTlmorEht piraffeny. i Hydrdgehhmters
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slurry reactor (not shown), “enploying a tit
isompgratet efflnent doanprising rd@makedi naplithh tand aliédey kel dradtions, and a

operating at conditiong roduce at |east W) .
panTAllsERE P U2 (5516 é@gxzcani pilifiagiiom dEhq diegel faption

iR QPO T 21 O M SERpa s, Py A B - 12°C ana

5% | TR é’fﬁuem% d)ﬁ@é%d CRMEADSO, %{aé%lgaighéﬁ "eﬁmgrés%ure

initial boiling up to I'ts I ng pol nt

fuabotiohater $8 gwhithesepatates the Fodl anddabdiant Tracsionsx The fuel is
conprises. 72 W % 7OOF+ 371C) ,_and 26 wt % 1000F+

TemQu Viaring ﬂ/aﬁlﬁ@)ﬂiﬁaﬁ% rBTLAE) Iylyinang Eacthon & rmoved v1a.
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a:ad adueer amlmgs(messaioé’Fe(szumn?cgpmmanm@aamxme lower
napht ha and diesel fuel fractions, and a partially

b@dm@bncmg(ﬁcact(osm aympyed fioand2 oia line aStamdrpassademto
R E AERy 1 SRR 080 FhChbn 18 SORPHAE 40
and passed into hydrodewaxing reactor 16. A minor amount of entrained middle

distillate, 725°F- (3 85°C-) material, is removed from 22, via line 36, and passed

into line 32. Reactor 14 operates at a temperature and pressure of 597°F
(314°C) and 245 psig (1689 kPa) hydrogen, while reactor 16 operates at 616°F
(324°C) and 250 psig (1724 kPa) hydrogen. The LHSV and hydrogen gas space
velocity in these reactors is the same as in reactor 12. The heavy and lower
boiling fractions are further dewaxed in their respective hydrodewaxing reactors
14 and 16, to produce base stock oils of the desired pour points. Hydrogen
enters reactor 14, via line 42 and reactor 16, via line 46. Reactors 14 and 16
produce hydrodewaxed effluents respectively comprising a light/medium

lubricant (isomerate) base stock fraction, having a pour point of about -21°C and



-35C. This effluent is passed, via line 30, into an
at nospheric pressure fractionater 18, which separates
wo bh@4/083588 and | ubricant fractions. The fuel i SPCTERIOB3322
via |line 32 and the 750F+ (371C) lubricant fraction is
renoved via line 34. Line 34 passes the partially
hydr odewaxed i sonerate |ubriwant fraction into a
vacuum fractionater 22, which separates it into a
aheavy ((0BOF+ (5639C))) lubroahtaisomerateh basd stock HABHODARvVIng a
(371-610Q)), lubrjcant fraction. The |lower bhoiling
clowdmaietraf ghout 8ok i Ehe kevdsodewarasheffimentsproducedza hand 16,
assed. into hydrodewaxi r aor _14. The, heavy .
RSP EL remysE iR A 8 o 6 Sombliedig 438 passeinto
K r -
AT or 207 IR A plhef b S BERM? s ydro
dewaxehinbeitant base2ockvéflubntsdr@f, 14eamdl phrameehchipassed intea
32. Reactor ,14 operates at a tenperature and pressure
separajgysequentialdyainnf atmesphsris andoswurmiraghenatersninstead of
il e reactor,16. operate t.616F 324 nd 250 psig
b shritRisd R Ry BS nHile Rair 2% by ghe FlkieE o e
e : . S . .
B O e (P rg) 1Y aeaBis ToRAE by the
coevarsied dfisontecoft the §25EE+ (985G diyaltovabongin baandns, arkd

and 16, todﬁrodu&e base stock oils of the desired pour
sensrated from dhe da% FeM&Y €)dubiacant base stork matedalsmdaiemoved

Vi S B 0P P (2ACE) mBERIGRs J7 LB S0 R BBHE L with the

ﬁ]géwh%&%%ms ih ¥REI3%8Hd %&s%t{wiefiig% 3bagfeitlR G age or further

raction, having a pour pol out -21IC an

olnt o

pAR44iNG3 BalePORhSRARTED 3R A2, fih8tiandterv)8, Q0QMIFR2 pass a
(538C)) lubricant_ (isonerate) base stock fraction
combmeg tatal of ghaudivibo Baphibas 45 wie digyed ang drwtiewd adight
ef f d hn. 14 and 16, . are r t i el
B0 S RET wiicher FBE skibpRifind R25TRE0F+
, ¢ , .
(DY Stock RIS vempUAERRN20 Sho Bk 32 Anf A 160
vhann Stactisnatet Rdavtiish fiyowa 41 dlhastdfionr separates paagekight,
into a separate equential train of atnospheric and

medéun ool hcevy QAORASTES: (338QCEAMbricanichsg stasks: haing respective
SRR 35 5B SSE R 125, I B RSEU shved from
20%44 REES 5ANs6 htd 5B SeRY td Rfdrofinishing and optionally dehazing (not
shown) to improve color stability and appearance, and then to tankage. Based
on the wax fed into reactor 12, a total of 30-52 wt% of lubricant base stock oil is
recovered from fractionater 24. This includes 12-20 wt% of the 3.8 ¢St stock,
10-18 wt% of the 6.0 cSt stock and 8-14 wt% of the 15.7 ¢St stock fractions.
The cloud/pour points of these three stocks are -8.6/-30°C, -7.6/-21°C, and
6.8/-26°C, respectively. Overall, a 700°F+ lubricant base stock yield of from
about 70-75 wt% of the 700°F+ (371°C) fraction of the wax feed is achieved.

[0024] In the context of the invention, the terms “hydrogen” and “hydrogen

treat gas” are synonymous and may be either pure hydrogen or a hydrogen-



conversion of sone of the 725F+ (385C) hydrocarbons in
14 and 16, are separated fromthe 725F+ (385QC)

wo admiozmst base stock material and renoved viPBCT/UR®03/033322
50. The 700F- (371C-) hydrocarbons in line 50 are
conbined with the fuels hydrocarbons in |ine 32 and
passed, via line 32, to either tankage or further
processi ng. Based on the wax fed into 12,
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into reactor "12, a total” of 30-52 ricant
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yi el d of om a 70-75 wt %
ideabfdri prodeding facsynehesiseend hasirgcdi H\g@O m¢1e@add of Aoinimally

context of the invention, the ternms "hydrogen" and

2:1nl y agrambipaten ogagmaépéldgyﬁn@yd@tmarﬂfommgoeﬂ@ismﬁw
une Fogen or.a h enV\D 04/ 033
stpiH ot e o sty YBPE Rot iR dB R Syt o s o
AR Ay R TR ﬁhﬁw%ﬁﬁﬂ’é‘*&%eacé*f’%ﬁ%%@%?%us‘m@‘gas
hatihgrthgdesirsd garchémmetfie.2y1:1 Hj:Crmgkiratiodequight when using a
l%/ﬁdrocar bons such as net hane) which will not adverselglatis

lerSéh@r-RRmpfwb .hydfcfcethonesymﬂaslst ¢pdalystand pristerablytone

nbhabitfiod: I Badiery syfitfed b Horumii 256 el And pstrroatom
ﬁﬂgﬁ&ﬁds dfe refiRved B dth ﬂ{@ﬂt%:a‘i‘ a£ Qﬁlﬂt in3RRE cA30s ¥Rb nittBgen

rogen. In the integrate
and CO,. The remaining methane-rich gas, along with oxygen or air and steam,

is passed into a synthesis gas generator. Oxygen is preferred to air, because it
doesn’t introduce nitrogen into the synthesis gas generator (reactor). During the
synthesis gas reaction, nitrogen present forms HCN and NH;, both of which are
poisons to a cobalt Fischer-Tropsch catalyst and must therefore be removed
down to levels below 1 ppm. If nitrogen is not removed from the natural gas,
and/or if air is used as the source of oxygen, before converting it into synthesis
gas, HCN and NH; must be removed from the synthesis gas, before it is passed
into the one or more hydrocarbon synthesis reactors. In a synthesis gas

generator, the natural gas reacts with oxygen and/or steam to form synthesis gas,



enbodi nent the synthesis gas is produced from natural
gas and contacted with a cobalt Fischer-Tropsch
W@ 240al0y3588 t 0 produce the waxy hydrocarbons, whPCIUS2083/033322
dewaxed by the multi-stage hydrodewaxi ng process. It
is not unusual for natural gas to conprise as nuch as
92+ nol e % net hane, wi th thegrenai nder being
primarily C2+ hydrocarbons, nitrogen and CO2. Thus, it
w&u%clamehctea}esas dhe fdedtfov teyhydrbesmboh gehthesis. mvhepracesses
roduction. The net hane has a 2:1 H:Cratio and
qrssyn 1 gaqrodudinucinalydg p@ytm lnsadatiogn satalticngfeatn reforming,
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havi ng the desired stoichionetric 2.1:1 H2:C nole
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renoved fromthe na n sone ‘cases al so
inviehtiogem\ reviev @fmhes'éhﬁodidsm mdwﬁlemlmm -menits my@sbe found,
aI ong with o§ygen or air and steam is passed into a

vaxamplesinddS. pateat 41888.138xygen is preferred to air,

because it doesn't |ntroduce nitrogen into the

synt hesj s gas ener. at or eact ring the
[@ﬁﬂhesﬂge Bysn %&tl ﬁﬁ[l stepgué@ﬂ%refféﬁeﬁse tecteand
£$§ qgﬁq of which are poisons to a cobalt

| BH@ -'Wbpsch catal yst and nust therefore be renoved

down to levels below 1 ppm If nitrogen is not renoved
fromthe natural gas, and/or if air is used as the
E3AMI Of oxygen, before converting it into synthesis

gas, HCN and NH3 nust be renoved fromthe synthesis
gas, before it is passed into the. one or nore

(U1 C SRR RO TRt Wi sBA s e Pt DSt Suciiine
pﬁdc‘é@‘ﬁbf thef invaaomésa gh&d&l@% 0% @2991 /(9 %drocarbon
PCT/ US2003/ 033322 20 which then serves as t

fiaotion ipeoduced an arshamy FyscheeTrepscKreastop inedsdethe Hpand CO

synt hesi Smstg production include art| aI xi dati on
WEEE Eﬁ%‘f‘f‘?d: 8 PRESCEER PR ,qgama \»‘i}éﬁl@? theniugy eatabyst to

5108 hyg o%arts %tns orrx]l%s{ & Whit were 1qu1 GP eesr%gc dnnc(::on(f;l florts. ~The
synthesis reactor was operating at conditions to produce at least 14 pounds

(6.35 kg) of 700°F+ (371°C+) hydrocarbons per 100 pounds (45.36 kg) of CO
converted to hydrocarbons. This 430°F+ (22t10C) wax comprised mostly normal
paraffins, including 71.5 wt% of 700°F+ (371°C) hydrocarbons and 26.2 wt% of
1000°F+ (538°C) hydrocarbons. This raw (untreated) wax boiled continuously
up to its end point of greater than 1050°F+ (566°C) and was fed directly into the

first reactor, without any treatment. Three hydrodewaxing stages were used.
Each of the three stages was an isothermal, up-flow, fixed bed reactor (R1, R2

and R3) and each contained the same hydrodewaxing catalyst. The relative



phase partial oxidation (GPOX), autothermal reformng
(ATR), fluid bed synthesis gas generation (FBSG,

w@aroioadssoxi dati on (POX), catalytic partial ORCTIEBE20081033322
(CPO, and steamreform ng. ATR and FBSG enpl oy oxygen
and formthe synthesis gas by partial oxidation and
catalytic steamreformng. AR and FBSG are preferred
for producing synthesis gas in the practice of the
aimouanbf catalyst rremeeﬂue«efremtteme,rm afd ®3, andt 4508, 270 and 71,
rel atlve nerits may be found, for exanple in U S

rw@@me 8, ¥8ZSMeg8 qawmyamsadrfoghydmdewamngo@efvmmer
AR S et B SRR B crogsmating

cORipohP, Y IRt 28 a0 OB ot S SV eplte and an

ahimonhadgadérn Fheshydrogerr-forahZ8MA48psolite @asp@ient off thihéathlyst
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wastpiepared @appydingitodthp wocwm&m%&mﬁmﬁolmé? dhendisclosure
b d
of $350K B meORariR D hereim by 68 %ﬁc%ishgeqﬁé%ﬁmnmigvas added by

u‘z‘lﬂf‘égtakxﬂgi ﬂ:?log&glg&j %%gﬁgi%)aﬁl%car er %g?pounds'

(45.36 kg) of CO converted to hydrocar bons. This

430F+ (221C) wax conprjsed nostly normal paraffins,
00T i Gas omamgzaanﬁ digUiations {GED Yy aiecwarbed using a high

iRl G DyBstgd madTeapior HEASIRY 15507 o Hiedin
cEﬁélE‘ltedef agsr %E %"agflfé?? cORMAEHiOP R 1 ‘aﬂﬂi u}?ﬂﬁef RRds than 0.2

directl rst reactor,

nhbﬁﬁis[’fﬂﬁtem'ﬁh statdidd e wesd m@nsltsﬁﬁg of Mn@p@ﬁm caldlsrant
of the three stages was an i sot hermal , up-flow, fixed

raging é@dn <] Ejto (IR0, carbonsary tmperahue @a?,granmchlm@cmt was used
VO

oo aHBiFHet D8 SRS £eny SHaReA CRRE bat weyas, Boiling

e s S0 M

Clydd poiwavaluey were mensyuredhysin® ASTMI3-57113 £bi PhasecEec

reactors. It conprised 0.6 Wt % Pt as the hydrogenating
Instruments under the lubricant procedure method. Pour point was measured

according to ASTM D-5950 for ISL. Auto Pour Point measurement. Viscosity
and viscosity index were measured according to the ASTM protocol D-445 and
D-2270, respectively. Noack volatility was measured according to ASTM
D-5800, with a non-woods metal bath.

[0028]  The raw wax and hydrogen were fed into the first reactor (R1), which
produced an isomerate effluent comprising a dewaxed diesel fraction, having a
cloud point of about -15°C, and a partially hydrodewaxed lubricant oil fraction.
This first stage effluent was fractionated by atmospheric distillation, to separate
the 700°F- middle distillate fuel fraction, from the 700°F+ (371°C+) lubricant
fraction. The 700°F+ (371°C+) fraction was fractionated by vacunm
fractionation to produce a 700/950°F (371/510°C) and a 950°F+ (510°C+)



conponent, on a conposite of the hydrogen form of the
ZSM 48 zeolite and an alum na binder. The hydrogen

WO e0oaio X588 48 zeol ite conponent of the catal ystPCWES2003/033322
prepared according to the procedure in U S. patent
5,075,269, the disclosure of which is incorporated
herein by reference. The Pt agonponent was added by
i mpregnation, followed by cal ci ning and reducti on,
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el Cp tacior TP (W he ekPa | LHSV mdg%lg;lBRate
R 586(308) | 2501724 | 10 | 2500
R2 597(314) | 245/1689 | 1.0 2500
R3 616(324) | 2511731 | 10 2500




second reactor (R2) to produce a hydrodewaxed
ef fluent, which conprised a 700F+ (371C+) |ubricant
whame/03358ck fraction, having a pour point of abPOLNUS2003/033322

-23C. The 950F+ (371C+) fraction and hydrogen were fed
into the third reactor (R3), to produce an isonerate
effluent conprising a dewaxegt, heavy |ubricant base
stock fraction, having a cloud point of about 7C. The
overall conversion of 700F4ble371C+) hydrocarbons to
700F- (371C) hydro- car bons resulti ng fromthe three
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Tenperature Pressure Hydrogen Rate Reactor OF C

psi g/ kPa LHSV SCF/B RI 586 308 250/1724 1.0 2500 R2
597 314 245/1689 1.0 2500 R3 616 324 251/1731 1.0
2500 WD 2004/ 033588 PCT/ US2003/ 033322 23 Table 2

725/ 845F 845/ 1000F R2 and R3 Property 385/452C

453/ 538C 1000F+ 700F+ 3710C+ KV 100, cSt 3.8 5.8 16.0
6.5 VI 140 157 156 163 Pour Point, C-30 -21 -26 -34
Cloud Point, C-8.6 -7.6 6.8 -3.1




Noack, vol % 13.6 5.0 0.4 WD 2004/ 033588

PCT/ US2003/ 033322 24 CLAIMS: 1. A process for
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3. A process according to claim 1 or 2 wherein said hydrodewaxing
is achieved by separately contacting said wax and each of said partially dewaxed
lubricant fractions with hydrogen, in the presence of a hydrodewaxing catalyst at

hydrodewaxing conditions.

4. A process according to any of the preceding claims wherein said

heavy lubricant base stock has an initial boiling point of between 950-1,000°F.

5. A process according to any of the preceding claims wherein said
wax and each of said partially dewaxed lower boiling and heavy lubricant

fractions are hydrodewaxed in separate hydrodewaxing stages.

6. A process according to any of the preceding claims wherein said

Iubricant base stock has been hydrofinished and optionally dehazed.



7. A process according to any of the preceding clains

wherein said |ubricant base stock is conmbined wth
wWo@r®4083580re | ubricant additives to forma | ubeT/T82W03/033322

8. A process according to any of clainms 3 to 7 wherein

said hydrodewaxi ng catal yst conprises a hydrogenati ng

conponent, a binder and a sglid acid conponent. 9.

The process of claim8 wherein said solid acid

conponent is selected fromthe group consisting of

ZSM 23, ZSM 35, ZSM 48, ZSM 57, ZSM 22, zeolite beta,
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according to any of clains 3 to 13 wherein said
hydr odewaxi ng catal yst used to hydrodewax said
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11. The process of any of claims 8 to 10 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.

12. A process according to any of claims 3 tol1 wherein said
hydrodewaxing catalyst used to further dewax said partially dewaxed lower
boiling lubricant fraction, to produce said lower boiling lubricant base stock

2

comprises a ZSM-48 zeolite solid acid component.

13. A process according to any of claims 8 to 12 wherein said

hydrogenating component comprises a noble metal.



15. A process conprising (a) producing synthesis gas
conprising a mxture of H2 and CO from natural gas,

w@ bjo4osasBact i ng said synthesis gas with a cobe€T/US2003/033322
Fi scher-Tropsch hydrocarbon synthesis catal yst at
reaction conditions effective for said H2 and COto
react and form waxy hydrocappons, including
hydr ocarbons boiling in the fuel and I ubricant oil
ranges, including a heavy |ubricant 0|I range, (c)
passing at |east a portion of said wax dr ocar bons

to a Hed Adgmsmcwﬁgm&m My okelaims § to dgmh@nirsai@

WFRLHIE SRS i pher
b AURI08 57904351 1 LR ind bl

mbtad hgdessnating vbmipoasit. fractlon (ii) separating these
two fractions, (|||) separating said partially
hydr odewaxed | ubricant oil fractlon into a heavy
[ and a | ower boll i ct.i on,

f t
separ atet yARIPEHSComaRiRe (B mipdine et & | aomm;}nga

m?glslfoéect | ge Tiowe%gf‘) élcg a@ﬁgﬁt?’lﬁgégéﬁﬁ% ng s aS%Vltha

cobalt Fischéaflo %lﬁhﬁ(ﬁ’@@él%ﬁ syhﬂfé@i%fctatdl?strb@ ?é’dbtibh%hklﬁ[bns
hydr odewaxi ng stage, to produce |ubricant base stocks,

effentivedion gaid themd/CDJtmrneaamndﬁm whxckydraoarbons, rmchlchng
dr odewaxi ng cat al yst rising a solid acid
X%mh@m bodingyidthe ﬁmhan u ol Tanges umludmgerheayy

toFi kL Bingec ) et 8 IShat 4 ation il 10, waay By dfbepibons to a
hyBao% RS écﬁﬁg‘?&éh@ h%ﬁ%agf%' Q%ﬂ fbrcgﬁftﬁﬁeage @)

prior to

hydrodesthxal itﬂm |présencé/‘®f am&f&&%&&g&%@%&% mﬁ&%@%ﬁ ina

27 17. A process according to claim15 or 16 erein
fiesthydenslaanasing stage tooprodued an megraw@mmmng bydtddeyaxed

fughaRe Eindrialy Friprov B Rbsant Hiditnohd) fopesating ase two
i, TSRO A B 40 3 o o
héaviytfraitioncindi mbvmlbmﬁlmg fractiong deE(ﬁ? stp@@dly fildherhydro-

process according to any of clains 15 to 18 wherein
deysaxing éaelt of said lower boiling and heavy fractions in at least one separate

respective lower boiling fraction hydrodewaxing stage and at least one separate
respective heavy fraction hydrodewaxing stage, to produce lubricant base stocks,
including a heavy lubricant base stock, and wherein a hydrodewaxing catalyst
compﬁsing a solid acid component, a hydrogenation component and a binder is

used in at least one of said hydrodewaxing stages.

16. A process according to claim 15 wherein said waxy hydrocarbons
formed in (b) are not hydroprocessed prior to being passed to said hydro-
dewaxing upgrading facility.
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to form a lubricant.

22. The process of any of claims 15 to 21 wherein said solid acid
component is selected from the group consisting of ZSM-22, ZSM-23, ZSM-35,
ZSM-48, ZSM-57, SSZ-32, silica-alumina phosphates, zeolite beta, mordenite,
rare earth on ion exchanged ferrierite, alumina, amorphous silica, and mixtures
thereof.

23. The process of any of claims 15 to 22 wherein said

hydrogenation component comprises at least one Group VIII metal component.

24. The process of any of claims 15 to 23 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



boiling isonerate |lubricant fraction and said
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28. A process comprising (a) producing synthesis gas comprising a
mixture of H, and CO from natural gas, (b) contacting said synthesis gas with a
non-shifting 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 fuel and lubricant oil boiling ranges,
including a heavy lubricant oil, ranges (c) passing at least a portion of said waxy
hydrocarbons to a hydrodewaxing upgrading facility in which said waxy hydro-

carbons are (i) hydrodewaxed in the presence of a hydrodewaxing catalyst and



29. A process according to claim 28 wherein said waxy

hydr ocarbons fornmed in (b) are not hydroprocessed
W@ri0a/033588 bei ng passed to said hydro- dewaxi NngPCT/US2003/033322

upgrading facility. 30. A process according to claim

28 or 29 wherein said hydrodewaxing catal yst

conpri'sing a ZSM 48 zeolitegonponent and a nobl e

nmet al hydrogenati ng conponent is used to hydrodewax at

hydragen i fbt Isalrddewsying RuEE 26 PrERRR an isomerate comprising
hydrodewaxed fuel and a partially hydrodewaxed lubricant fraction, (ii)
separating these two fractions, (iii) separating said partially hydrodewaxed
lubricant oil fraction into a heavy fraction and a lower boiling fraction, and @iv)
separately further hydrodewaxing each of said lower boiling and heavy fractions
in at least one separate respective lower boiling fraction hydrodewaxing stage
and at least one separate respective heavy fraction hydrodewaxing stage, to
produce lubricant base stocks, including a heavy lubricant base stock, and
wherein a hydrodewaxing catalyst comprising a ZSM-48 zeolite component and
a noble metal hydrogenating component is used in at least one of said

hydrodewaxing stages to hydrodewax at least one of said waxy hydrocarbons.

29. A process according to claim 28 wherein said waxy hydrocarbons
formed in (b) are not hydroprocessed prior to being passed to said hydro-
dewaxing upgrading facility.

30. A process according to claim 28 or 29 wherein said
hydrodewaxing catalyst comprising a ZSM-48 zeolite component and a noble
metal hydrogenating component is used to hydrodewax at least two of said waxy

hydrocarbons.



