2 9 MAR 2007 WD 2004/033595 PCT/ US2003/ 028334 -1- HEAVY LUBE O L FROM

FI SCHER- TROPSCH WAX BACKGROUND OF THE DI SCLOSURE FI ELD OF THE | NVENTI ON

[ 0001] The invention relates to a nmulti-stage process for prozdsjﬂi Eq eavy

| ube oil from Fischer-Tropsch wax. More particularly the inventi é P | at es
to producy84E3%y | ubri cant base stock from wax synPHBYS280OIB4r eact i ng
H2 and CO produced fromnatural gas in_{he presence of a cobalt

Fi scher-Tropsch catalyst, by hydrodewaxing the wax in nultiple stages, with
i nterstage separation and renoval of the lighter material. BACKGROUND OF
THE |1 NVENTI ON [ 0002] The relatively pure waxy and paraffinic hydrocarbons

synthesi zed by the K @VLI%%HUFRW?F%C AROPSFH ¥vA%er a cobal t

catal yst which maxi mzes gher recul ar wel producti on,
are excellent sources of premumlubricant oils, including heavy |ubricant
oil. The sulfur, nitrogen and aromatics content of the waxy hydrocarbons is

essentially nil and the raw hydrocarbons can therefore be passed to

upgr adi ng oper.atj.on i thoyt prigr hydrogenation treatnment. In a

Fi scher - Tr opSShdhoROIIND OB NP IDISLLESURE he  synthesis gas feed react in
the presence of the hydrocarbon synthesis catalyst to form waxy

hydr ocar bons whi ch, when produced over a cobalt catal yst, contain
substanti al IMPUDIGF THBBXYENTIOMI paraffinic hydrocarbons boiling in the
| ubricant oil range, i1ncluding the heavy |ubricant range of 850F+ (454C+).
Fi scher-Tropsch wax refers to the waxy hydrocarbon fraction typically

renoved 2 9 W]?O()zlhcm&%ﬁ/rgﬁ?e%%§ a%‘i'—‘é%%%%ge%g%g’r‘lprb%ﬁcing heavy

lube oil from Fischer-Tropsch wax. More particularly the invention relates to

producing a heavy lubricant base stock from wax synthesized by reacting H; and
CO produced from natural gas in the presence of a cobalt Fischer-Tropsch
catalyst, by hydrodewaxing the wax in multiple stages, with interstage separation

and removal of the lighter material.
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
Iubricant oil range, including the heavy lubricant range of 850°F+ (454°C+).
Fischer-Tropsch wax refers to the waxy hydrocarbon fraction typically removed



fromthe synthesis reactor as liquid, but which is solid at anbient room
tenperature and pressure conditions. The heavy | ubricant fractzi %@r E]ui res
deep dewaxing to produce a heavy | ubricant base stock having a pﬁ bl e

cl oud and Qur ints. Since it's solid wax at anbien ' . Sol vent
dewaxi ng %83@@@833%5 cannot be used. [0003] Various pro?gggggéo%)g%?‘been

di sclosed for catalytically dewaxing these and other waxy hydrocarbons.
Many, such as those enploying a ZSM5 catal yst, dewax by hydrocracking the
waxy hydrocarbons to products boiling bél-ow t he | ubricant oil range. Ot hers
require hydroprocessing to renove heteroatons and aromatics. Illustrative,
but nonlimting exanpl es of various _ catalytic dewaxing processes are

di scl osed i nfromthesyathesis reagter asdiquidytbat vdiialys, sotid at embimt 3eum 6, 090, 989;

6, 051, 129; 5,689,031: 5,075,269 EP 668 B 1. T bl f
hydr opr ocess itﬁﬂpgﬁﬁ“? 8 BresoHi& tco@@'lgp S 'ghe g??é’giﬁ%%‘faé% f‘ﬁﬁﬁﬁn g"egﬁé")‘?r i ??ﬁgpa ?\g\a/ue/;/e
l'ubri cant oi 'deWaﬁﬁigl _itelr}‘;rédhceramefnlngmaﬁtsdselsﬂmkmgbﬂghaggggtﬁﬁgicfoﬁﬂﬁed for a

process that will I'ncrease the yie of a dewaxed, bri cant base

st ock producgeouf poimtsti Sinéeit’sBolig yedx atambiSitiodididony; soHEnt 8EMIhEON [ 0004] The
I nvention relates to a procesg for producing a heavy |ubricant base stock,
by hydrodevvaﬂf?ﬁfsﬁsé'éﬂ%&bﬁ‘ﬁﬁéch wax havi ng heavy hydrocarbons boiling in
the heavy lubricant oil range in multiple (e.g., at least twd) stages, wth
i nterstage separation and renoval of the lighter material. More generally, a
heavy | ubri c§0003]aseVaiasiprocessesdeavhbeémilisploset for rRgtabytivaliyiesiasingas from
natural gas,. (b) reacting the H2 and COin the gas in the presence of a
cobal t Fi schdhesepnd othas wasy ivdsecarbgns, Many, sicheastbpse emplovinga £8¥E5t o

Wi ch ar e ny Pehetaas BAo RIS fod eb FrdiGaithond W hGBls Bt 00, | o,
and removal - Geldvthe labcR oA rindFORRATreqHIR BMHpRREMy BEkMR003/ 028334

heteroatoms and aromatics. Illustrative, but nonlimiting exarmples of various

catalytic dewaxing processes are disclosed in, for example, U.S. patents
6,179,994: 6,080,301; 6,090,989; 6,051,129; 5,689,031; 5,075,269 and EP 0 668
342 B1. The problem of severe hydroprocessing and low product yield is
exacerbated when dewaxing a heavy lubricant oi} fraction to an acceptable clond
point. There is a need for a process that will increase the yield ofa dewaxed,

heavy lubricant base stock produced from Fischer-Tropsch wax.
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



3- material. In another enbodi ment the invention relates to (a) producing a
synthesis gas fromnatural gas, (b) reacting the H2 and COin the gas in the
presence of a cobalt Fischer-Tropsch catalyst, at reaction condiMARR0S

effective {Vﬁ zgéydggga?si ze waxy hydrocarbons, including a]:[‘é]{lﬁ%to%gogmlg?i ling in
u S

t he heavy ricant oil range, and (c) passing at |lea VY fraction
to an upgrading facility in which the waxy, heavy |ubricant oil hydrocarbon
fraction is hydrodewaxed in at |east two stages, with interstage separation
and renoval of the lighter material, to3produce a heavy | ubricant base
stock. A process in which natural gas is converted to synthesis gas which,
in turn, is converted to -hydrocarbons, is referred to as a gas conversi on
process. Thusnateiils Ieabhotierembodimentthesnventiongalatesan ey miodncipgacess pl us

product upgradi .by hydrodewaxi ng.,. The, hydr odewgxi rocess conprises (i)
Py dr odewaxi ndYRUBEsiSgas fom aryral gasy (b) regd 665 and GO dnihegas Bdhorising a
partially de;f@é%% Pl 0l i Eﬂ?‘% A% 3] 4 N0

hydr ocar bon racg?%ﬁfyt{?llg s%%ge?gt@%%htc%{eag)g&’téﬁe rgé%tolhons, .Sggfgu(ll 1)
further hydr gaethesiize oraki dyaichitons,)intlydingdefractivgl Hodling in thellicaeant oi |
fraction in at, | east_one additional stage, to produce a heavy | ubricant

base stock. [eussnt oi} rangs: awd (G passing at Iness the hosxy faefion e an apgrading i al | y

dewaxed heawy.:|: [ ' r ' I e .C e ] ogen and a
hydr odewaxi n\gxclic1 taI@pﬁf%a{va@é\%}%xggﬂlr?glgﬁtf%ﬁ%ﬁgﬁg‘%@??@éﬁ ig'on, and not
by hydr ocr ac lytebdewhited irPatQbast wo SR8 iwith inbdratays iepasitivh @l réildval ofrhi ch

dewax nostly by hydrocracking the waxy nol ecul es, particularly a heavy
| ubri cant fr dke lighter materia),do peeduse adicpvy lubniganidiasevstoek. depracess iprwliok t

range. A hydrodewaxin cat al,yst risi ZSM 48 zeol it ZSM 48
zeolites her &aﬂ’rﬁaﬂsdgﬁomfﬁo %ﬁﬁggﬁgﬂf ‘%Rﬁs‘“ i‘%‘FPné’Fgeglt uctural |y
equi val ent) ARRBAINs 33 e fRrred XS hOL §AGEdRErs Qe ’Iﬂiﬁ,sﬂﬂ@@lﬁb&ﬁwéﬂtt o be
particularly Oseful 1nthe process of the invention and Is used I n at | east
one, and pr efrelatesity aglak cafiversien process plus product upgrading by hydrodewaxing,

The hydrodewaxing process comprises (i) hydrodewaxing the wax or waxy feed,

to produce an isomerate comprising a partially dewaxed heavy lubricant oil

fraction and a lower boiling hydrocarbon fraction, (ii) separating these two

fractions, and (iii) further hydrbdewaxing the partially hydrodewaxed heavy

lubricant oil fraction in at least one additional stage, to produce a heavy lubricant

base stock.

[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



hydr odewaxi ng reacti on stages. By heavy lubricant fraction is neant 2 9 MAR
2007 WO 2004/ 033595 PCT/ U52003/ 028334 -4- hydrocarbons having an initial
boiling point in the range of from about 850- 950F (454-510C) 7gnvipangrend
poi nt above 1, O0F (538C). A heavy lubricant base stock has an initial

boi | i ng pAVAR00EPI3EES | east about 850F (454C), an end p8FRUSIWHIESR cooF
(538C), preferably above 1050F (566C), and cloud and pour points bel ow

t hose possessed by the raw, unprocessed, heavy fraction in the

Fi scher-Tropsch wax feed entering the frAst stage, and any ot her stages
between the first and | ast hydrodewaxi ng stages, of the nultistage

hydr odewaxi ng process of the invention. The initial and end boiling points
val ues r ef er hgdrocarbohe hevingandnitiahboiting potht e tirrrahige bhfrofbatioud 8365 cut

Uei no t hz- nr G807 e 10°Dimdset <o oy abgse 110981 (BRASKSIe A hestoyubrionntcant
f ' ' : . . | f ' drod d
o Tower 1 s Dpatroptfls T Bt Rl i oot B0 B0 R0, IO T o )

dewaxed, but ppfiit aBsve DV0OF fm%g,sﬂremlampubow&oim%ss%), lafid fdtidamad by
further dewaxing the partially dewaxed heavy fraction in the next one or

nmor e successipour pgidtsdilowithosg possessadory the agwsungroosssid, Heavy fractioreinathieng
t of £ he hyd [ talyst wijl ' t G
VT et al CaRisenrt oumgh ek tort R ing Bie At wouse A2H any Qe agen beRbRR and
pal ladi um  Thyg f5¢ahd 14t h*&%ﬂéw&ﬂﬁ%ﬁﬁg&t, 'ofﬁlcsﬁlﬁﬂﬁﬁig@rhgfd?od eéwaxi ng
ly b me (e. g, ZSM

catal yst that dewaxes npDsS y is I zation . conponent and
a nobl e net apreespofthetihventian. Ihennitialiawt ¢ral poilidg peinteealyes tefirrédtant base

t ocks, havi tably. | I | nt, i t.h | atively high
or oduct yi el Befeah gte nEL ) iefer o e Toand do3 cabpvarspnedbYiggr ocar bons
boi | i bel bt - At o .
h;ljrl)ingomeeri za{ I on geé%:i_tdl onﬁgﬁgg‘g, g\/en %ﬂ ﬁ h m%#%%@%ﬂg%‘g'nggt al yst

partially dewaxed heavy lubricant fraction is meant that the heavy lubricant

fraction has been hydrodewaxed to lower its pour point below that which it had
prior to being partially dewaxed, but not as low as the desired pour point, which
is achieved by further dewaxing the partially dewaxed heavy fraction in the next

one or more successive hydrodewaxing reaction stages.

[0006] The hydrogenating component of the hydrodewaxing catalyst will
comprise at least one Group VIII metal and preferably at least one noble metal,
as in platinum and palladium. The use of at Ieast 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

Iubricant base stock oil. The multiple stage hydroisomerization process of the



conprising a ZSM 48 zeolite conponent and a noble netal hydrogenation
conponent, has been found to convert substantially nore of the heav
fraction, to |ower boiling hydrocarbons and thereby produceszﬂgé%zﬁﬁ t he
desirabl e heav | ubri cant base stock oil. The nmultipl

hydr oi sorre‘?’sfgt‘%/‘{omgsprocess of the 2 9 MAR 2007 WO 2004%%@31028334

PCT[ US2003/ 028334 -5- invention also permts each stage to operate at a

| ower tenperature than that required for a single stage. This results in

| onger catalyst life and the production-30f a |ubricant base stock
containing | ess aromatics and other unsaturates, than is possible with a
single stage. This neans that at nost only very mld hydrorefining of the
base stock i investion plsd parndits pach stagesfoopeate atlwéxwaganpérature thawthatess of the
i nvention. [00071,The progcess of.t.he invention i articularl seful for
pr oduci ng heéwm?ﬂ&?ﬁ?g‘gﬁ& 2% @‘65‘1‘@“&?%%%"& tJFéS&Hd%KWgHFH%i nts.
The use of a p@@éi KR i e G pATOIN nt and a
hydrogenatior?fggﬂnﬁg%cﬁgn , eSFt%m nat es ?Ee ne%@ﬁ%rﬂﬁ%otresgﬁﬁggo@m'

hydr or ef i ni ngossilele with a sinpleestsged This ateans fhropsmbstwnty vessdmild r emove.
oxygenates prior to .the dewaxi ng. The process of  the invention elimnates

the need for hyerorefining pEthechnse stosknyraasuedand Rys isapethar adnentagaet b8, and

catalytic o Y q?% i ng steps prior to hydrodewaxi ng, which are
taught in thér%r%%sor & aﬁgﬂ‘whi ch substantially reduce product vyield,

particularly of the desired heavy |ubricant base stock. DETAILED ‘
DESCRI PTI ON [ 0008] The hydrodewaxj ng process  of the invention is described
above as col7i ngheiprpesss of thesinwenttands pasticulpriy usgbal forproduging heavy

non- ohi 111 ng MR bass BE 2R WHTE oy Hofla B8 Bohe SR, YeaB8OER ot co,
unsat ur at-es—pdrydeRERiRVATlfIroehipeising aZSM=48-zeolite component and a ‘

hydrogenation component, eliminates the need for hydrotreating or’

hydrorefining the raw, untreated Fischer-Tropsch wax feed to remove

oxygenates prior to the dewaxing. The process of the invention eliminates the

need for one or more separate hydrocracking, hydroisomerization, and catalytic

or solvent dewaxing steps prior to hydrodewaxing, which are taught in the prior

art and which substantially reduce product yield, particularly of the desired

heavy lubricant base stock.
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 cobalf 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



oxygenates), before it is passed into the first hydrodewaxi ng stage. This
wax or waxy, Fischer-Tropsch synthesized hydrocarbons (these terns are used
synonynously herein) is hydrodewaxed in a first stage, to produg®ARnj

i sonmer at e conprising a partially dewaxed heav oi
fraction, ‘gﬁﬁ&h%ﬁg%% boi | i ng hydrocarbon fraction. TH%%“%%@PI%ﬁFy dewaxed
heavy Iubrlcant oil, which 2 9 MAR 2007 WD 2004/ 033595 PCT/ US2003/ 028334
-6- now has a cloud and pour point |ower than the heavy |ubricant fraction
in the wax feed, is separated from t he-Power boi | i ng hydrocarbons and
passed into a second stage, in which it is further hydrodewaxed. The second
hydr odewaxi ng stage produces an isomerate effluent conprising (i) a heavy

| ubri cant oi nowrhasta cddoud amd powy pointidwanthap dhe hmydubntm&actlhmm theat

et cant 1 rta@?‘.ffs 3 sGuuflea it e her BT Rétrosarhont and pavet dkaans. 1 an
embodi ment %ﬂ%&é@ninywhi@ﬂ itisARRertyflrodtoRited! ﬁﬁb%@dﬁﬂ ba&Rking SOMET at e

pr oduced |n t e second stage conprise a heavy | ubri cant ‘base stock havi ng
the desired stagegraduiepan isopwrate effludnt tomprising {Qtadmsvydulmmedﬂ fraction

t he- separ at eﬂgsecu dst age- heavy- | ubri cant |so at sed tg athird
stage for %,POFESB? "thﬁbp rﬁtaﬁﬁa’%'a (11}t ock,
and so forth %11,%1 The
partially hy evvaxe% @é@ﬁﬁgr?@%ﬁ r?%(!l)ﬁrzgaa n %‘la%"rsff%‘?ﬁ& ied in

the first stiage ilingehydebitbopsshes mbadm:bﬁtmavmﬁ @Mna@ytagm&essn ve
stages, with interstage separation of the heavy and | ower boiling

fractions, tus¢sh Shrukeavy lubrcans isomerste aredused in theserondhstagheomprisss a

e R PR LAEE RN oAUl RO MR oy Bl s, o

react i on - progdiigtsareifded, Rt Separted Bedontdtage M SRS Ribkichirt lséﬁf:ﬂ@lstlﬁsébdsepar ate

hydr odewaxi ng reactor. A heavy |ubricant base” stock produced this

Y age o b adhirg stagnfoemote by bpdemasins, toparbe dhe heay Tubricant base
stock, and so forth. Thus, the wax feed is passed only into the first stage. The
partially hydrodewaxed heavy lubricant oil isomerate fraction produced in the
first stage sequentially passes into the second and any successive stages, with
interstage separation of the heavy and lower boiling fractions, to produce a
heavy lubricant base stock that has been hydrodewaxed to the desired pour
and/or cloud points. By stage is meant one or more hydrodewaxing reaction
zones, with no interzone separation of reaction products and typically, but not
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 Iubricant 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 fo 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



conditions, to inprove color and stability, to forma finished |ubricant
base stock. As is known, haze is cloudiness or a |lack of cl rité, and is an
appearance factor. Dehazing is typically achieved by either 8 & 12087i ¢ or

absorptive to renove those constituents that r ' I ness.
Hydr of m sh%{o&g{ggsg\?ery mld, relatively cold hydrogengﬁﬁh%m%’?%ggés, whi ch

enpl oys a catal yst, hydrogen and mld reaction conditions to renpbve trace
anounts of heteroat om conpounds, aromatics and olefins, to inprove

oxi dation stability and color. Hydrofini-dhing reaction conditions include a
tenperature of from 302 to 662F (150 to 350C) and preferably from 302 to
550F (150 to 288C), a total pressure of from400 to 2 9 MAR 2007 WO

2004/ 033595 POU0 YSiR0 (28 B3V 86-kPa), adiyiphowly §p2486 Yeloeity Faiging Bom 04 | i qui d

h I | acj.t ' f Q.1 to,5 LHSV (hf" d ferably 0.5
Lo 3 NP Tdo AydRS i D BT beiu O tnid B rWheglykoken oer) Beblaiond L1 B
44.5 to 178 . | 11 | d
one or nor ¢ caey S0 25015 f0R08 oL (M 3 o ABBRISTEY) Cr ARG RTRARRE TV

and/ or iron grsuppoftNomposntid die oraiire carlydicsmétal comfonen®d ofanetabfidhd | . The
Goups VIBand VII| referred to herein, refers to Goups. _VIB and VIII as

found in the GoupeYIB\MaVPEr) aul/er imabgreup (Ni, Keo)mndfarmoble wetals PyRBd i n

rocent 1 omCHoRb it S GRS ViR o VIE e RLAER, pétees fiRNE ™0 o
0 e ystconNPOSyEPidVINGE foéhd Indth8Bhdefit- WRIEH Périclc TUBRAYfithe FRrkédt@! S are | ow

in acid and include, for exanple, anbrphous or crystalline netal oxides
such as al uricopyrighted dm 1968 by the SargentrWelhdcidntific Cempanypolke metalsral | i ne

e Ko S RE RO O AL L T L S s ° 2
di scl osed—+efo%iK 9B fire ¢catalstooniisRidh Tornohino biE tetdls 2 Pfeferdd SBport

materials are low in acid and include, for example, amorphous or ¢rystalline

metal oxides such as alumina, silica, silica alumina and ultra large pore

crystalline materials known as mesoporous crystalline materials, of which

MCM-41 is a preferred support component. The preparation and use of MCM-

41 is disclosed, for example, in U.S. patents 5,098,684, 5,227,353 and

5,573,657.

[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



5,573,657. [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 hydrodewaxi ng sHRg&@ihay
contain mnor (e.q., less than 50, preferably less th e
preferablﬁ”?é@?m@%g% 5w. % anounts of |ower boilingqﬂég?@gg% d%s. It is
preferred that, after the first stage, the anmount of |ower boiling

hydr ocarbons renmaining in the separated heavy fraction passed into the
second any successive stages be as | ow a8-possible. This will be determ ned
by the type of separation used (e.g., flashing or fractionation) and the
requi renments of the process. In each stage, a portion of the heavy |ubricant
fraction i s ssof adewaxingwatatyst compiising alZSvietthzdndite cmnpbneng abdlaow t he heavy

| ubricant boili ange. However, and as shown in_the exanpl es. bel ow, the
conbi nati on ﬂefg’%@i%&%mtégﬁ’%ﬁWBWH@e&t@%@lw tﬁiﬁé’af“t‘i‘b tion and
the 2 9 MAR M“aﬁmsg’%ﬁ"%@%P%%%np)%ﬁgnt?“%f %sta}gg use of a dewaxing

catal yst conprising a md a° preferably noble netal
hydr ogenati ng conponent, mnimzes this valuable |lubricant |oss, as

conpared to the use of only a single stage, [0010] In the, hydrodewaxi ng
reaction, thdO®r alndh@hwir@dswmﬁpg regctionghe peut andelopd poings g lowsrask i zi ng

| somer  zat | of e SbAdaf SO PBUBE WS b b ok P dn ey, .
hydrogen congifhiduihthé SomepatedryisicOfdRdted i preSerice f hiy@rogeh thefeSit age and
final separation of the heavy |ubricant hydrocarbons fromthe | ower boiling

kydr ocar bons nethydroge eenspynptioglin a pyrely isomsrization reactionly dntexstagerandg r eacti on
d conditions | oyed. in e, process of ,the invention.includ respective

t enper at ur e, ﬁﬁ?@éﬂ%ﬁ‘ﬁ%ﬁgﬂwgﬁ‘i&?@t hydrogptbons b@?‘bg’retq?wﬁlf ﬁ‘&@f’ﬁ rangi ng
from . —hym?cmbonsﬁmlﬁmd-byﬂaslﬁngwﬂmmﬂymﬂewmg reaction

conditions employed in the process of the invention include a respective

temperature, hydrogen partial pressure and space velocity broadly ranging from
450-’?50°F (232-399°C), 10-2,000 psig. (69-13790 kPa), and 0.1-5.0 LHSV. -
These conditions will more generally range from 500-700°F (260-371°C), 100-
1000 psig. (690-6895 kPa) and 0.5-3.0 LHSV, with a pressure of from 200-700
(1379-4827 kPa) more typical. |

[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). It 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 ‘



450- 750F (232-399C), 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- 1000
psig. (690-6895 kPa) and 0.5-3.0 LHSV, with a pressure of fZgmMiAR0Ma7700

(1379- 4827% typical. [0011] A heavy | ubricant f the
I nvention 1’@3@% dewaxed oil having a kinematic ngf:’ggﬁ’w&g?ﬁlooc of

at least 8 cSt (centistokes), an initial boiling point in the range of at
| east about 850-950F(454-510C)), with an end boiling point greater than

1, 000F (538C) and typically greater thar2050F (566C). It has | ow
tenperature properties able to neet target specifications or requirenents.
Its pour and cloud points are |ower than those of the heavy |ubricant oil

fraction in t ha50%kK(6758¢),anith respectivercloudatedpoiirymints afdSCandt-3 E¥Cphasf t he
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an antiwear additive, an extreme pressure additive, a pour point depressant, a VI
improver, a friction modifier, a demulsifier, an antioxidant, an antifoamant, a
corrosion inhibitor, and a seal swell control additive. The heavy lubricant base
stock used in forming the mixture is typically one that has been mildly '
hydrofinished and optionally dehazed after hydrodewaxing, to improve its color,

appearance and stability.

[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



suchl additives include one or nore of a detergent, a dispersant, an
antioxidant, an antiwear additive, an extrene pressure additive, a pour

poi nt depressant, a VI inprover, a friction nodifier, a de Mﬂ oy an
antioxidant, an antifoamant, a corrosion inhibitor, anlgl ﬂF%’% 0 3@?
control ad¥AW3Phe heavy |ubricant base stock used | M RG-L he

m xture is typically one that has been mldly hydrofinished and optionally
dehazed after hydrodewaxing, to inprove its color, appearance and
stability. [0012] The waxy feed or wax f&-into the first hydrodewaxi ng
stage conprises-all or a portion of the waxy hydrocarbon fraction produced

in a Fischer-Tropsch hydrocarbon synthesis reactor, which is liquid at the

reaction congiphi ﬁ[&ﬂreféralbtyﬂéssctbmaﬁ) Rpply of sulfirriop métrdigen inrthe fdroy 6f dtOfF
(538C) to6 produce ,the heavy |ubricant base stock conposition qof the
i nvention. | tmem sulfysand piggen-bearing sompeundso dethods torgemontig nitragtesi s

rocess, |iquj as r rb Qduct s farmed b ontacting a
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catal yst, in dikdlédedtiiefor BXapld, OF.pReds 6,084 80T 61680681 $203,358dRd shifting

or non-shifting conditions ‘and, in the process of the invention, under
non- shi f t i ng 58%4614.ohsthe prevess of thetinventiony thasobalh Fissher-Eropscly catalyshit er gas
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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
hydrocarbon synthesis processes are well known and documented in the
literature. In all of these processes the synthesis gas is reacted in the presence of
a suitable Fischer-Tropsch type 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, Shurry 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 |



Re, Ru, N, Th, Zr, Hf, U M and La on a suitable inorganic support
material, preferably one which conprises one or nore refractory netal
oxi des. Preferred supports for Co containing catalysts conpr?&él/-\ﬁ i20Hni a,

articul ar | oye a s1 on synthesis process in ' | ecul ar
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wei ght, no inic liquid hydrocarbon products are desired. Usefu
catalysts and their preparation are known and illustrative, but nonlimting
exanpl es may 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 x&d Ped, fluid bed and slurry

hydr ocar bon synthesis processes are well known and docunented in the
literature. In all of these processes the Eég%?esis as is reacted in the
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one at nosphere (101 k pressure. Slurry Fischer-Tropsch hydrocarbon
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hydr ocar bons useful for |ubricant and heavy | ubricant base stocks. I n order
to achieve this, the synthesis reactor is operated under conditions to

produce at | ef943]14 oa hydrooirbdlBFntheds picess/chnduated amdepronshiffifigpounds  of
OO et ROy 20 o 0%, RGBS s o
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hi gh 700F+ -(-3abbfit-211yHr The syanhesippgacsonprising £ udkitrd el H, had¢ COpayvebintor a
slurry hydrocarbon synthesis reactor, . )

the reactor (injected or bubbled up into the bottom of the slurry body in a slurry

synthesis reactor), in which the H; and CO react m the presence of the Fischer-

Tropsch hydrocarbon synthesis catalyst, at conditions effective to form

hydrocarbons, a portion of which are liquid at the reaction conditions (and which

comprise the hydrocarbon slurry liquid in a slurry reactor). In a slurry rcactor;

the synthesized hydrocarbon liquid is separated from the catalyst particles as |

filtrate by means such as simple filtration, although other separation means 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., Csi-Cao) and preferably C,p. paraffins, in

a fixed bed or slurry hydrocarbon synthesis process employing a catalyst

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



using a catal yst having a rheni um pronoted cobalt conponent and a titania
support conponent. By non-shifting is neant that less than 5 wt. % and
preferably less than | wt. %of the carbon in the feed CO i< ¢Mkvalied to
Cx2. 00131 1ln hydr ocar bon synt hesi s process conduct nshifting
condi tions 2[0914’02355%balt catalyst, the nole ratio of thlggwg%gﬁ%@i‘n t he
synthesis gas is preferably the stoichionetric consunption nole ratio,
which is typically about-2.1/1. The synthesis-gas conprising a m xture of
H2 and COis passed into the reactor (t+Hected or bubbled up into the
bottom of the slurry body in a slurry synthesis reactor), in which the H2
and COreact in the presence of the Fischer- Tropsch hydrocarbon synthesis
cat al yst, at pressotes iandhoefly gas spaee tveldeitienin thedraagaobfiom atloud 6204600°Bf whi ch
are liquid at_the reaction conditions (and i i se_t he hydrocarbon
| o sedd ( Ry

whi.ch
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hydrocarbon synthesis reactor as overhead gas, along w th unreacted

synt hesi s gaf thenimveatiasy tke waxy hydiocarbonsiox wax Seademay be ipseduceddn head
hydr ocar bon vapor are, tv.pi cal l y. condgnsed to |iquid and conbined with the
hydr ocar bon [ \ﬁw,éixefiiqrmﬁqtfﬁésgﬁq{gﬁpw i T5RC85i 1 i ng point of the

synt hesi zed hydrocarbons renoved fromthe reactor as liquid wll vary
dependi ng on whether or not sone of the condensed hydrocarbon vapors have
been combi ned0014]h iA portyaty oftthe hydrocashonk egitbesizedcinghe Fisvher-Tropsclvar y
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condense and recover some of the synthesized hydrocarbons that are vapor at the

reaction conditions, and all or a portion of this condensate may be combined -
with the liquid effluent. Thus, the initial boiling point of the wax will vary,
depending on the reactor, catalyst, conditions, amount of condensate combined
with the liquid efﬂuent,' and the desired product slate. This will aiso result in
some variations in composition. The entire wax fraction removed from the
synthesis reactor as liquid (e.g., 400-450°F+ (204-232°C+)) 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] In the illustrative, but nonlimiting examples below, the wax was

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



-12- pressures and hourly gas space velocities in the range of from about
320-600F (160 to 315.6 C), 80-600 psi (552 to 4137 kPa) and 100- 40, 000
VI hrN, expressed as standard vol umes of the gaseous CO and H M1t e (60F

(15.6 O, é’foa%"{’?é“:’ggg hour per vol une of catal yst, respegé#légg&%éﬂgtehe

practice invention, the waxy hydrocarbons or wa

produced in a slurry, fixed or fluidized bed Fischer-Tropsch reactor.

[ 0014] A portion of the hydrocarbons synthesized in the Fischer-Tropsch

hydr ocar bon synthesis reactor that are nds mal |y gas or vapor at the reaction
conziititsns~e-typically ntrainedin the liquid of uetit:--The vaporous
effluent fromthe Fischer-Tropsch hydrocarbon synthesis reactor may be

cool ed to cowdeltsatalysthavingaditarse seppdrt cdmpanent, hadi andditiay bollingieintoft hat

ondencar o relpueet oot HatSPE (4 R25190  shat BT R Fhes b o

boi | i Nt erof : _ . L
condi { Pons, 53t ap B 4385 50 pR6duce BRRAE yafiecyeationd At Bt plrbiEd” |
desired produeith sHedtigherTuikngyiliguiditerotor effident.i Thisseaecomprisedi mae than

ition. Th ti f ti df th t hesj t
[quid (e.g. ,50Nb Ageratling puthEom s wa o povacaaics ang 2rhpt yadlgmns,
hydr od [ : ' f d a d
T om t he vex ER3Ey depefifiediftne $0itHoR cphdpfy TARGRMGA eichor BrecfaBIE ©

Therefore, i rby NeRanagsis. The Wi donvainéd Iegs thahd wppmiseliur adlesehahilr st
hydr odewaxi ng reactor, may or may not boil continuously fromits initial
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[0015] In the illustfative, but nonlimting éxanpl es bel ow, the waX was
produced i n asaliunoartfde (todormraoptyltene) fdlowed bycGGtMiSHE the wateh eomtent isr onot ed

less than about 200 wppm. For greater than 200 wppm water content, the Karl-

Fischer method in ASTM standard D-4928 is used. Aromatics are determined

by X-Ray Fluotescence (XRF), as described in ASTM Standard D-2622. Sulfur

is measured by XRF as per ASTM standard D-2622 and nitrogen by

syringe/inlet oxidative tombustion with chemiluminescence detection per

ASTM standard D-4629,

[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] Ilustrative, 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,



2 9 MAR 2007 WD 2004/ 033595 PCT/ US2003/ 028334 - 13 cobalt catal yst having
titania support conponent, had an initial boiling point of between about
430- 450F (221-232C). Lower boiling naphtha hydrocarbons (C5%3URt#07%430 or
450F) prod e synthesis reaction, were not CO”Wd’;%ﬁzodMoEﬂsl he hi ghe
boi l'i ng, I#ﬁ%ﬁ%%\r‘gﬁtor effluent. This wax conprised nore t %
paraffins, with from2-4 w. % oxygenates and 2-5 w. % ol efins, Wmch var
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depending on the reaction conditions. Ar tics were not detectable by NWR

anal ysis. The wax contained | ess than 1 "wppm sul fur and less than 1 wppm
nitrogen. The wt. % oxygen from oxygenates is rreasured by neutron
actlvatlon I n conbl nati on with high-resolution 'H-NVR The total oxygen
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cal cium car blagﬁ ene) followed by GC-M5 if the water content
Is less than réﬁ@;;ﬁ%&%@%&ﬂ or greater than 200 wppm wat er content, the
Karl - Fischer nmethod in ASTM standard D-4928 is used. Aronatics are

determ ned ‘by X-Ray Fl uotescence (XRF), as described in ASTM St andard
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~—beeither naturally oceurring orinthe forarof 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
given process so that products can be obtained economically and orderly without
employing other means for controlling the rate or reaction. Freqﬁenﬂy,
crystalline silicate materials have been incorporated into naturally occurring
clays, e.g., bentonite and kaolin. These materials, i.e., clays, oxides, etc.,
function, in part, as binders for the catalyst. It is desirable to provide a catalyst
having good crush strenéth 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, Qeorgia
and Florida clays, or others in which the main mineral constituent is halloysite,

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

a



ZSM 57, ZSM 22 al so known as theta one or TON, and the silica al um no-
phosphat es known as SAPO s (e.g., SAPO 11, 31 and 41), SSZ-32, zeolite beta,
2 9 MAR 2001 WO 2004/ 033595 PCT[ US2003/ 028334 -14- nordenitel hH8R e earth
i on exchan {@Rkd te. Al so useful are alumina and a IL.lica
alumnas. [O %Jé)]%%sgﬁi n the case of many other zeolite cgt%gﬁ{}g@??%?{“ may be
desired to incorporate the solid acid conponent with a matrix material al so
known as a binder, which is resistant tpcthe tenperatures and ot her
conditions enployed in the dewaxi ng process herein. Such matrix materials

I nclude active and inactive materials and synthetic or naturally occurring

zeolites as well as inor,gani. mat.eri a sych as clays, .siljca,and/ qr netal
oxi des e.g., OEEH}??IX&PIHFHg’H S'Hﬂﬁct?‘%g)- gqﬂglﬁ@p%tagfqy?emn oF shemapdl_ e

f orrwof gd- at igngi#iedtRi Pitates, sols or gels including mxtures of silica
and netal oxides.' Use of a material in conjunction wth the solid acid

conponent, i.e., conbined therewith, which is active, nmay enhance the
conversi on and/or. sel ect|vi t%tgf t he .catal yst herein active nmterials

n, |
sui tably serV@0ZY qilngddition @ the faregping materals the salicagid epwmanent e €gi ven
process so t C, A 0A ' | @ﬂﬂ rly w thout
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crystal l'i ne sndgnesibesiliba-eircais, sikiosethbeie silic-bémlliakititaltithnia gl welbhs v
occurring clays, e.g., bentonjte and kaolin. These materials, i.e., clays,
oxi des, etc. tempryeampasitions sygh as silisaglumian-sheris, silica-awninayzirconga,j s
desirable to vhde. St I n ed._crush engt.-h since LN a
pet rol eum refsﬁ{?&aﬁ?lﬂg'@gé%%as?nq gﬁeé%'f@?qgséﬁ r'é‘glfla‘t ?h%(%“ N ﬁgﬂﬁfzﬁt}w\mi ch
tends to bredglmi Bfa¢ogel Wixtaewof theb® chrfipsiRints ddnkdtsdBé B8dda| Bheelgivecause
problens in processing. [0019] hbtuyallz occurring clays which can be

conposi ted mmm@ﬁﬁmlwmde shcomponenttend inorganic oxidelgebni t e and
kaolin fam | Ir&a%imtagthlié]eﬂ/ %&1 tilg %rystalline silicate content ranging from about 1 fo

about 90 percent by weight, and more usually in the range of about 2 to about 80
percent by weight, of the composite.

[0021] It is preferred to use a hydrodewaxing catalyst comprising a ZSM-48
zeolite component and a hydrogenation component (ZSM-48 catalyst) in at least
one stage. This could be any one of the two or more stages. In a more preferred
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 Groﬁp 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 VIl
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



sub- bentonites, and the kaolins comonly known as Di xie, MNanmee, CGeorgia
and Florida clays, or others in which the main mneral constituent is
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originall y‘fhé?ﬁgo( or 5|2n| tially subjected to calcination, ggimgz'{(’s’ﬁ?gfﬁent or
chem cal nodification. [0020] In addition to the foregoi ng materials, the
solid acid conmponent can be conposited wth a porous nmatrix material such
as silica-alumna, silica- magnesia, si Tmé-zi rconia, silica-thoria,
silica-beryllia, silica- titani a, as well as ternary conpositions such as

%AHEEZZ %Sg“ezhaaéi‘é’#eé&wﬁ at o, LS RO HE PO pneothp ﬁé&&é‘ﬁsg‘;‘?”%' @ and
pr)c():)lcj);telso(rjls ??‘E@?’n%?%%ﬁé%gﬁalﬁ%é@f*@ coﬁ%glr‘\eéri;'?- é\lcé?tg nic O}A’de gel

matrix vary WQONI andvzsm-zsqeanqrsmtaﬂ lg;mogedauﬁgten@@ﬁéﬂntlt isadl§p aipetiopt about
1 to about 90 percent by weight; more usually in _the ran e of about 2

to about 80 Hsésmerphopy sil aglumme(ZQ%emh@a}pdsth@e expermpnts; e/ SV eA&rred to

use a hydrode cat al r 4 zeol | onent nd a
hydrogenatlonwm r(ey ﬁpﬁgggoa]'}xgw tOleOﬂ?&*o&&clu%ﬂgigé%ﬁl% s coul d
be any one Ofﬁédﬁ%ntﬂf@dﬁuoﬁpwm&trﬁ%% 1edsra.-oﬁvémiroﬂ tB H&fcraﬂsbnsejmmg Ba&pd, the
ZSM 48 catalyst is'used in all of the sjages. In,this enbodi nment, the ZSM 48

catal yst is abehlbmanwﬂ ORNBRAR Bt h650ﬁ>59 F@@-ﬁﬂ? c@-)) awchless nemtemson ofvy

| ub f I | u d h
one or or o St SRRt S AR bl he G T Attty BRAFIIER so°ar
| east one G qujy. Yool 606H%-: mmsém%ﬁr@oweﬁi&i Psbéﬂmﬂat@alabé‘ord@ rthé/' I

met al conponent, as in Pt an ﬂgg concentrations w range
f r om about —e—fmﬂMg-ﬁnﬂﬂndhhﬂelﬁ&owmmmﬂﬁ -t)addnwefsnmsaa)qnﬁclﬁb 2-1

example.

700°F+ conversion = [1 — (wt. % 700°F+ fraction in product)/(wt. %
700%F+ in feed)] X 100

[0022] The preparation of ZSM-48 is well known and is disclosed, for
example, in U.S. patents 4,397,827; 4,585,747 and 5,075,269, and EP 0 142 317,
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. Miuvstrative, 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 aluaminophosphates 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



wt. % based on the total catalyst weight, including the ZSM 48 zeolite
conponent and any binder used in the catal yst conposite. The ?o’@@ VI
referred to herein refers to Goup VIII as found in the Sarge 13- NAg) BB

Peri odi c I e Elenments copyrighted in 1968 by t ar gent - Wl ch
Scientifi C-Rﬂg:cz)ﬁr%gélsf.wl-lydrodewaxi ng experiments conduct ed’%%ﬁo /028334

Fi scher-Tropsch wax 2 9 MAR 2007 WD 2004/ 033595 PCT/ US2003/ 028334 -16- have
reveal ed that the ZSM 48 catal yst is superior to others, including, for
exanple, rare earth ion exchanged ferriel{te, nordenite, zeolite beta,

SAPO- 11, TON and ZSM 23, all using a Pt hydrogenating conponent. It is also
superior to _Pd/amorphous silica alumna (20 %silica). In these

experi nment s, Btiea zEgitedsta and artslystensuprisieg Beor smpyphons silicealunaivg, oi |

production, includin e L ubr j fractd roduction ich neans | ess
conversi on t&gﬂ oﬁr%&%ﬁ%ﬁ?sﬁah%%fg%@ﬁ1&‘%d@f’%ﬁﬁ{m@q ﬁ'?m%‘?&ewise. g.,
650- 750F-(34%039&%&1%Wﬂ%daﬂfo‘ils%ﬂi&%rﬁitﬁé‘ﬁfbﬁsmhgé heavy hydrocarbons to
hydr ocar bons boiling bélow the heavy |ubricant rFange (e.g., 900-1, 000F*

(482-538C+)). Conversion is calculated according to the

--oliewn. g-arj tic-relation-ysing-&F+- (3?1 OCt) conversi on a specific
exanpl e. 700Fﬂ16 nvépéf‘%ﬁon—tefthﬁﬁw eghigm dhe tormg o Y@'ﬁ'gf”h fﬂ‘gm%%. %
700F+ in fee % :% 5@&3[{ ] g@%%@ d{% %!; nown and i s
di scl osed, f?fehté(sa%g‘fg, |ﬁﬁ\3;g.§n%a n cgélﬂlggg‘%fe oo ) b%éé{c] 5,075, 269,
and EP 0 142 cgifaining kreatdgasonvldeh issstredt gabstbara containing hpdrogedihai ei n by
reference. O her hydrodewaxi n% catal ysts useful in the practice of the

i nvention, i AEIwAbatingst spificiens Tokihe infendasd actionssplys offer lg_a&ﬁhgassw ly by
and tvel ve. mifiBerirecr d IERE RO DPuBony AR AL B M B AT "0 1"

parti cul ary-inteeerecwithiofratfevtdifieAthe reactions orthe products;” The treat gas stream

introduced into a reaction stage will preferably contain at least about 50 vol. %,

more preferably at least about 80 vol. % hydrogen.

[0024] In the integrated process embodiment which includes synthesis gas
production, the synthesis gas is produced from natural gas and contacted with a -
cobalt Fischer-Tropsch catalyst to produce the waxy hydrocarbons, which are
dewaxed by 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 H,:C mole ratio required when using a
cobalt Fischer-Tropsch hydrocarbon synthesis and preferably one that is non-
shifting. Sulfor 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.



catal ytic netal hydrogenating conponent. Illustrative, but nonlimting
exanples of suitable zeolites and other catal yst conponents usef ul Bor
hydr odewaxi ng include, for exanple, rare earth ion exchangecﬂﬁﬁﬁpr i@ ite,
nordenite, he mna, zeolite beta, ZSM 23, ZSM 35, p&oivk 22 al so
known as t LIgfil“"':)c?ggeggor TON, and the silica alum nophospﬁat eszla 3#3\%1%&/25 SAPO s
(e.g., SAPO 11, 31 and 41), and SSzZ- 32. Al so useful are alum na and

anor phous silica alum nas. However, in i;peri ments usi ng a hydrodewaxi ng
catal yst conprising 2 9 MAR 2007 WD 20047033595 PCT/ US2003/ 028334 -17- Pt
on zeolite beta and a catal yst conprising Pt on anorphous silica al um na,
about 50 wt.. % of the desirable 950F+ (510C+) heavy lubricant fraction was
converted to rrdeedstsy a1, Rgcaysedhdoss ot introdyge nitregepanta thet he cont ext

ap
of the inventj " en- " "oar
ynonymous. artyisissts s gFhBior EHERR0 DuBilting SRHHE bas Aoy Bifoecichn,
gas which is farmMEN GANH] TRALE Which 4t P@isbﬂﬂfme@balmﬁmerampguh at | east
sufficient for the intended reactions, plus other gas or gasses  (e.g.,

ni trogen and datalyist angd anust thesefere beramaersddommatiodyvels belowid [ppma oif nittegsnsel y
----interfere-with-oraffectei therthe-reactions-rthespraducts: - The treat gas
stream intrdd Ei‘f,’t moyed °”P§‘é°c’%‘ﬁl3ﬁ??§?sa&8&’t\?f ﬁ]a’{)’rsé*’ss?gﬁﬁﬁ oA t:rgmﬁflgeﬁ]’east
about 50 vol .pefore dHRVEHRRSE REAHINh&ls RAIBICNBRYNHGn&!be rédhoVe® 63 the0024]
In the integrated processS enbodi ment Whi ch includes synthesis gas

producti on, tdyathegistgasheforpat isipasgadadtocthd ohe ommuoxe hydtocgebonayrthesist act ed
with a cobalt Fischer-Trqpsch catal éSt 0 Eroﬂuce t he waxy- hydrocagrbons,
which are deRBXEE: U & SYBUIESISERAS SERLIRtoR 1iF B »ZOR §eatHWHE OXYREn 4ud/ ot

unusual for ; ry IUGDe 0 with the
remai nder pr %&ﬁ%ﬁr@%ﬁ%ﬁﬁ% gﬁ:éxflﬁ?“ t rogsga'r%\ @%?e@?%@g%ﬁ?% an
i deal and-retsynthesisy-Kdovamprocesses farsynthesie gas progastigu-tcblwde partialThe et hane

has a 2:1 H2: C.ratio and js ideal, . . ) L
ondat}on, cataijytfc steam reforming, water gas shift reaction and combinations

thereof. These processes include gas phase partial oxidation (GPOX),
antothermal reforming (ATR), fluid bed synthesis gas generation (FBSG), patial
oxidation (POX), catalytic partial oxidation (CPO), and steam reforming. ATR
and FBSG employ oxygen and form the synthesis gas by partial oxidation and
catalytic steam reforming. ATR and FBSG are preferred for producing synthesis
gas in the practice of the invention. A review of these processes and their
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 shurry Fischer-
Tropsch reactor, in which the H, and CO were reacted in the presence of a titania
supported cobalt rhenium catalyst to form hydrocarbons, most of which were
liquid at the reaction conditions or the (i) 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



for producing a synthesis gas having an H2: CO nole ratio of nomnally 2:1:1
by a conbination of partial oxidation and steam reform ng, Tgi iRs Ug}he
stoichionetric nole ratio used with a non-shifting cobalt cat |9§‘y\ 7f

hydr ocar bon nt h Thus, natural gas is ideal for pgOGHE t hesi s
gas havi nﬂo’ﬁ%""a@?red stoichionetric 2.1:1 H2: C nol epl? atloh‘?hg]éﬁjl\é?ed when
using a cobalt Fischer-Tropsch hydrocarbon synthesis and preferably one
that is non- shifting. Sulfur and heteroaéom conpounds are renoved fromthe
natural gas, and in sone cases also nitrogen and CO2. The remai ni ng

met hane-rich gas, along with oxygen or air and steam is passed into a
synt hesi s gas generator 2 9 MAR 2007 WD 2004/ 033595 PCT/ US2003/ 028334 - 18-
Oxygen i s prefay (usireptsdhmax wasded intoithe ﬁ@é%ta%t) thettwornddhreetsiagganns nto t he

o7t ogen can D8N THNPIERRIARY P admie ¢l Pitat B ST GRO0CE TG At
Fi scher - Tr opsgkly thepatify hyatbdewked 9SI°¥1q520%C) fssﬁﬁmelrafawwacﬁdﬁuﬂ*s bel ow

1 ppm |If nltrogen I's not "renoved fromthe nat'ural gas, and/or if air is
used as the spucceling stags was passod fintodhe savend stagg of thej Mcnstamme-ssangas HCN
and NH3 nust enoved, fr t.h y I S s, befor assed into
the one or mﬂng"ﬁ'k? degend %‘Hﬁ ?ﬁgélgh‘ tégf@tsgqgg PTPGESS @%@W@ggo Bis
generator, thgspahbbalfoods wa5Feed tiddin fHréd stasd AT T

synt hesi s gas, s I ch ﬁen serves as e{dh q?é/&g&?&d: t eS ﬂgdroce{%gwtﬁﬂ ©
-synt hesi s-. -lébtwbelqmwocesses forsynthesis gas production-include parti al
oxi dation, catalytic steamreform ng, water gas shift reaction and

conbi nati ons thereof. These processes. i ncl ude gas phase partial oxidation
(GPOX), aut ot hermal T generation
(FBSG, partial oxidatlon W}B&! t l;:ltdjll]%ht] ﬁfﬁ%&ﬂggl d‘zRS%gn (CPO, and

steamreform ng. ATR {and FBSG errpfmmm formthe syntlhesis gas by
partial oxidation and{_catalytic steamreformng ATR and FRSG are preferred

for producing synthesls
430°F+ (232°C+) 98
700°F (371°C+) 71.5
1000°F+ (538°C+) 26.2 -

[0026] The hydrogen treat gas used in all the examples was pure hydrogen.
A ZSM-48 catalyst was used for hydrodewaxing the waxy feed in all the
examples. It comprised 0.6 wt. % Pt as the hydrogenating component, oﬂ a
composite of the hydrogen form of the ZSM-48 zeolite and an alumina bind@r.
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



gas in the practice of the invention. A review of these processes and their
relative nerits may be found, for exanple, in US. patent 5,883, 6138. The
invention will be further understood with reference to the e Medllbel ow.

EXAMPLES [0025] In the exanples below, the Fischer-Tro e8¢
conpri sed WOXWPIPRe (i) 430F+ (232C+) waxy fraction o%% al %%aé’l%rom a slurry

Fi scher- Tropsch reactor, in which the H2 and CO were reacted in the
presence of a titania supported cobalt rﬂeni um catal yst to form

hydr ocar bons, nost of which were 1iqui d28¢ the reaction conditions or the
(i1) 1000F+ (538C+) fraction of the 430F+ (232C+) waxy fraction. The
synthesis reactor was operati conditions _to produce at |east_ 14 pounds

t
(6.4 kg) of 7woethedasd therys anglgl%éa@%dnsﬂﬁsercmmbppm iyakies asreymeagured CO
ted to hyd T 9 2007 20Q4/.033595 PCT/ US2003/ 028334
Coer b o EBE BSBES S b AR, 006 B TRRABTRERERE e
stage runs - bkmed, Pofr poinfial aifasea Aairig & WS T DIsORTPRITAURI 00 . Thi o

means that .only the pattially hydrodewaxed~950F+ (510C) isonerate recovered
fromthe protewdomt measgeemes. (dowband pouw poinds setheritatdeslpdowfare piven wo st age

process and g he secongd .and.third stages of the three st ocess.

e bor 1 1 ng Bt or. VERCoRR S YiStPsitymdetovestayeastied Arconting ta fe ASHand «hr e
stage runs i syl Haashed 2076 Rshddtvel! - % Boiling Point Distribution of
Fi soher Tr opouiatocels DS Hnd B 22 i ‘2’%¥rc+) 98 700F (371C+) 71.5 1000F+
(538C+) 26.2 [0026] The hydrogen treat gas used in all the exanples was pure

hydrogen. .~y P ARATIVE EXAMPLE 1

. —{0027]—The-10002F+~(5389C+) fraction of the 430 F+(232°C+) wax feed
described above was hydrodewaxed in a single stage, by reacting with hydrogen
in the presence of the ZSM-48 catalyst described above. The reaction conditions
were 635°F (336°C), 250 psig (1724 kPa), and 2300 SCE/B of H; and a LHSV
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.
" EXAMPLE 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 (308°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



A ZSM 48 catal yst was used for hydrodewaxi ng the waxy feed in all the
exanples. It conprised 0.6 wt. % Pt as the hydrogenating conponent oq a
conposite of the hydrogen formof the ZSM 48 zeolite and an al &&MAB Bnder .
The hydrog . the ZSM 48 zeolite was prepared ac ' he
procedure %%8@%%3tent 5,075, 269, the disclosure of mﬁﬁlﬂb%&gy‘?zgﬁ%rporat ed
herein by reference. The Pt conponent was added by inpregnation, followed by
cal cining and reduction, using known procedures. Gas chromatograph
distillations (GCD) were conducted usi ngzé'hi gh tenperature GCD net hod

modi fi cation of ASTM D-5307. The columm consisted of a single capillary
colum with a thin Iiquid phase, less than 0. %Qm crons. External .standards
were used, caydpdevwanedah azebond stage i 14t F 3337602250 psigg(17d4 kPaptisato 100
carbons. A tgenperature ed | njector. S d, pri,or to

i njection, th ‘%éﬁf)f"ég °f2é$@§§ﬂﬁ?@ﬁh?%§lhﬂ%§yj‘?€f j\lﬁ? é‘?é.%ngéﬁgf’ng ranges
were determ | IS ﬂw}iﬁél ol 3/ 028334
-20- et hod %ngﬁEQQé?ﬁgn%ée%ergg%I ts. qgggeﬁg?% val)ﬂ%é%aer.e measur ed
usi ng ASTM D- lbiidarftdasdstaske The résntis ofithinhm), are aldershotva ih Mablechnt pracedur e
met hod. Pour point was neasured according to ASTM D-5950 for |ISL Auto Pour
Poi nt neasurenent. C oud and pour points in the Tables below are given in
C. Viscosity and viscosity index WereTFﬁgqured according to the ASTM
protocols D445 and D 2270, respectively. COVWARATI VE EXAMPLE 1
--[0029---ThE 1000QF+- ( 537a09F%) | hz tlooo“w+0F+-TetggC+) wax T gegp®Rdescri be

above was hydrodewaxed]|in a.sing|e stage, |by reactjng wth hydrogen ip the
presence of fhe ZSM 48 0&761P§25!‘B de@%gé’bh ér‘Ctt'))nditiohs

|oX

above. The react538

\fer 'el'hggglzr 533 ?lC)on ggﬁdf?"éﬂé’% el g\g\éﬁsxggc achﬁogggcaffg‘?a‘%ef c@gﬁﬁﬁ pﬁ;" o?f 5C
* | Single Stage 39 TT61 635/335 -48 5 153
Multiple 29 52
Stage
Stage One 11 19 587/308 26 -
Stage Two | 20 41 . 614/323 27 5 155

[0029]  These results clearly demonstrate the benefits of the multi-stage
process, in that at the same 59C 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



for the 1000F+ (538C+) heavy | ubricant base stock. The results of this run
are shown in Table 1 below. EXAMPLE 1 [0028) In this exanple, the 430F+
(232C+) waxy feed was hydrodewaxed by reacting it wth hydrogemy Bietill he
ZSM 48 cat aI i bed above, to the sane 1000F+ (538§ ubri cant
base stock ¢ 33?6%%%?% of 5Cin tw stages, according to t Sé%gfr%g%ﬁ ce. of
the invention. The waxy feed was hydrodewaxed in the first stage at 587F
(308C), 250 psig. (1724 kPa) of hydrogen at a treat rate of 2300 SCFB of H2
and a waxy feed LHSV of 1. The first sta'?g?ré i sonerate was fractionated to
separate the 700F- (371C) fraction, to determine the extent of the 700F+
(371C+) feed conversion to | ower b0| ling material and then further

fracti onat ed pom@waraahlevemusmwm/pmc@ss%@mmvgmmm%mwsa;i Vimapdct i on.

The 950F+ (5100@1 hiewf% aiog cti n wa then 2 9 MAR 2007 WD 2004/ 033595
PCT/ US2003/ 028494 ¢ H§/ o] *a second stage at 614F (323C), 250
psig. (1724 kPa) H2 at a treat gas rate of 2500 SCF/ b and a heavy oil LHSV
of 1. The second stage |sonerate was fractionated to recover the final
1000F+ (538C+LOMBAR. pMBlds2 stock. The results of this run are al so
shown in Table 1. Table 1 700 F+ 1000 + Tenp. 1000 + (371C+) (538C+)
(538C+) Conversion Conversion C Pour Coud VI Single Stage 39 61 635/ 335

-48 5 153 Mikjgap €. A% fumva9flentibA96 1R 6f Edmparatie BAMMAL 1, except that
the reactor was run at the slightly lower temperature of 630°F (322°C), to
achieve a 1000°F+ (538°C+) cloud point of 11°C. The results are shown below
in Table 2.,

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 Example 2, single

stage ruan.
Table 2
700"F+ 1000°F+ | Temp. 1000°F+
(371°C+) | (538°C+) (538°C+H)

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'




Stage Two 20 41, 614/323 -27 5 155 [00291 These results clearly denonstrate
the benefits of the nulti-stage process, in that at the sane 5C t
cloud point, a significant increase in the anount of the 10003:9+M§§%®$+)
heavy | ubrigantoRasgsstock was produced using two stagesgresiRRResed to
just a single stage. Using a single stage resulted in a conversion of 39
w. %to |lower boiling, 700F- (371C) hydrocarbons, while a total of only
29 % occurred in the nmulti-stage process of the invention. Since a

| ubri cant stock cut point is typically abdut 700F (e.g., -' 700F/ 371C +
material), this nmeans that nore lighter |ubricant boiling hydrocarbons (750-
950F (399-610C) boiling range) were al so produced by the two stage process
of the invent immeh levar wsing the malkiplostage nEOeE-of (B3 BEention, 4ban withoslyw ar si on to
| ower boiling igépong- (538C-) hydrocarbons for the single stage process was
61 % as oppo§ % a%?nly 52 % using the two stage process of the invention.
Thus, a greater yield of the heavy |ubricant base stock at the sane target

cloud 2 9 NAR%;%?@@%W £CT/ US2003/ 028334 - 22- point was achi eved
usi ng the proCess | fon, with no loss in Wand wth a | ower
pour/cl oud point spread. COVPARATI VE EXAVPLE 2 [0030] This run was identi cal

to that of Co(i324ti VEhifxanwhealio identiesitto thettof Congparstivet Bxaniple 1) except t he
slightly lower tenperature of 630F (322C), to achigve a 1000F+ (538C+)
cl oud point othat the repfer wasgup at shighertsmperntursof 648 F £33& C), tompchiger 2 Thi s

run was identi od .0 a o&X t st age .
reacti on was ﬁ@@é\ﬁ]‘b@é}? Q{* ?glqgg&e%gtﬁg%e(ﬁa?ﬁg&sﬁ;ﬂ?éﬁ%@%@aﬁﬂ? " reach the
11C cloud point for the 1000F+ (538C+) product. These results are al so
shown in EXAMPLE 3 :

[0033]  This run was identical to that of Example 1, except that the second

stage reaction was conducted at a higher temperature of 620°F (327°C), to reach
the same -2°C cloud point for the 1000°F+ (538°C+) heavy lubricant base stock
product, as for ithe Comparative Example 3 cloud point. These results are also
shown in Table 3, as a comparison to the results for the Comparative Example 3,

single stage run.

Table 3
700°F+ 1000°F+ | Temp. 1000F+
(371°CH) | (538°C+H) (538°C+)
Conversion | Conversion { “F-C Pour | Cloud | VI.
Single Stage 45 72 6407338 | 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,



Table 2, as a conparison to the results for the Conparative Exanple 2,
single stage run. Table 2 700 F+ 10000F+ Tenp. 10000F+ (371Cg§ ,@g?ﬁg +)
(538C+) Conversion Conversion F C Pour Cloud VI Single Stage 0/ 332

-28 11 148 | 26 48 Stage Stage One 11 19 587/ 3Q&rAG263@9834d W0 17 35
610/ 321 _19w%6&f@845% 0031] As was the case for Exanple 1, in these runs the

extent of feed conversion to 700F (371C) and 1000F- (538C-) boiling
hydrocarbons was' 2 9 MAR 2007 WD 2004/ 032?95 PCTI US2003/ 028334 -23- nuch
| ower using the nultiple stage process of“the invention, than with only a
singl e stage. COVPARATI VE EXAMPLE 3 [0032] This run was also identical to
that of Conparative Exanple 1, exceﬁ{% that the reactop was run at a higher

t ﬁnper at lqr e ofhapsuith onlysasin | Stagenilhgdarget dopd pent o8 52:§ wasA¥ETYBibYT of - i20.
T . _ 100331 Th " !
e e g e R B

to that of Exanp sta ction was conducted

at a higher t eimlohal loudqfoif2F= 6062 Mavertheless; defpitel the gheuter coabertonitRoi nt
for the 1000F+ (538C+) heavy | ubricant base s{)ock R , as.for the

roduct
Conpar at i ve Ehaniwestageprogesspoershooty hethethe §90TE (3itle Ci) 2od 19887+ n Tabl e 3,
as a compari sop,gdops HNE & Ridhs To lotver b3 fingINREO b ot SR 'sGbstantially less
with the multiple stage process of the invention than with the single stage

process.

EXAMPLE 4

[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 fractionated 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.



single stage run. Table 3 7000F+ 10000F+ Tenp. 1000 + (371C+) (538C+)
(538C+) Conversion Conversion C Pour Coud VI Single Stage 45 72 640/ 338
-49 -2 142 Miltiple 39 63 Stage Stage One 11 19 587/ 308 26 StZeﬂgfé‘\R*l'm 31 54
620/ 327 -5 0034] As was the case for the previ les, in
this run tg\gogz)igtia n%sggof feed conversion to 700F (371C) %&;ﬁ@@g@@%%
boiling hydrocarbons was rmuch | ower using the nmultiple stage process of the
invention, 2 9 MAR 2007 WD 2004/ 033595 PCT/ US2003/ 028334 -24- than with
only a single stage. The target cloud poi?t- of -2C was overrun by -4Cwith
the two stage process of the invention, resulting in nore conversion to the
| ower cloud point of -6C. Neverthel ess, despite the greater conversion with
the two stage process overshoot, both Habke #00F+ (371C+) and 1000F+ (538C+)

conversions to--ower—bgi-kng hyd ocahons ara—still ' Wi th
the nultiple|stage procesgo@)F*Thl ilR0RHtH oh BB wilt h t he LO0RGYE st age
process. EXAMPLE 4 [ 0035 \JXE ane 513%0?1 (R32C+) waxy fee? at al ystt used
in the exanples above, re used Mt 2; bxanpl e. |Howeve h| s exanpl e
the feed wag hydr odewax€env¥epsion 1 ChtversidmBCPFYeayy Poget | (maj[d)udvmm nt of
5C.in threelstages according tq¢ the practice of f#fhe invenfion e X
f eed was Single Stage 39 61 635/335 -48 5 153

Multiple ‘ 28 48

Stage

Stage One 11 19 587/308

Stage Two 13 26 607/319

Stage Three 7 14 600/316 -24 52

[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.



hydr odewaxed in the first stage at 587F (308C), 259 psig. (1786 kPa) of
hydrogen at a treat rate of 2300 SCF/ b H2 and a waxy feed LHSV of 1. The
treat gas, treat gas rate and space velocity of the feed were?qNgR $&lfe in

all three first stage isonerate was fractiow RBossparate and
renove the%gg@ﬁio‘?’%gioc-) fraction, with the remaining 50F+2?610C-)

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

hydr ocarbons fromthe second stage iso ate, the remaining, further
partially dewaxed 950F+ (610C+) fraction was passed into the third stage,
in which it was further hydrodewaxed at. a tenperature of 600F (316C). The
third stage | EXAMBIE $vas fractionated to separate and recover the 1000F+
(538C+) heavy |l ubricant base stock. The results of this run are shown in
Table 4, with the.results fromthe single stage hydroisonerization of

Conpar ative hawe 430°F¢ gﬁmc %g%eedwca t W FAQAé 033595
PCT/ US2003/ 028334 -25 Tabl e 4 700 F+ 1000F+ Tenp. 10 0|:+ (371C+) (538CH)

(538C+) Convexanples @bowes meroalse ubedim thiscxemyle. HoglewerSimthas 8arble @35/ 335
8 150 L bt B0 bk i b Ao, 25
10007 (S350 A T W QO s Sl U

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 vclocity of the feed were the same in all stages. The first stage isomerate

was fractionated to separate and remove the 950°F- (610°C-) fraction, with the

remaining, partially dewaxed, heavy 950°F+ (610°C+) fraction then passed into

the second stage. In the second stage, the temperature was 607°F (319°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°C).

The third stage isomerate was fractionated to separate and recover the 1000°F+
(538°C+) heavy Iubricant base stock. The results of this run are shown in Table
5, with the results from the Comparative Example 3 single stage hydrodewaxmg

shown for companson



stages (conpare to Exanple 1 in which the same 1000F+ (538C+) heavy

| ubri cant base stock had the sane cloud point of 5C).
conversion to 700F-

AR,

about the
substanti a

denonstrates the greater anount

obtained using the multiple stage
because the waxy feed to the first stage2’contai ned substanti al
(610C) boiling hydrocarbons.
(232C+) feed hydrocarbons were converted to

950F-

hydr ocar bons usi ng three stages,

Thi s

The anou
(3710—) boi | i ng hydrocarbons using three s
resulting fromusing two stages,
han that using only one stage.

of heavy |l ubricant base stock yields

conpared to the 39 %
hydr ocar bons whi ch were converted to

Yet,

St 3

a

t ot al
700F-

(371C) boiling

oo st iR HIES
P

hydr odewaxi ng process of the invention,
amount s of
of only 28 % of the 430F+

of the 1000F+ (538C+)

(371C) boiling hydrocarbons,

using only one stage. Further, the a of t he wval uabl e 1000F+ (538C+)
heavy | ubri chnt base stoc‘yodqizﬁl DY 1 Si OTeﬁl.P. ower bqipp¥er- hydrocar bons
was 61, 29 apd 28 wt. Yorespectively, for {the single, two and three s{age
processes. 2|9 MAR 20071 VD]?OH-A)/ )3(§BG%CP us2003/ )28334 (5%’C+BEXAI\/PLE 5
[0037] The spre—430F+{(232C—Waxy-—f-eed-3 : anpl es
above, were fl so used i Qlﬁicéﬂ@)(a ¥ETS thPQUTex nﬁ%‘dt heVIf<=ed
was hydr odewsgedi] 000F = (538CH=heav Tt T —Of Cin
t hree stages Sﬁ%&éﬁtgﬁﬁ (234250+) Naxy7 eed wa &ﬁsgr )dewaxed i n The 115?r:;t
stage at 587FM @), 459 ;3 9. (178@skPa) of hy(:F)gen at & treat| rate]of
2300 SCF/ b H2 and a waXy feed LHBV of 1. The treat|gas, treat gas| ratejand
space vel oci l;‘taaﬂ the fleed were the same ijn all stages. The first] stage
i sonerate wg LI otffated—to—separgte—at tepayreTrthe—950—(610c
fraction, -w ﬁtalg erfai ning, parti P e\ﬁéz&éﬁ heavy 950fF+ (61bC+)
fraction the1sﬁ§§q%| Nto 13 607/319

Stage Three 13 25 610/321 -42 -3

[0038]  As was the case for the case for Example 4, the amount of the desired

1000°F+ (538°C+) heavy lubricant base stock product for this run, as reflected
by the overall or total conversion to hydrocarbons boiling below 1000°F

(538°C), was much lower using three stages, than that obtained 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.



the second stage. In the second stage, the tenperature was 607F (319C).
After renoval of the 950F- (610C-) hydrocarbons fromthe second B4 age 147

i somerate, the remai ning 950F+ (610C+) fraction was passed into the third
stage, in which it was further hydrodewaxed at a tenperature of 610F (321C).
The third stage isonerate was fractiona@8ed to separate and recover the
1000F+ (538C+) heavy lubricant base stock. The results of this run are
shown in Table 5, with the results fromthe Conparative Exanple 3 single

st age hydrodewaxi ng shown for corrpa%Z 9 MAR 2007 WD 2004/ 033595

PCT/ US2003/ 028334 -27- Table 5 7000 OF+ Tenp. 1000 + (371C+) (538C+)
(538C+) Conversion Conversion / C Pour Cloud VI Single Stage 45 72 640/ 338
-49 -2 153 Miltiple 33 55 Stage Stage One 11 19 587/308 Stage Two 13 26
607/ 319 Stage Three 13 25 610/321 -42 -3 [0038] As was the case for the case
for Exanple 4, the anmount of the desired 1000F+ (538C+) heavy | ubricant

base stock froducA ihaltistéges process aforr priodecingda hsaviyh lubricanalHasorstodk drom
conversion to hydrocarbons boiling bel ow 1000F (538C)., was nuch | ower using

three dtisawe-Tropseh waxtcompprasasydredewaxing sashwaxdp gglrsthydredawaningstageed

conversion to 700F: (371C) boiling hydrogarbons .usin ree sta , Was

al so sUPRrRANSS, a0y IsoMerate, SAMPRISINE, A Pyt @% dﬁ)et"éfﬁ‘eﬁir Eﬁ?‘ghi\%': I‘E)Pgsﬁ’é"t@{lage.
having an initial boiling point of at least 850°F (454°C), followed by hydrodewaxing said
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 said hcavy lubricant basc stock having a kincmatic viscosity at 100°C of at lcast
about 8 ¢St and wherein said hydrodewaxing is achieved in the presence of hydrogen and
a hydrodewaxing catalyst that dewaxes by isomerization, said hydrodewaxing catalyst

comprises a hydrogenating component, a ZSM-48 zeolite component, and a binder.

2. A process according to clam 1 wherein said heavy lubricant base stock has

cloud and pour points lowcr than that of said heavy fraction in said wax.

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

base stock has an initial boiling point in the range of 850-1000°F (454-538°C).

4, 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 lcss than 25 wt. % lower boiling hydrocarbons.

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

lubricant basc stock has been hydrofinished and optionally dehazed.



2 9 MAR 2007 -28 CLAIMS 1. A nultistage process for producing a heavy

| ubricant base stock from Fischer-Tropsch wax conpri ses hydrodewaxi ng said
wax in a first hydrodewaxi ng stage to produce an isonerate conpfiQ$iARdIE
partially dewaxed heavy lubricant oil fraction having an initial boiling
poi nt of at |east 850F (454C), foll owed%by hydrodewaxi ng said heavy

| ubricant oil fraction in one or nore successive hydrodewaxi ng stages, with
i nterstage renoval of hydrocarbons boiling bel ow said heavy | ubricant oil
fraction, to formsaid heavy |lubricant base stock having a kinematic
viscosity aig 100G Groddss! f&%&?}ingbﬁuhnﬁ o‘fsthegﬂ'@cé’ﬂlﬁ LBindA Wheidl OHEIRRVPY 1S
achi eved in. the presence of hydrogen and hydr odewaxi ng catal yst tha

dewax equbpicdnt ®a8¢ stoak i®oombiricd Wit oadaranoredubetaltygditivgrmpfoaas labricant.
hydr ogenati ng conponent, a ZSM 48 zeolite conponent, and a binder. 2. A
process according to clam 1 wherein said heavy |ubricant base stock has
cl oud and paqur points |ower than that of iai d hegvy fractiqgn in said wax, 3.

A process adcor difhProsess| agoording, to; pay af CEPHNE flaime Whereifbiald difevY base
t ock ) Lnitial il i.at in.th 34000 54:538C). 4.
A pr ocdariGihe bt apck s p i Baibng bitiayBaRa0Tk GRRVGT A ardoiL oo,
devvaxegﬁ_rgﬁgyﬁmhuﬁdrﬁgqp(gil fraction hydrodewaxed in said one or nore

ve ydr adewaxi n

succes " stages conprises less than 25 wt. % | ower boiling
hydr ocarbons. 5. A process according to any of the preceding clains wherein
sai d heavy |ubricant base stock has been hydrofini shed and optionally
dehazed. 2 %,MAR PdprocesOobclaitn drwhexin said diydrogenationwpmyonchecanprisesi a1g

cl aims wherein said heavy |ubricant base stock is conmbined with one or nore
| ubr i cdeastadiGroupsVHbmeatalsampensntcant. 7. A process according to any of
the preceding clainms wherein said heavy | ubricant base stock has an end

boi Il i ng poi nt above 1050F (566C) and a cl oud point no

9. The process of claim 8 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-magncsia-zirconia and mixtures

thereof.

10. A process according to claim 8 or claim 9 wherein said at least on¢ Group

VTIT metal is a noble metal.

11. A process according to claim 10 wherein said noble metal is at least one of
Pt and Pd.

12. A process comprising (a) producing synthesis gas comprising a mixturc 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 I, and
CO to react and form waxy hydrocarbons, including hydrocarbons boiling in the heavy

lubricant oil range, {¢) passing at lcast a portion of said waxy hydrocarbons to a



greater than 75F (24C). 8. The process of claim|l wherein said hydrogenation
conponent conprises at |least one Goup VIII netal conponent. 9. The process
of claim8 wherein said binder is selected fromthe group consi ?img Zmﬁ
zeolites, clays, silica, alumna, netal oxides, silica-alumna, Silica-
magnesi a, silica-zirconia, silica-thori3a,- silica-beryllia, silica-titania,
silica-alumna-thoria, silica-alumna, zirconia, silica-alum na-nagnesia,
silica-magnesi a-zirconia and m xtures thereof. 10. A process according to
claim8 or claim9 wherein said at |least one Goup VIII netal is a noble

nmet al . S I NGailiy Chai : [ [ alyd s¢at
Teact dhrodtPiRE T JrRRAAS! Tl °i WHleh MABIE WaS hBLLERL D oD
gas CorRyidrsdevemadinithé predencEZofRdhfdRobewaking! tarlystamd GRlraent Achi figstsai d
synt hesi's gas with a cobalt Fischer-" Tropsch hydrocarbon synthesis catal yst
at r eadfyideodevendig i stage, ebf piduce ahoisonmirate! ¢dinprising QD pastialy dewaixdd fhaany waxy
B e
, 1 T Z J
Eggge -30..h ?15{ dewaxi ng upgrading facility.,in which said waxy hyd.ti car.bons
ore (i boughnydemaminsy (iF Rbtrale sl partiiy fiebued ey WhiLagrel 3hghoR
hydr o | fl 5 o) I, & . ' .Sin
= par £ o el pUECAGUES aRE G 3 frod uBliBe EY Seba SREHALS (6B,
POi Nt Qfil flacliG@Bh ofie W 1fmér'_%4ﬁccé§k‘ilvé Ry@fodeMakingd SlaB¥dI WRR IRRARagd fét%lO\lzal of

separating said partially dewaxed heavy lubricant ™ oil fraction  an ower

boi |'i nchyklyd¢aban boiingabelofw ishidfieavad vbridany oflafrdctiopatafedn Hravy lublicamant
oil fraction in one or nore successive hydrodewaxi ng stages, with interstage
renovalbast stoskd havingbe rsinbmiatic ngistesitinets A08°Geafu gt laast iabeut Soc$t, fwhercion, to
form heavy | ubri,cant base stock havLQR/[a}1 ki nepatic viscosity at 100C of at

| east sliedevaang Gitalyat gomprising a ZSM-48 zcolite component and a noblc mctal

hydrogenating component is used in at least onc hydrodewaxing stage.

13. A process according to claim 12 wherein said waxy hydrocarbons formed
in (b) are not hydroprocessed prior to being passed to said hydrodewaxing upgrading

facility.

14. A process according to claim 12 or claim 13 wherein said heavy lubricant

base stock has cloud and pour points lower than that of said heavy fraction in said wax,

15. A process according to any of claims 12 to 14 wherein said noble

compriscs at Icast onc of Pt and Pd.

16. A process according to any of claims 12 to 15 wherein said base stock has

been hydrofinished and optionally dehazed.

17. A process according to any of claims 12 to 15 wherein said hydrodewaxing

catalyst comprising a ZSM-48 zeolite component and at least onc of said Pt and Pd noble



hydr odewaxi ng catal yst conprising a ZSM 48 zcolite conponent and a nobl e
nmetal hydrogenating conponent is used in at | east one hydrodewaxi ng stage.
13. A process according to claim 12 wherein said waxy hydrocarponss fmfmed

in (b) are not hydroprocessed prior to being passed to said hydrodewaxi ng
upgrading facility. 14. A process aceéiding to claim12 or claim 13 wherein
sai d heavy |ubricant base stock has cloud and pour points |ower than that
of said heavy fraction in said wax. 15. A process according to any of
claims 12 to 14 wherein said noble conprises at |east one of Pt and Pd. 16.
A proc ER& | @i ' MRPArRIE i & s
Peen P o B e R B el o
cl ai ms oh2 $Hsdid wheessive dpiddodywieddgvaagesguscdato fytherc hpgrodewag said Hdavy 8
zcolite conponent and at |east one of said Pt and Pd noble 2 9 MAR 2007 -31
net al Hybrieans pdtfianicionponents is used in said first hydrodewaxi ng stage and
at |l east one of said successive hydrodewaxi ng stages used to further

hydr odewax said heavy lubricant oil fraction. 19. A process according to

b Ccant adih 1 RITBEPIRORIRER, B RS, bp ﬁ%?@ﬂ%{' %9%”3*:%%&??% 25
Tosor (SRR Ao AT IHARAR: A0EYes (Pforkl Bibti ) 10 PO anove
19. A process according to claim 25 wherein said heavy lubricant base stock

has an end boiling point above 1050°F (566°C) and a cloud point no greater than 75°F
(24°C).



