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[ 0001] The invention relates to producing fuels and lubricant oils from

Fi scher-Tropsch wax. Mre particularly the invention relates to a

mul ti-stage process to produce fuelsland lubricant oils from wax

synt hesi zedwioyross@sazss Nng H2 and CO produced from nat uret/uspeessizzd he presence
of a cobalt Fischer-Tropsch catalyst, by hydrodewaxi ng the wax to produce
dewaxed fuel and a partially dewaxed, heavier fraction in a first stage.
The heavier fraction is sHRADUGTION OFHFUEBSANIRAUBE racti ons boiling in the
| ubricant oil range, whi cOIleS§ FROM FISOHERSTRORSSIWAIXI N separate stages, to
produce both Iight and heavy | ubricant base stocks. BACKGROUND OF THE

DI SCLOSURE [ 0002] The relatively pure waxy and paraffinic hydrocarbons

synt hesi zed BACKGROUNSDOF THEINSCLOSUREESS are excel | ent sources of diesel
fuel, jet fuel and premumTlubricant oils with law sulfur, nitrogen and
aromatics. Wien produced by a cobalt catalyst, the sulfur, nitrogen and

aromati cs COFIEDD OF THEINMEBNTION/dr ocarbons is essentially nil and they can
therefore be passed to upgrading operations wthout prior hydrogen

treatnment. In a Fischer-Tropsch hydrocarbon synthesis process, a synthesis

gas_compr i Si oodf} M ehfor fhids 8 frodudtilf fidts £ANMARaRGHIIRE S reactor, in

which the H2 'and"CO react in the presence of a Fischer-Tropsch catal yst to

produce waxy HiselieroErapsahivax. M@emwuh;lm ﬂwawmn rélatgs toj aomultingtagei s | i qui d at
bressure condRFare PREE Bield Rt 1R s B IR o PARBPBRC) 71 25"
&-” US2003/ 0388280 préduced from natural gas in the presence of a cobalt Fischer-Tropsch

catalyst, by hydrodewaxing the wax to produce dewaxed fuel and a partially

dewaxed, heavier fraction in a first stage. The heavier fraction is split into light

and heavy fractions boiling in the lubricant oil range, which are further

hydrodewaxed in separate stages, to produce both light and heavy lubricant base

stocks.

BACKGROUND OF THE DISCLOSURE

[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,



and typically includes hydrocarbons boiling in both the fuels and | ubricant
oil ranges. However, these fuel and lubricant fractions have cloud and pour
points too high to be useful as fuels and lubricant oils and nust therefore
be further processed (e.g., dewaxed), to acceptably |ow cloud and pour

poi nts. Fischer- Tropsch synthesis using a non-shifting cobalt catalyst
produces noO WP4/R3p88 hi gher nol ecul ar wei ght hydr ocarB§gAS20033p32hg i n t he

| ubri cant range, than does a shifting catalyst, such as iron. Various
processes have been disclosed for cat QI ytically dewaxi ng these and ot her
waxy hydrocarbons. Some, such as those™ enploying a ZSM5 catal yst, dewax by
hydr ocr acki ngnd fyBicaBy ihcliideld Bfarédartidns béiling bk tife fa6ls khdmbednpeilt he | ubri cant
oil range. This results in a substantial |oss _of lubricant and higher

boi | i ng f uel Tanges: HHewewen these firel prdJubrieant Eactions have apudand pPoHyPRIBS ef | ne t he
wax to renov r ' | Nl oxygenat es)
and aronati cgoogiri%%{rb bteolﬂkewg%ﬁﬁlafﬂ%gﬂrﬁgﬁggg %%%ﬁ%@%f e  dewaxi ng

cat al yst. Thprosessbd éng.pdewaxerd), oaovaptablylowasicudardqont paints. Fischerpr oduct yi el d

I s exacer bat en . dewaxi ng_a h lubricant oil Jfraction to an
accept abl e cﬁg‘ﬂ’a‘v’rﬂ%}ﬂﬁ'{"?‘s I‘lflflﬁglnf’ﬁ%g °8§?‘¥§%¥?1‘Vf‘rﬂf?‘f‘ﬁﬁs RO AS of  various
catal ytic dewighérngloletularoseight hytfmoatbon ksl infthe fubfica fiige,aharl s apat ent s

6, 179, 994; 6,090, 989; 6,080, 301; 6,051, 129; 5, 689, 03 nd, 5, 075, 269 and EP O
668 342 B 1. slp%cm?tahﬁ&rs ag 1Eon; | Varigus,progesseshaye b sehE¥ wi || produce
accept abl e y'ﬁbﬂg kel mﬂl,%,ih%aﬂk SnfC ' ding a
heavy | ubri cgnt bgaslg’fdset ock,gftﬂé?égnm Fi scher - ropg%mx. S%%@Hégz THE

| NVENTI ON [ 0employifiges ZSMeeatadyst,rdewax by hydroeragking thesvaxyhygdrosambenstg f uel s and

| ubri t b ' ' | i .b f
i scher - Tr opoiiugh B6ib bHiOR e BHcde 8 ke, TRIXERRS kPREBEIE s’ [ DT ¢ e
and | ubri canbf lubritamgnd highgdwilingdiel, with caromitanglowpreduct yipldnyOitheasiewaxi ng

sald viax 1o By o dteHe M wix to Jomove sullar nitroger, oxygen contaviing molecrles

117

(oxygenates) and aromatics prior to dewaxing, to reduce deactivation of the
dewaxing catalyst. The problem of high conversion and concomitant low
product yield is exacerbated, when dewaxing a waxy, heavy lubricant oil
fraction to an acceptable cloud point. Illustrative, but nonlimiting examples of
various catalytic dewaxing processes are disclosed in, for example, U.S. patents
6,179,994; 6,090,989; 6,080,301; 6,051,129; 5,689,031 and 5,075,269 and

EP 0 668 342 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



| somerate conprising hydrodewaxed fuel and a partially hydrodewaxed

| ubricant fraction, (ii) separating these two fractions, (iii) separating
said partially hydrodewaxed |ubricant oil fraction into a heavy fraction
and a lower boiling fraction, and (iv) separately further hydrodewaxi ng
said | ower boiling and heavy fractions, to produce |ubricant base stocks,

I ncl udi ng a_he | ybricant base stock. The process s for increased
yi el d of fugﬂ%ﬁéﬁﬁugﬁbricant base stocks, including Qk%égggnpﬁﬁflcant base
stock, from Fi scher-Tropsch wax. [0005] In one enbodi nent the i nvention
relates to a nulti-stage hydrodewax- iRg process for producing fuels and

| ubricant base stocks, including a heavy |ubricant base stock, from
Fi scher - Tr opisothenatexcongprising hipyicdewaned duelfand @ ppantiatly hipdrodéwnxed tubiricantf uel and

| ubri cant oi b.OI I an In ot her .enbodi nent the . nvent ion rel ates
to (a) prod @gww@@hﬁangﬁﬂ%&t%ﬁm&@gsw ¥ting the H2 and
COin the g dr@deﬁed)rwﬁem aﬂtﬁfac@o:pﬁhad heaby Ha6@Sr ahdA6wEr ol YSt, at
reaction conditions effective to synthesize waxy hydrocarbons i ncl udi ng

fractions bofrastiog, 4nd @sepasatply fudher hydrodewaxing said lowge boiling, and Repvyiewaxi ng t he

waxy hydroc AR St roduce
hydrodemxedﬁg%}%g?’tgﬁﬁug%iruli’ggﬁ%ﬁ%gse g{’oc S. Qﬂe ess ??1 eloch nat ural gas
I S convert edstbek. 'I'hyptdmessi;sowgdsfmhnwteaseldrymldmﬁfuelssmddubrieantdﬂsdo hydr ocar bons,
is referred to ,as.

T nbodi |
to a gas con¥ 8?@?'(5’%1 as@etgegw ﬁlga%g}’ @%ﬁ?ﬁhﬂﬁgﬁsﬁdgﬁm mt:].e _?_thgs

mul ti-stage hydrodewaxi ng process conprises (i) hydrodewaxi ng the wax or
waxy feed, to produce an € co waxed, f fractlon and a
partially de B e cmbodimga e o H@hrfﬂﬁsqya Sioites RUrOIRR { o |
fractions, W% Prddiicing H*@el@ﬁ{dtlhlﬁ{dai{t ba@@%&&dm'clﬁﬁfd ioGAehvyPi | fraction

into a heavy ["dbricant "fractron and | ower i 11ng fractlon and (iv)

separ at el y hiubrigenshase stepk: ﬁmtﬁvh?-masmhmglhymcmpmm under

base st ocks. BBy S5 b fibeiR o BRAHE eSO ' 08t bRl N0 01 cANY

invention relates to (2) 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, including
fractions boiling in the fuel and lubricant oil ranges, and (c) dewaxing the waxy
hydrocarbons in a multi-stage hydrodewaxing process to produce hydrodewaxed
fuel and lubricant base stocks. A process in which natural gas is converted to
synthesis gas which, in tumn, is converted to hydrocarbons, is referred to as a gas
conversion process. Thus, this embodiment relates to a gas conversion process
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.



[ 0006] By hydrodewaxing is neant the waxy feed and partially dewaxed

| ubricant oil fractions are contacted with hydrogen, and a hydrodewaxi ng
catal yst that dewaxes nostly by isonerization as opposed to hydrocracking.
Thi s excl udes dewaxi ng catal ysts, such as ZSM5, which dewax nostly by

hydr ocracki ng the waxy nol ecul es, particularly the heavy |ubricant fraction,
to hydrocarygndmsbsdsi Ng bel ow the desired product ranggyustholsedewaxi ng
catal yst conprising a ZSM 48 zeolite (ZSM 48 zeolites herein include EU 2,
EU-11 and ZBM 30 which are structurally equivalent to ZSM 48) conponent and
a hydrogenati on conponent, has been found to be particularly useful in the

rocess of t [ nvention. ,Jhis process,and catal yst copbi,nati gn have been
1I‘Oound to'prgm d%’%%@ngﬁf‘qaﬂg%m?ﬁs%agﬁeﬁggew ﬁudi ng a heavy
lubricant bagicahosikfradtions &g camaeed with hydropert had's hpdidddwikingP0i nts, with

rel atively high Froduct yield. [Q007]. Bg fuel is neant a dewaxed
hydr ocar bon fcatalyist that deywaxes mestlyhydsgrasrizatiomas; qpposed tg bydsperpeldng. about C5 up to

about 550730 SRRl Nl 05 e RS N BB BB Pt Ut 11 the

context of the 1nvention, v ractron ’ conprrses y lubri cant
oi | fracti on hydractackingdhe wonamealdeulesoparticulady the hamagybriicat fraction, foase st ock.

The | ower boiJd i,n ract i.pn .c I ses. 14 gh nd I ym,l ubr.i cant oil
fractions boilﬁy 3‘&’8%%9‘@%%1&@@7 e%erdiﬂgiqc?&nge.;rggxg °8ﬁw?;fﬂﬂg whi ch, when
gewax ed, E ONeatabyst Congtisingy KiZl %Mdistﬂé})ﬁ!id(zmsﬁ ifdoﬁtbkﬁgreiﬁlh_ﬂ&udéimg-j_,ov"er bgi l'ing
ase stock i nt n at | east one, | pwer i1 ubri cant ase
stock and mwﬁiﬁpé@ﬂ@@“ﬁ@@& W“ﬁuﬂ mﬁ%&ﬁ%ﬁ\ﬁ*‘ﬁﬂ&m&%&ﬁ base stocks
in the medi ugnaRdiyBfogkhdtish cbﬂ;?éxileﬁﬁﬂﬁs_ Bieh fRidth Iaegfﬁeasﬁyuﬁmli&h{a cant base

stock, is meant a |ubricant 0l aving an initi boi |1 ng point above 600F

(316C) and rpsecess githe investion: Thispreceshand: catalyst gerobingtpnhagebesp fomrdit has been
hydro- d ' : ' . | ybri cant
(Y action 1 ighdlubeSeypied BRTaRPUbARE bt SOk Bcfiafue sheallRbcta? | PR0Y

of from aboutbas8&6dk, hawbrg icceptabilip dove clopd eddpaisippinty, evithadaes@hphkgh454- 510C) and

an end point %Poye. ]’laOOOF (538C). A heavy lubricant base stock has an
initial boil Higiuctyieid.

[0007] By fuel is meant a dewaxed hydrocarbon fraction, boiling somewhere
in the range of from about Cs up to about 550-730°F (288-388°C) and includes
naphtha, diesel and jet fuel. In the context of the invention, the heavy fraction
comprises a heavy lubricant oil fraction which, when dewaxed, comprises a
heavy lubricant base stock. The lower boiling fraction comprises light and
medium lubricant oil fractions boiling below the heavy Iubricant oil fraction and
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



WD 2004/ 033588 PCT/ @52003/033322 5 point in the range of from about

850- 1000F (454-538C,) with an end boiling point above 1, 000F (538C) and
pref erably above 1050F (566C). The initial and end boiling points val ues
referred to herein are nomnal and refer to the T5 and T95 cut points
obt ai ned by gas chromat ograph distillation (GCD), using the nethod set

forth bel ow. |1y dewaxed is neant that the respg action has
been devvaxed“{aty) ﬁg\%\ggéﬁt he pour point below that which |?ﬁ§3¥€0r3?%£r to being

partially dewaxed, but not as |ow as the desired pour point, which is
achi eved by further dewaxi ng the partiakly dewaxed fraction in the next
successi ve dewaxing reaction stage. By different reaction conditions to

produce heavpommth@mge Qﬁﬁrqmngout&ﬁ%l@@@% (B3:838°Co)owish emend bailing above, is
meant that th | f reaction
condi tions thap {]%%wh?\ﬁgﬁ 0| I |) a% Q'Fblgibg%hl szi:é&tschl évegq%l £1zewam ng

t he heavi er oan&mglﬁmlmgt;mﬂts wguésrrafeh'c(bto hﬂrememcndmnalcmddcfertorthe Tﬁlat i ncl ude

oast 107 (ool B Pl pangdy des chiometiiennt disdiatbn LB AGHE Ho, 2t

preferably at deﬂﬁﬂtset%&hbémﬁr By%ﬁﬁh]ﬁy"ﬂéwa&&ﬁﬁﬁfeﬁhﬂh@ttﬁé‘fﬂ %ctﬁ@ace vel ocity
used to dewax the | ower boiling fraction. BRI EF DESCRI P OF THE DRAW NG

[0008] The Fi &m@m@saemdmaée @Hewendlepwrmmlgwéh@whlehﬁheﬁﬂw ment of
t he hydr odewa R,[ﬂ%%;g@, [0009] In
t he process o?dl%% nve tIeOI’l édt’]%u{ |sc opsch ga ﬁ)l-!;i‘g;lydrodewaxed
to produce anmﬁmmWﬂMg%mﬁydwmmﬂodmhenm a partial ly
dewaxed | ubricant o h oisomerate. oIh ewaxed. f uel te from
Che parti ol v Slasande feTHPE KRS Qi A BatENRdion apaibmRBRAT Uy  cant
i sonerate is heag aﬂ&llm'iabﬁdmgmmmanﬂtﬁwstodm&ﬂﬂér((ﬂ) ambealslm@ht fhatther | ower
boiling fraction, eac urt her dr odewaxed,. tely and
nder di 11 or oHERUENBORy GRsaBls SwrReASi R by Tsaction condiions that the

lower boiling fraction. This is achieved by dewaxing the heavier or higher

boiling fraction at reaction conditions that include one or more of (a) a
temperature of at least 5°F (3°C) and preferably at least 10°F (6°C) higher and/or
(b) a space velocity of at least 10% and preferably at least 20% lower, than the
temperature and/or space velocity used to dewax the lower boiling fraction.

BRIEF DESCRIPTION OF THE DRAWING

[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
isomerate is then separated into a heavy fraction and a lighter, or lower boiling
fraction, each of which is further hydrodewaxed, separately and under different



6 dewaxing reaction conditions, to produce isonerate effluents conprising
heavy and | ower boiling lubricant base stocks. As set forth above, the
partially dewaxed heavy | ubricant isonerate, produced by hydrodewaxi ng the
Fi scher- Tropsch wax feed, is further hydrodewaxed at nore severe conditions
than is the lighter lubricant isonerate. The hydrodewaxi ng reaction reduces
the pour an cloud points. In the hydrodewaxi ng process of the invention,
the raw Fi sgﬁgfwlhjsfggsch wax feed produced by a cobal t*CAA1%/8P322ng
preferably a non-shifting cobalt catalyst, need not be treated to renove
aromatics, unsaturates or hetero- atong (including oxygenates), before it is
passed into the first hydrodewaxing stage. A |lubricant base stock produced

by this procdesaxisg reyqtion@bhditibuys) tooprodice istherate efftwehts comptising héwvyed at nil d
conditions, to,jnprovge colar apd stability, .t forma fi,nished | ubricant
base stock. ﬁ&di°gpek€m§ﬁ‘ﬁ]?‘hﬁ?é‘t£§seém ﬁiéﬁéfﬂ'ﬁ‘@qv% CPgPIAY arity, and is an
appear ance f gesed hERYIgbriEnd i§oﬁ1&ﬂte9ﬁtbhﬁ’qed%?'h?ﬁﬁ(ae\bﬁdﬁg {Heischeat al ytic or
absorptive nethods to_renove those constituents that result in _haziness.

Hydr of i ni shi AEPPseh wax,feed, isfurther hydradewaxed atangrg sexeen enpditions hgnjyBeess, which
| . . ; . 4t
enploys a Cah?lldxslhbn&}i%&ﬂagte@'ﬂe%&@ﬁﬁﬁ%ﬁ%c%ﬁ#g?ﬁ% 3}09r ifgove trace

amounts of heteroat om conpounds, tics | nprove oxi dation
stability andloudpoints. Hythedlyidrodewaxing progessiobthednvention, dhsrawnEischde a
tenperature @f firo tq 662F (150, t 500C), and preferably from 302 to
550F (150 to%"?é?dy’jmg?g%&@f’ b gl it £ Y 3R8-SHEE (2850 to

20786 kPa), aobaltquiatyst, heed ot be pested taremoié arofmatics, afsaturates 6r Hetdre- 5 LHSV (hfi)
and preferablé 0.5 tqQ.3 bfl. The hydrogen treat gas r)%tre wil] range from
250 to 1000029Es includingoxygenatesl befons 1 Passed inta the Yrethydrodewaxing: i se a

support conpgRgNt A fidficAitDasy stodk frodicad By Wid ARORS figled Bt 1 fTOM
G oups VIB (M, W Cr)c and/ osr irlg(r: |ﬁ:grgtpé( io??sgcgg)tygigd/or noblgie?ret als (Pt,

Pd) of G oupasd eptionalfyedebazadrat midrpopdifionsyfq imprevecqolarand stabilifleith, refers to
El oment s, copym e iR i oS ¢ ARBbim. fpfR IBAL GalBR " 0 T
met al or et af clantyyardds pn eppeatanée fanton sDehazingds typically achieved by either

catalytic or absorptive methods to remove those constituents that result in

haziness. Hydrofinishing is a very mild, relatively cold hydrogenating process,

which employs a catalyst, hydrogen and mild reaction conditions to remove trace

=N

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 3000 psig (2859 to 20786 kPa), a liquid
hourly space velocity ranging from 0.1 to 5 LHSV (hr") and preferably 0.5 to 3
hr''. The hydrogen treat gas rate will range from 250 to 10000 scf/B (44.5 to
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 npble 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 wi% 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



0.1 % for noble metals, to as high as 30 wt % of the catal yst conposition
for non-noble netals. Preferred support nmaterials are lowin acid and

i nclude, for WD 2004/ 033588 PCT/ US2003/ 033322 7 exanpl e, anorphous or
crystalline netal oxides such as alumina, silica, silica alumna and ultra
I arge pore crystalline materials known as mesoporous crystalline materials,
of which MCM-41 is a preferred support conponent. The gre aration and use
of MOM 41 |sw8|zg%°63§?p for exanple, in U S. patents B HYREIR2E 257 353
and 5,573,657. [0010] A lubricant base stock conprises a dewaxed oi l b0| l'ing
within the lubricant oil boiling range, having | ow tenperature properties,

I ncl udi ng pour and cloud points, sufficiently |ower than what the

res p_e]E:ft i ve f rexahple/articpheus dircqtstalloiﬂeoh?etblwﬂdkdeumqs' mgmnh?, silRﬁ{]sxﬂé@lSi lr3 ed
speci fication I rements. rjicant or finished |ubricant
pr oduct (the§i}“¥‘% ‘gﬁﬁ%qggép%ﬁ‘ﬂh@% %35 ?/SPP“PES prepared by
formng a ni Wu&fmatehmrdmﬁéh mu $ Q%fé?ﬁa%ﬁﬁbﬁpcoﬁ?{oﬁé& gfe an

effecti ve anount of at | east one additive or nore typically, an

addi ti ve paclpagparationand Hﬁth@f MEMA ireisclosed, foxiexample, in UIS. petentat i ve, but
non-limting %rg&egzg g&hsaglfy t47ves include one or nore of a detergent,
an

a di spersant, ’an »ant 1’ox1’ dn antiwear additive, an extreme pressure
additive, a pour point depressant, a VI inprover, a fr| ction nodifier, a

demul sifier, nt i,0xi dant anatlfoamant a cor. itor, anda
seal swel | c@ﬂ*(ﬂol "aﬁ#}f‘fﬁ&ﬂ HBWQSGIS%#‘*WE%%{) ‘Lg \"ﬁg‘k‘tg%ed in formng
the nixture 1umdambmad>mu ﬁi\ge,tﬂaaﬁagwtdaqﬁﬁuifelpﬂd@érdwdhaﬁ&ﬂg@md and/ or

dehazed after odevvax n to_inprove its color pear ance, and

stability. L t° ePPH’ct%rs Wﬂb&weythﬂeq’mafﬁmmctwel a%nl}adenmr&fbrre depend
on the geogra\ﬂghﬁ%dg[% %eét%e%%@e&ﬁ&hﬁh&e& m}eﬂ{%ﬁl jscant will be used.

For exanple, et have eze pol nt o gher than -47C.
Di esel fuel has respective sumer and w nter cloud p0| nts, varying by

oLobal e, {07 ke T b LR v
herein synonymously), is prepared by forming a mixture of a lubricant base
stock described herein and an effective amount of at least one additive or, the
more typically, an additive package containing more than one additive.
Illustrative, but non-limiting examples of such additives include one or more of a
detergent, a dispersant, an antioxidant, 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/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 propertics 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



stocks, may include a pour point of about -20C and a cloud point typically

no nore than 15C higher. A heavy base stock will typically be clear and
bright at roomtenperature and pressure conditions of 75F (24C) and one
atnmosphere ....... ... ... .. . WO 2004/ 033588 PCT/ U52003/033322 8 (101

kPa) pressure. However, in sone cases the cloud point may be hi gher than

75F (240). [QQ;&]W%% Fi scher-Tropsch wax feed (hereingften ~wax.) is

hydr odewaxed "in the first stage, which preferably conprises a Séparate
reactor and may include one or nore hydrodewaxi ng zones, through which the
effluent froma preceding zone is passed. The second and third stages may
conprise the sane or different reactors, in which the partially dewaxed and
separ at ed hed¥)1 kg presswre. Bowevarnig somg ases thetcloudmointanay teragher 88 pr oduced
in the first Lla?fv?se further hydro- dewaxed, separately and in separate
stages, at different”hydrodewaxi ng conditions, to produce the |ubricant
base stocks. One reactor nmay be used for both the heavy and | ower boiling

| ubricant oil_jsqmerate.fracfions, if. enployed in plocked fashion, with
only one fraclpb@:i pgg‘gﬁffﬁ{‘?r%h%ﬁﬁWf§‘i@ﬁt§¥m§5ﬁé\'ﬁé‘r$“i‘@'&ﬁ°§e%$ res
addi ti onal pufife PSEstigRMWARR pt¥érably Qompifses ASepdrhtB réddfr ¥odkmh P fftlude

hydr odewaxi ng reaction stage, each of the two | ubricant hydrodewaxing

reaction steﬁj’é§fmwmq“@§nﬁﬁen@rmM@Gémpﬁ*@omed’&cﬁé\ﬁg_zones, each
defined by azoﬁ@fs a¥stll BRe tseﬁ:lnﬂd 5{“5‘8?2 g%&é/as)%ﬁaﬁgéor:ﬁeﬂggte eV 'of Bifferdnt | S

preferred to enpl oy onl.y ree I on stages; (1) one for
the waxy f eedgactdrs,)inavhachitbe parhially dewaxed and/sepgrdted heawyxand lowendoilingi | i ng

the parti al TylarCsehBRl bR EER lne bF sopt b AR BB or otiuced 11
the first st ajpevaxdd)sepacatelyiahd theseparatd stagey; et different ydeodeivaging ey be used for
the wax feed ang/.or for qQne or re of the partially dewaxed | ubricant
i sonerat e fr SFOPHYARS “BEWEF?Q e ]“ggﬁ’é'é ?seéf?ékgré%FéctﬁW%be ¥ ng reaction
zones, W th ngi the BeHR ERdISRE HRlling Tut{cahCRL bR Erate R HEAsS ifdffployed

in blocked fashion, with only one fraction passing through at a time. However,

this requires additional pumps; and tankage for storage. As with the wax feed

hydrodewaxing reaction stage, each of the two lubricant hydrodewaxing reaction

stages may comprise one or more hydrodewaxing reaction zones, each defined

by a catalyst bed. In the practice of the invention, it is preferred to employ only

three hydrodewaxing reaction stages; (i) one for the waxy feed, (ii) one for the

partially hydrodewaxed lower boiling lubricant isomerate fraction produced in

the first stage and (iii) one for the partially hydrodewaxed heavy lubricant

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.



typically, but not necessarily, refers to a separate hydrodewaxi ng reactor.
The wax feed hydrodewaxing stage is typically operated at m | der conditions
than the two respective |ower boiling and heavy lubricant oil isonerate
hydr odwaxi ng stages. The heavy lubricant stage is typically operated at the
nost severe conditions. This mnimzes conversion of the fuel and |ubricant
oil fractiong, .t r boiling product, and maxi m zes_hoth fuel and

| ubri cant ba@é’“{“{?!é’g viel d. WD 2004/ 033588 PCTI US2003/ 6§E’§ 03108333 0s e
skilled in the art know that severity increases with increasing reaction
tenperature and decreasing space veloci§y. Hydrodewaxi ng reaction conditions
enpl oyed in the process of the invention include a respective tenperature,
hydr ogen par tThuse gkidedbintke ahknow thatsevetitydindryases with lincreasingireagtibm om 450- 750F

(232-3990), -2, 000 priJ 69- 13790 kPa n space vel ocity.(liquid
hourly spac (];CWB?%E‘F? %‘do(%c SRfe 6&29%’_- ﬁy#ﬁ%:?@?‘g@r{ﬁ?‘ﬁoﬁ ﬁgmﬁﬁqs nor e
general |y rangsplofeddfitifeitoods9bf the GfvedichGhclfOa ARPELLIG teinpefidie 5895 kPa) and
an LHSV of 0.5-3.0, with a pressure of from 200-700 psig 1379- 4827 kPa)
mor e typi cal . Bydregsnpartial pressurgandspageelackty hroadlymeging fre - ocar bon
synt hesi s progg§sSsogoch) g BP9 : or med by
cont acting aocgyn? %S)ﬁw%’gggggﬁgri si ng @Xﬂ?ﬁ?g% c@)y%%ﬁ@ﬁ@o&{l h a

Fi scher - Tr opsspacevdleditysr LHSV) ofiileh0+ RbeseZonditioniGvillonare generdlty range/ dr ocar bons
under shiftin f Ao f L o | 44nQNS | e pro f the

I nvention, un@%‘r8 58@-‘26 gﬂ%@ﬁ?&&h@@?ﬁ@hg’s gn(g M\/\'ﬁ?%ﬂ“ﬁ%‘?‘?ggﬁg?{ of% and
preferably no0.93t0 withaspredsufetof foAc2000T000:g (13794827 kd) ntoré typicaben t he
catalytic netal conprises Co. The synthesis gas typically contains |ess
than 0.1 vppm and preferably |ess than 50 vppb of sulfur or nitrogen in the
form of one @o13Pr at KUinbiwh thel th & FisEIRGTRopER hi dtdcABSH QIS piREROds for
renoving nitrogen and sul fur fromsynthesis gas down'to these very | ow

| evel s are knbatid anthgpsegusdydeosarbpmprofusts atefpgmed by gogtacting & smthesis 284, 807;

6, 168, 768; 6, JQ7 : mi%@g , : >, %HRT;,' ention, the
cobalt Fi schega-gfrog%gl(s:lﬁggata ys ﬁzi%%é@sé@%ﬁ%%?g?l}??%‘a S«% ective anount
of Co and opt whichltheHparel ©O reast ® 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 vppm and preferably less than 50 vppb of sulfur or nitrogen in the form
of one or more sulfur and nitrogen-bearing compounds. Methods for removing
nitrogen and sulfur from synthesis gas down to these very low levels are known
and disclosed in, for example, U.S. patents 6,284,807; 6,168,768; 6,107,353 and
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



pronoters such as Re, Ru, N, Th, Zr, H U M and La on a suitable

I norganic support material, preferably one which conprises one or nore
refractory netal oxides. Preferred supports for Co containing catal ysts
conprise titania, particularly when enploying a slurry hydrocarbon
synthesi s process in which higher nolecular weight, nostly paraffinic

l'iquid hydr gggsdapessdasoducts are desired. Useful catalpeghf@bessibel r
preparation are known and illustrative, but nonlimting exanples nay be

found, for exanmple, in U S. patents 4,568,663, 4,663,305, 4,542,122,
4,621,072 and 5, 545,674. Fixed bed, flued bed and slurry WO 20041033588
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and pressur g% 8g&§%% eané one a#n&%@%‘l&“&ﬁgsh%&pwg}s@g&éﬁ %P!J?érr{/)

Ei scher - \I}:}opﬂiqhi‘t\gdr?srﬂldli' ; alg., s?an) hﬂbsd'ome;gwamaﬂsrl daroan@éxhp??tuw ef e[)r F'(tj

ecause when a cabal t. catal yst, .an re a non-shi coba

catal yst is (FORgjHoRspffempeta @dtPBCSB‘BSng%@g{W\?EFVP f’rﬁfd(ﬂ‘glfp ul ar wei ght,
paraf finic hyfésoaar SRt FishEXTrdpSeh I cmﬂk,{méi B0k¥sds 4Ry bfEant base
stocks. By ﬁ%-shifﬁg S neggt tk?gfvless han wt%gnpl preferably | ess

than 1 wt % ofprefered, beeaysmwhen g enbalt catglystoandspreferably a nen-shiftmgzobalt | s al so
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hydr ocar bons carbdn i tHedfeetl)CQ is¢onverted to ZO,p Gtisdiso pfedlerted ts ¢pndiict theOF+ (371C)

hydr ocarbons for every 100 pounds, of CO converted to hydraqcarbons.
Preferably | SyBthesinfeadtipnimderrondisionytosynthesizefaens Hf the more desirable

higher molecular weight hydrocarbons useful for fuels and lubricants. In order
to achieve this, the synthesis reactor is operated under 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 and preferably at least 20 pounds
(9.07 kg) of 700°F+ (371°C) hydrocarbons for every 100 pounds of CO
converted to hydrocarbons. Preferably less than 10 pounds (4.54 kg) of methane
are formed for every 100 pounds (45.36 kg) of CO converted. 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. These high 700°F+ (371°C) hydrocarbon production levels have been
achieved in a slurry hydrocarbon synthesis reactor, using a catalyst having a
rhenium 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.



are formed for every 100 pounds (45.36 kg) of CO converted. Increasing the
~amount of 700F+ (371C) hydrocarbons produced in the synthesis reactor is
achi eved by one or nore of (a) decreasing the H2:CO nole ratio in the
~synthesis feed gas, (b) decreasing the reaction tenperature, and (c)
I ncreasing the reaction pressure. These high 700F+ (371C) hydrocarbon
production | gyshseliasee been achieved in a slurry hydrpgﬁﬁggd}m%ﬂt hesi s
reactor, using a catalyst having a rhenium pronoted cobalt conponent and a
titani a support conponent. Increasing the anount of 700F+ (371C)
hydr ocar bons produced in the synthesigireactor is achieved by one or nore
of (a) decreasing the H2:CO nole ratio in the synthesis feed gas, (b)
decreasing the reaction tenperature, and (c) increasing the reaction
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cat al yst, theomditiensrwith ocalfaltichmalyst) tHeanél®ratio dfitiee Hy tot ©© 4n the sgmthesis pr ef er abl y
the stoichionetric co tion nole ratio,.which is typicall about 2.1/1.
The synt hesi §aﬁ’z§§’?£6ﬁ§$'il{g‘?ﬁ§‘°£‘°meﬂ%ﬁ°ﬁs‘ﬁ?pq%‘% grass, P’éﬁbé&@'@éa‘hﬁt o the
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slurry synthesis reactor%, i n which the H2 and CO react in the presence of

t he Fi scher - thaispaten(inceiederdrabbled 3p dntp the bottom of thesslurry bodyoinai slurbhs  ef f ect i ve
to form hydr (ST ' < hquy . i on
conditi on)s/ (%pgﬁ%ﬁa&g’gﬂmﬁq‘g@h? %[é%gpolg{ggﬁ%ﬁgﬁ k%?l?éf qtf:&geuﬁlgi%l a slurry
react or). | n Txopschhydrocarban synthesis batalystnativenditiens ¢ffedtivetarfoom | i quid is

ted f t h t al yst icles,. filtrate b h i npl
FiTcrati on,  VEIRSTRRSfiion R hichofg i fd pube replhicncohaliphl B e’y 0 ™ ©
synt Ees | zed Rpthpfisehb hpdrosdrbor/ slpey IiQxliid ip& slarry réactdr). tlha slweﬁ&a; bon .
synt hesi s reactor as, oyerhea ,.along with unreacted synthesis gas an
géseous r eact %?Y“B}eﬁaff{}?%‘{.%%gﬁ’gﬂfﬂ‘“dtalﬁé@g”éﬁ%g}&?%%Bgﬁﬁlﬁﬁa‘i/aporg are
typically corflgsns®§ nieand MHEQS@%ﬂﬂ&H@&DSﬂh%@*&M%ﬂ&%ﬁRW' i qui d

filtrate. Thus, the initial bo poi nt of "t he synthesized hydrocarbons
renoved be used. Some of the synthesized hydrocarbons are vapor and pass out of the

hydrocarbon synthesis reactor as overhead gas, along with unreacted synthesis
gas and gaseous reaction products. Some of these overhead hydrocarbon vapors
are typically condensed to liquid and combined with the hydrocarbon liquid
filtrate. Thus, the initial boiling point of the synthesized hydrocarbons removed
from the reactor as liquid will vary depending on whether or not some of the
condensed hydrocarbon vapors have been combined with it. Hydrocarbon
synthesis process conditions vary somewhat depending on the catalyst, reactor
and desired products. Typical conditions effective to form hydrocarbons
comprising mostly Cs. paraffins, (e.g., Cs+-Cz00) 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/hr/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 shurry, fixed or fluidized bed Fischer-Tropsch reactor.



fromthe reactor as liquid will vary dependi ng on whether or not sone of the
condensed hydrocarbon vapors have been conbined with it. Hydrocarbon

synt hesi s process conditions vary sonewhat dependi ng on the catalyst,
reactor and desired products. Typical conditions effective to form

hydr ocarbons conprising nostly C5+ paraffins, (e.g., C5+-C200) and
preferably Ggsmodaaissd fins, in a fixed bed or slurry hBegieheydhas synthesis
process enploying a catalyst conprising a supported cobalt conponent

i nclude, for exanple, tenperatures, pressures and hourly gas space
velocities in the range of from about 1320-600F, 80-600 psi and 100-40, 000
V/ hrN, expressed as_standard val ume f the,6 gaseous CO and H2 m xture (60F,
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condi tions, tHhageastion ¢enditiops,and all op pertips of thisrondensate may bscopbinsAned with
the liquid s al, o} I A 40 | . | wax wl |
vary, depeﬁ%drllgéo %%@?%&c?@?fﬁgi{ﬁgwg?ﬁ%%ﬁ%gy‘gzrlrxoﬁir%lt& > condensat e
conbi ned wi ddpending blit]nirchcuirfW,coadiﬂonshandwmfeoh@nmtﬂm@t e. This will

also result | sQne. vaki ati o i 0 wax G jti-on. Lf .desirned, one or nore
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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. Thus, the
entire wax fraction (e.g., 400-450°F+ (204-232°C+)) may or may not be fed into
the first hydrodewaxing stage. The initial boiling point of the wax feed may be
above the 400-450°F (204-232°C) range, as long as at least a portion, preferably
at least 25 wt%, more preferably at least 50 wt% and most preferably all, of the
lower boiling fuels hydrocarbons (e.g., ~650°F- (343°C-)) remain in the wax
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-



continuously fromits initial boiling point, up to its end boiling point.
Thus, the entire wax fraction (e.g., 400-450F+ (204-232C+)) may or may not
be fed into the first hydrodewaxi ng stage. The initial boiling point of the
wax feed may be above the 400.4500F (204-232C) range, as long as at |east a
portion, preferably at least 25 w% nore preferably at |east 50 wt % and

nost prefer of the |lower boiling fuels hydrogcarhons (e.qg., -650F-
(343C)) rearrg’![))r%oolq)rqg’sfﬁe wax feed passed into the fi rstrﬁmﬁ%‘{f@éﬁ%i ng stage.

[0016] In the illustrative, but nonlimting exanple bel ow, the wax was
produced in a slurry Fischer-Tropsch reactor, containing a rhenium pronoted
cobalt catalyst having a titania support conponent and had an initial
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product with up to 20 carbon atonms and GC-FID in conbination with 13C NWR

for products . -> 20,.carbon ops. [0017] The sane dr odewaxi ng,. cat al yst may
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and not by cracking. By catalyst s npant a Cata )
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zeolite. [00% | . lﬁﬁlﬂ] L d %Hgl | e catal yst
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al um no- -

[0018] Hlustrative, 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,

mordenite and rare earth ion exchanged ferrierite. Also useful are alumina and

amorphous silica aluminas.

[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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conponent with a matrix material also known as a binder, which is resistant
to the tenpgygiddfi@sssgnd ot her conditions enployed in gdchrisslsi@¥h g Process
herein. Such matrix materials include active and inactive mnmaterials and
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catal yst i s Wkamsaterialgwhichicapse problems icpregessiBg-whi ch tends to break the

catal yst down into powder- |like materials which cause problens in
processing. [0020] Naturally occurring clays which can be conposited with

t he solid ac[0820k oriNammilly oceurtinglelaysrwehioho canrber coldpositeadovithntie lkelid acid f ami | i es
whi ch include the sub-bentonites,.. and t aqQl i ns conmonl own as Dixie,
McNanee, GeofQiRPney aﬁ?%&'F e %@PQBP%EPSWCW%‘HD’?ﬂ%“@? n nineral
constituent fb-teatdnitys; iahd the Ksaksi cdininfonlydkidiwnt 8 DiRiec McNameé, Gddggixi t e.  Such

clays can be used.in the raw state as
y and'S Felorida clays, or others t‘in which the main mineral constituent is halloysite,

kaolinite, dickite, nacrite or anauxite. Such clays can be used in the raw state as
originally mined or initially subjected to calcination, acid treatment or chemical

modification.

[0021] In addition to the foregoing materials, the solid acid component can be
composited with a porous matrix material such as silica-alomina, silica- '
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



originally mned or initially subjected to calcination, acid treatnment or
chem cal nodification. [0021] In addition to the foregoing materials, the
solid acid conmponent can be conposited with a porous nmatrix material such
as silica-alumna, silica- nagnesia, silica-zirconia, silica-thoria,
silica-beryllia, silica-titania, as well as ternary conpositions such as
silica-alumna-thoria, silica-alumna-zirconia, silica-alum na-nmagnesia and
si i ca- magneXOUPEBhi a. The matrix can be in the foffFEFoBEHZI

M xtures of these conponents can al so be used. The relative proportions of
finely divided solid acid conponent andsi norganic oxide gel matrix vary
widely with the crystalline silicate content ranging fromabout 1 to about
90 percent byhydeddgivaxeddodrerviking labritany oil frattion prodged &f thalfiostistage,t 0 about 80

percent by weight, o conposi t 0022] . On, the other. hapd, it is
preferred thaﬁ"gm’i’ée E%ISM‘%F*‘@%LEFYEZ#@%&@ Xsﬁléman%FatﬂM?t%Fﬂg | ubri cant
base st ock, mbn{fﬁsemy&adgéhsﬁawgaaedt lagd RZSM-38 Lo ARShe3 3588
PCTI US2003/ 033322 15 "hydr odewaxed | ower boiling lubricant orl fraction

produced in tpreferablysthe bydrggen formnn a prefesred smbodiment, 4hg/ Z8MBIB c&ilyst8 cat al yst

Is meant a c | | and a ZSM 48
zeolite com%?ﬁgﬁe%ﬁg%%%%&#?ﬁﬁgéwx&&nﬁé E@?i gé"?ted enbodi nment
the ZSM 48 * cladctionstd producathe heansddbriicant dil/ base dek.xtigprefeeredas tisead | y

hydr odewaxed vy, | ubri cant ract,i qn, t rodu t he .he | ubri cant oil
base stock. Iiﬁﬁé%p?‘g"?ﬁ f°:l&'df‘5{eﬂ’§§h§%°§‘§f\f‘h °¥'£P§E?§?°“t‘8 aﬁi%?td’&ﬁwax t he
heavy | ubri casdgeOiThisf doald beQhie fifst 8f whefted stagCor dnly e or hdieSsubSdguentbe t he fast

or wax feed stage or any one or re.subseguent stages in which only the
heavy fracti offages %VE'FQBM%E*‘VY agtiangd$ bygpdeveaxed oIn &WEsRTpieRed t he ZSM 48

| . i ' h S 8
catal yst is usfshdiéntatht ZSM—@@cﬂ%l?&&ax g%r{jﬂlatﬁhfcf@'?ggrodeﬁr%g ft?@est e ZSM 4

catal yst is used to hydrodewax the partia dewaxed | ower
boi | i ng and hEhaatys, thelASM=8icatalyist is asedeto dtydeodewarithe saxticed anddherdewaxi ng t he

wax feed. Q h}?ﬂi’ﬁﬁﬁ&%ﬁ%ﬁ@b&ﬁﬁf&xyfﬁﬁvyﬁﬁkﬁm ioﬁ i§o¥r?erates produced by
hydrodewaxing the wax feed. Other hydrodewaxing catalysts useful in the
practice of the invention, include any catalyst that dewaxes mostly by
isomerization and not by cracking or hydrocracking. Zeolites and other
molecular sieves comprising ten and twelve membered ring structures are useful
as dewaxing catalysts, particularly when combined with a catalytic metal
hydrogenating component. Illustrative, but nonlimiting examples of suitable
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 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



practice of the invention, include any catal yst that dewaxes nostly by

| soneri zation and not by cracking or hydrocracking. Zeolites and ot her

nol ecul ar sieves conprising ten and twel ve nmenbered ring structures are
useful as dewaxing catalysts, particularly when conbined with a catalytic
metal hydrogenating conponent. Illustrative, but nonlimting exanples of
sui tabl e nponent s useful for hydrodewaxin or exanpl e,
ZSM 23, zsmgzam”ﬁims ZSM 57, ZSM 22 al so known e v TON, and
the silica al um nophosphates known as SAPO s (e.g., SAPO 11, 31 and 41),
SSZ- 32, zeolite beta, nordenite and rgge earth ion exchanged fenierite.

Al so useful are alum na_and_anorphous silica alum nas. The hydrogenation
conponent wi Qomparyyptydredewaxingsxperimentependscted withFischer-Eropssbrax and
preferably a I ﬁ’ﬂ%ﬁg in Pt and Pd.
Nobl e net al g‘o#\e?g?\{a}éaa&ﬁ%tr@pﬂﬁﬁ%gagyswsgu grr@ég%u@g%p%@ % of the netal,
and nore typiesamply, rhnemmthixmnxch@gzdﬁem% mherderdtepzedlitecbetay SAPQz bt,al yst

ot gf‘ty’st'ﬂﬁ'n#?ﬁ%@fﬁ@eﬂf A4 P} ol B poREtt, R S P 8 oup V1 11

as found in PlanbeipessiliveilahikqRoRdilica). Ta xﬁﬁexmes £d&nixingcopyri ghted in
1968 by the ent-Wel ch Scientific WD) 2004/ 033588 PCTI US20031033322 16
Conpany. I—Iydlc s’éﬁﬁﬁylﬁéﬁ%‘hﬁ’cﬂ?ﬁ%@éﬁ%aﬂ?@ﬂ%%?&#%h wax, have
reveal ed thatabm%ozﬁ%&&h%oawgémoe)ﬁwﬁ%ﬁ»%cL 5%&6‘6 Bydrodaftloidi ng, for
exanple, rare earth 1on exchanged fenierite nite,” zeolite beta,
SAPO-11, TOhoding ivtheifeds range. eriguents baveshomnghn ZSMed$ @mwmnore It is al so

superior to ?étﬁ)glyt; mcﬁg%goﬁﬁétfoﬁ,awﬁllcﬂ%ﬂ?slgsgébsﬁ tﬁ?o | o tgé((?erl ments usi ng

a dewaxi ng el t her a or anorphous
silica al um rcanvemdnomt7OBtF-\(B7/b°€f-) hyldeocathohs: Thelfr€pardtionatfiZSM-48ds converted to

hydr ocar bons I I n s ran per.i e the ZSM 48
catal yst is %géfs ‘%%?QSS&I &oﬂ’u i Bﬁeﬂ%ﬁ%@ﬂgﬁi 4@}%5 700F+
( ?7 %gw \ng f afdl5,09526%® 284 BP 0 p12310 the ﬁﬁé’lbmees) of WilElp&re ilkdksoratddie pr epar ati on
o is
herein by reference. The 700°F+ (371°C+) conversion is calculated as follows:
700°F+ conversion = [1 - (wt% 700°F+ fraction in product)/(wt%

700°F+ in feed)] x 100

[0023] The Figure represents one embodiment of the multi-stage portion of
the process of the invention and is intended to be an illustrative, but nonlimiting
example. Referring now to the Figure, a three stage hydrodewaxing unit 10 of
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



wel | known and is disclosed, for exanple, in U S. patents 4,397, 827,
4,585,747 and 5,075,269, and EP 0 142 317, the disclosures of which are

i ncorporated herein by reference. The 700F+ (371C+) conversion is

calcul ated as follows: 700F+ conversion = [l - (wt'/o 700F+ fraction in
product)/(wt % 700F+ in feed)] x 100 [0023] The Figure represents one
enbodi nent of, .t | -stage portion of the process ' tion and
is intended %ngg@oé?r#i | lustrative, but nonlimting exgé’{)*%.%mhg%ﬁg:ri ng now
to the Figure, a three stage hydrodewaxi ng unit 10 of the invention

conpri ses hydrodedwaxi ng reactors 12, 14 and 16, each being a separate
reactor and containing one or nore fixed beds of a hydrodewaxing catalyst.
The respect i vi4 pamnds (635 kg) of 760 F+BAIIGH) hydiocarbens pes 10@poundd 1 and 161.  The
hydr odewaxi ng | RN ch,reactor Jis t.h a nd..cogpri.ses a ZSM 48
zeolite corrpo%‘g%{ﬁ‘&ﬁf%bﬁﬁ?ea%&ﬁ%ﬁﬁf%ﬂ"%%&dﬁgﬁf‘?@@“ﬁéﬁ Zg tlieo\vﬁ eis the
hydrogenf f olr neomtiftudulsly %Mdmﬂmo bi’ﬁmg@‘ﬁﬂppﬁhﬁ@hp t‘@{@éﬂdﬂﬁﬁll iy piﬁﬂtpﬂhithRe
amount of plafinumis Q. 0 ed on the tqotal_cata wel ght . An
unt r eat ed, raﬁmt‘?ﬁe&&&%@ﬁﬁi@%MW@X&B@WSW@M 7@@%?”6%@?&% fraction
produced by amd365¢961000°PRISIBOEY) Uhbsily nBAkdl Phrabft IRRRYSEh enfefP! OYi Ng a

titani a supported, rhenium g;om)t ed Cobalt "catalyst” a !d oper ating at
condi tions t orepetexil?-va dine R au@m:asgmdmnwém‘%/(@@m 17 14

pounds (6.35 + a“l)gﬂ 45. 36 kg) of
CO converted @50 Fég g%gxgggﬁggol?sééﬁ%??gf)b §i"g°q711 %@W‘zg‘&%x
conti nuously iate 6f2500 8EF/B.sThewhx feed ixdiyldradgwaxedrih, 12 @ptodu¢d am end boi | i ng
point, which .is eater than. 1050F (566QC)),. This C rises, 72 wt/o
700F+ (3710) ™8 ﬁ‘ggéﬁ)f%iwp% gnﬁgﬁlﬁgﬂﬁs@dﬁ%ﬁﬁ@awm ogen
enters react partidlR dewaxkd, 18028 (372¥C) 1Gbrichst sIPEEGHOAS Tht dieséldiakiigns of 586F
(3080, a hydrgg&n ®ressure,of 250 psig (11724 kPa), an LHSY of 1 and a

f

hydr ogen gas (¥ 06F@§@'@7$%¢)/)B.351'Fﬁ_@°%@¢‘@e@dip§“h9‘éﬁféd’§m’a&§dnﬂn 12 to
produce an i 3BAEr ghi} efflidnt' Rasse@ A lind 51) 6 YR §GEbsPREHY fréssarad di esel fuel

fractions, and a

fractionater 18, which separates the fuel and lnbricant fractions. The fuelis
removed via line 32 and the 750°F+ (371°C) lubricant fraction is removed via
line 34. Line 34 passes the partially hydrodewaxed isomerate lubricant fraction
into a vacuum fractionater 22, which separates it into a heavy (950°F+ (610°C))
and a lower boiling (700-950°F (371-610°C)) lubricant fraction. The lower
boiling lubricant fraction is removed from 22 via line 38 and passed into
hydrodewaxing reactor 14. The heavy lubricant fraction is removed via line 40
and passed into hydrodewaxing reactor 16. A minor amount of entrained middle
distillate, 725°F- (385°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



partially dewaxed, 750F+ (371C) lubricant oil fraction. The diesel fraction
(-320-700F (160-371C)) has respective cloud and pour points of -15C and
-35C. This effluent is passed, via line 30, into an atnospheric pressure
fractionater 18, which separates the fuel and lubricant fractions. The fuel
Is renmoved via line 32 and the 750F+ (371C) lubricant fraction is renoved
via |line 34wobeomessss passes the partially hydrodewaxadtsensiaie | ubri cant
fraction into a vacuum fractionater 22, which separates it into a heavy
(950F+ (610C)) and a lower boiling (700-950F (371-610C)) |ubricant
fraction. The lower boiling lubricant¥raction is renoved from 22 via line

38 and passed,into Q | .reactor 14 . The heavy. | ybrjcant fraction
i s renoved viaapef'fyngo _ +a(ﬂ?%§t@§ﬂ°ﬁ“ﬁ§§?%%%ﬁé§?&ﬁ§“¥@§g\a&ngf6 A ni nor
amount of entclchidpemt 6F sbue+3%. Sthe HydiclewdxdaefilbctiofrodudeB i 14 #d 16,S renoved
from22, via liné 36, and passed into |ine 32. Reactor 14 operates at a

tenper at ur e &fFepReetvsly emaved yipdines 44 and 48, qombined in 44, endpaysedale hydr ogen,
Wi e 10T oy BB b 715K udBAbodie? B Bty (AZRE2) Y 0Gen.

The LHSV and ogen gas space ve I'n e reactors’is the sane as
in reactor 1dewzked lhbricapt basel stockeffluetisfromrlg and d6tareeash passed inta @er dewaxed in

their respective. hydro XL NQe react gL s 4 and 16. t Loduce .base stock
oils of the & tg,g%tg%ﬁ%ﬁ?fgﬂﬂp@p&?oﬁww nrvlfgac?%nggﬁtgrms?e&f& °€i aline 42
and reactor DYeing\combinedand fed ikte aGinglestrain, a3 Rhow®in the Pipucee Thydr odewaxed
effluents respectivel y co 1.5 N Lahb/pedjum lubricant (isonerate) base
stock fracti F“Wﬁé'lgwggéﬁ‘ﬁ%igﬁgoﬂéﬁ bggﬁy‘i@‘i@% 0%%3M3£°;LO33588

PCT/ US200310338vession 8f sdnfeesiive 125080 (3850658 dkdcat BHRs i Pénd(165 af¥er at e) base
stock fraction having a cl @ugég)m nt of ‘about +8C. The hydr odewaxed

ef fluents pr sapareted framthe _8509 brigans base; speckymateripb gediremoyed i nes 44 and
embod ment - ( k0, MR TACERETIT Py hART B e S0 e pBlBPinghe 1 S0
from 14 and ZTeéelahydrecarons ars knei32 andpassed.saplinel2; to eitteen tankagel ortfuhen of
atmospheri c %Qgce\s/s&xlx(\:gq Lﬁgs];& o hmie%]a%tfgé fhto ﬁ] %tagggna%frs 18,20 and 22 pass a

combined total of about 7 wt% naphtha, 45 wt% diesel and 1 wt% of a light

(e.g., 700°F+ ((371°C+)) lubricant base stock into line 32. The 700°F+

(371°C+) base stock fraction is removed from 20 via line 52 and fed into

vacuum fractionater 24 which, by way of illustration, separates it into light,

medium and heavy (1000°F+ (538°C+)) lubricant base stocks, having respective

C

viscosities of 3.8 cSt, 6.0 ¢St and 15.7 cSt. These base stocks are removed from
20 via lines 54, 56 and 58, sent to hydrofinishing 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 ¢St 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-



bei ng conbined and fed into a single train, as shown in the Figure. In
fractionater 20, |ower boiling, 725F- (385C) hydrocarbons formed by the
conversion of sone of the 725F+ (385C) hydrocarbons in 14 and 16, are
separated fromthe 725F+ (385C) |ubricant base stock material and renoved
via line 50. The 700F- (371C-) hydrocarbons in line 50 are conbined with the
fuel s hydrocarbons in line 32 and passed, via line 32, to either tankage or
further proV@2¥PHS88Based on the wax fed into 12, frattVERYPEPE218 20 and
22 pass a conbined total of about 7 wt% naphtha, 45 wt % diesel and 1 wt % of
alight (e.g., 700F+ ((371C+)) lubricgnt base stock into line 32. The 700F+
(371C+) base stock fraction is renoved from 20 via line 52 and fed into

vacuum fr act icontainfg treat gdtiviich i9) tieBtygad Strédn bétitiifing MydrogePiraat es it into
light, medium and heavy 100QF+ ( 5388:@) | ubri cant base stocks, having
e

respective {#MmouRtsAt{gagisufficient forthy intep agtions,plusothergas o gESe base st ocks
are removed gt ﬂ’&rﬁﬁéhﬂﬂ%?ék{ 0B stihths kiR wnicR il b Ol g' ng and

optionally de 2|ng not O I nprove co stability an ppear ance,
and then to Muﬁagmﬂlms&dctenhenﬂmm@onﬂedtbcmmﬂucsaamemagasstretaut al of 30-52

wt % of | ubri t S . Oi fromfracti.qnater,,24. This

i ncl udes 12-3@1%\%?%&@*0%%%&5’.“@& %‘iy%gnt?gag}a)a%ta ?ut é’og.o/ﬁ cSt stock
and 8-14 Wt(mefrepi‘b&rélﬂthhﬁtabdwsﬁvﬂr%:hydﬁdsgbn mﬂxedhteydieﬂ@wcemi nts of these
t hree stocks eg\;ﬂ 8. 6/ -30 -7.6[-21 8/ -26C, .res ectlvely Overal |,

L OEs | obr ieBbRdisat (e Syhesis g i proices B Sl 655 Gg &9 B he 700k
(371C) fract Icemmlséhlaﬁw%écﬁﬁwydt dﬁ@&le‘é\ﬁ‘éjwaxy[ ddarﬂdisstmcmet ext of the

i nvention, the terns rogen hydrogen ~ treat gas" are synonynous and

may be ei t herdeyexed byythe wlﬂqstese wdfgﬁewevgea PW%OGWF ogBEwsuIbErnaErg03/ 033322
;g Cg%ﬁln?l g%a% g:t%%n su ﬁ'@ ‘gﬁs 9?3?‘“%1 e [ n endg’é r eacﬁ}gﬁ wﬁ’ﬁ%shgsag?ega;nor
gasses (e. g.primarily Ggdrydencarbbisgy nitrogemiandcGOh oTimssit dmdeaimdmtm)velyhi ch will
TS N R PR AR

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 catalyst and preferably one that is

non-shifting. In producing synthesis gas from natural gas, sulfar 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. 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 NHj3, both of which are

poisons to a cobalt Fischer-Tropsch catalyst and must therefore be removed

down to levels below 1 ppm. Ifnitrogen is not remoyed 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,



I ntroduced into a reaction stage will preferably contain at |east about 50
vol. % nore preferably at |east about 80 vol. % hydrogen. In the

i ntegrated process enbodi nent 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 nulti-stage hydrodewaxi ng
process. |t woa6b@bsssigusual for natural gas to conpri Spcass260864333S 92+ nol e
% met hane, with the remai nder being primarily C2+ hydrocarbons, nitrogen
and CQ2. Thus, it is an ideal and relatively clean fuel for synthesis gas
production. The nethane has a 2:1 H2: C2atio and is ideal for producing a
synt hesi s gas _having an H2: CO e ratio of nom nall 2.1:1 by a

conbi nat i on th“ghﬁhF‘i‘ W§ﬁ3&fr&0}° %@@&ﬁﬁbpefmthqswg. IPGEsice

stoi chionetri i ' ' art@lo:a84tlok! Wbbsié st for
hydr ocar bon gﬁrnﬁglg?éggﬁa&s{?ﬁﬁ%ygygf%as ?’ghﬁl 3tél’a or pr%ﬁ%ﬁgﬂésynt hesi s
gas having tWateries shideastion and combinationpthereof. HPhese processesdinclode gasui red when

using a cob Fi - _ ' st and

pr ef gr ably oﬂ’z‘t’%ﬁ#a‘*?‘f"?§*‘%W%§%%?%‘%@“ﬁ§‘@%m@% gas from
natural gas, synthésis gaspgndraticr (FBSG)) partiahpridation POX); eanalytieipdrtialm t he nat ur al
gas, and in sopg.ca al sp nitrggen a e remainin t hane-rich
gas, al ong w#ﬂﬂ@g@pbﬁmgﬁ?m%ﬁgg‘?}‘%%mgﬁggﬁggﬁnﬁ?ﬁ W&"g?ﬁ hesi s gas
generator. Ogy@ethelsnthéstf isb9Paftial Gtilatidaunad @Iyt stetll @&forhing N ATRIUCE

nitrogen into the synthesis %as generator (reactor). During the synthesis
gas react i on,and FBSGan prefearcdipr produsing synthesis eagin thewractics of¥iei ch are poi sons

to a cobalt Fyarleh - 1eRag b GRlaholssd il BB e RRR FLAL i eirBlipy °d  down to

| evel s below 1 ppm nitrogen 1s not renove rom atural "gas, and/or
if air is usddrexample il patentf5,883438n, before converting it into synthesis
gas, HCN and NH3 nust be renoved fromthe synthesis gas, before it is passed
into the one re.hydrocarb hesi,s reactors. In a nt hesi s gas
gener at or, tt‘@&#j?uﬁl‘f' ¥ h%‘ﬁ%%ﬂ%ﬁf@@ﬁ%ﬁf%ﬁ”@%@ﬁo f orm synt hesi s
gas, WO 2004/&xadpRbeldl| US2003/ 033322 20 which then serves as the feed for
t he hydrocarbon synthesis. Known processes

EXAMPLE

[0026]  The Fischer-Tropsch wax used as a feed for the hydrodewaxing
process of the invention comprised a 430°F+ (221°C) waxy hydrocarbon
fraction produced in a slurry 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. 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+ (22.1°C) 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



for synthesis gas production include partial oxidation, catalytic steam
reformng, water gas shift reaction and conbi nations thereof. These
processes include gas phase partial oxidation (GPOX), autothermal reformng
(ATR), fluid bed synthesis gas generation (FBSG, partial oxidation (POX),
catalytic partial oxidation (CPO, and steamreform ng. ATR and FBSG enpl oy
oxygen and f ynt hesis gas by partial oxidatio tic steam
ref orm ng. Af‘%ggpg‘{‘(g?%%SG are preferred for producing syr}ﬁ?@gzéo?g&g;ég in the
practice of the invention. A review of these processes and their relative
merits may be found, for exanple, in U,S patent 5,883,138. [00251 The

i nvention will be further understood with reference to the exanple bel ow
EXAMPLE [ 002 athotiitef Catalybten thierthyes edactuasR L RTamlR3 wasdd00,@70tahé 7hy dr odewaxi ng

process of the inventiagn rised a 430F+ (221C) waxy .hydrocarbon fraction
produced in ar%‘P?ﬁ“l"'glyF' M&Wﬂ?@%&&%hﬁrﬁwﬁﬁﬂw and CO were
reacted in they@oEaBetsan 8l tited feh@bis2 HUSRPDALLFEl6 WA las ey driPefidting! YSt tO
f orm hydrocar bons, nost of which were liquid at the reacti'on conditions. The

synt hesi s r ea&PWPOReat opscPmppsitg of thedydengen frm ofsheZ8Mttzeglita anden 14 pounds
(6.35 kg) of 3(1C ) tr{jﬁs)t of CO
converted to hy Jriﬂ(;%:éilg%%ng%eQ%&ég%@ﬁ£§%f%9@%§?é@%%s y nor nal

par af fi ns, i notasgiepared acéordingtocthe preduré BIALS) patemtrSo07a;269 the disdlodge 2 Wt % of
1000F+ (5380 rocarbons. This.raw (untreated) wax boiled continuously up
Lo its end pohiRishigpeaBamterein Bmesihdst e B rotRonemtouty Pty |, it b ¢ ne
first reactor implephatioh, ollywéd BypédiEining aldfedactivndlagaeiown grosédagas were used.
Each of the three stages was an i sot ﬁermal, up-flow, fixed bed reactor (R,

R2 { and R3) and each contained the sane hydrodewaxi ng catal yst. The relative

WO 2004103358§06367 11 @;ggaggg,%gégg dizg,%a%@gn%ef@éoﬁhﬂéédﬁsﬂnémgﬁhr ee

reactors R, and R3, was 4 270
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 injector was used
and, prior to injection, the samples were gently warmed using hot water. Boiling
ranges were estimated using the TS and T95 determined by the GCD results.
Cloud point values were measured using ASTM D-5773 for Phase Tec
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+ (37 1°C+) fraction was fractionated by vacoum
fractionation to produce a 700/950°F (371/5 10°C) and a 950°F+ (510°C+)



respectively. A ZSM 48 catal yst was used for hydrodewaxi ng the waxy

hydr ocarbons in all three reactors. It conprised 0.6 wt% Pt as the

hydr ogenati ng conponent, on a conposite of the hydrogen form of the ZSM 48
zeolite and an alum na binder. The hydrogen form ZSM 48 zeolite conponent
of the catalyst was prepared according to the procedure in U S. patent
5,075,269, t{@Hpsds@sure of which is incorporated hepgjpshdsnsHiLr ence. The
Pt conponent was added by inpregnation, followed by calcining and
reduction, using known procedures. [0027] Gas chronmatograph distillations
(GCD) were conducted using a high tenmperature GCD net hod nodification of
ASTM D-5307. The columm consisted of a single capillary colum wth a thin
li qui d phase fracian whighrespeptively eqraprised thelawerhoilingandheasy Inbrieant el q

consi sting ofe.a.:hai |4 (Mg 2P 524 i infdfleCarbons. A
tenperature pffa%‘d?‘gym?@gg?‘g?é’[@@é‘ﬁmdﬁgs usedhyr a%gi,lg‘%ﬁ%%%sladginectl on, the
sanpl es wer e sgeontlIrgactua (R2)xtopsoduge b bydradeveaxed Bffluent) svhichaoogepsisedes e est i nat ed

using the T5 T rym. ned by t he results. Ol oud.goipt val ues were
measured usi n@a%ésbﬁﬁ%ﬁgﬁw%ggtg%%pﬂgqmqgpawggfﬂ{oﬁ | ubri cant
procedure methsRC. PeessoBP+ (8718as) fravion afd hydioge wiérd Ged itothd Mifd 5950 for | SL
Aut o Pour Point neasurenent. Viscosity _ and viscosity index were neasured

accor di ng t o TE¥EOTARTMI,producesm ispmerate sf{lyentsompriging ¢d. REIW.  Noack

volatility HERACHHS ' | PEh Gaipoods et al
bat h. [OOZB}AQﬁr?le raw ﬁgﬁﬁgg%g@n wer e@?&ﬁ?‘gwﬁgéﬁlﬁer@gt reactor (Rl),

whi ch  pr oducsdvession o6 TRO°E+ B CtHubyrdrocadins ko700 Fa (7 e dotdw- esel fracti on,
having a cla i f @9? t- i r | ubri cant
oil fracti on.clArCLf’ﬁlg’er%Jih&é S %&ﬁ?ﬁgﬁ?&ﬁg?&?&& ?%ﬁﬁggﬁ%%%spher iC
di stillation,feed TEdpmeaisahattlec700PF(3MP0H) seledtivity of the pracessiwdsi7a®é.i on, from
the 700F+ (371CH). | jcant fraction,. The, 700F+. 1C+) fraction was
fracti onat ed ﬁf%‘&‘ﬁé ’F"Fg@f profiug ‘HFfefbbenE‘F%ﬁ‘lflg‘gsﬂ'{e%Ul @‘me%?fl/ 510C) and a
950F+ ( 510C+)atbiphefidtadiiviatiiin QishiiatehGR/1pRBE A2 St)2thedium (~6 cSt) and

heavy (~16 cSt) lubricant base stocks. The reaction conditions and base stock

properties are listed in Tables 1 and 2 below. The right hand column in Table 2

lists the properties for the combined 700°F+ (37 1°C+) lubricant base stock

fractions, produced by the second and third reactors.

Table 1
Temperature Pressure Hydrogen Rate
Reactor °F (°C) psig/kPa | LHSV SCF/B
Rl 586 (308) 250/1724 1.0 ° 2500 ®
R2 597 (314) 245/1689 1.0 2500
R3 616 (324) 251/1731 1.0 2500
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Pour Point, C-30 -21 -26 -34 Coud Po' 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
produci ng fuels and | ubricant base stocks, including a heavy |ubricant base
stock, from Fi scher-Tropsch wax conprising hydrocarbon fractions boiling in
the fuel and lubricant boiling ranges, said process conprising (i)

hydr odewaxi ng said wax to produce an isonerate conpri sj hydr odewaxed fuel
and a partia%meHQﬁ?%ﬁewaxed | ubricant fraction, (ii) E@%ﬁ?é?@ﬁ&nthese t wo
fractions, (iii) separating said partially hydrodewaxed | ubricant oi
fraction into a heavy fraction and a Lower boiling fraction, and (iv)
separately further hydro- dewaxing said | ower boiling and heavy fractions,
to produce | wtrAAast base stocks, including a heavy |ubricant base stock

2. A process according to claim1 wherein said dewaxed fuel and said heavy
and | ower boiling base stocks each have cloud and pour points |ower than
that of their respeqti ' s ' &@mﬁi : cording to
claim1l or 2 wherei 2 sé?’ésﬁsﬁo (}) emgiﬁgﬂsiqg ac |":§l\1/teb§S %{/t&%g’gg‘rﬂg{meigy

cont acti ng saikavpplubeinaht bassistark, fram Fiscbert Trapdch vehwampdsing hipdrocaxben f r act i ons

wi th hydroge i.n_t.he.pnr nge, of hydr.odewaxi ng caj al yst at .hydrodewaxi ng
condi ti ons. M%%?‘é‘&ﬁ@%@?ﬂdg%%g‘n'{? TERES ’ps?aédtc%rmy%@c?ﬂ‘%sﬁgg wherei n
3 aiod ngvy | @thydeodewakiag eaid ‘wmlcfio bl%duc&mniifdnid;crﬁb cbﬂbﬂi&iﬁ@laj&ﬁbd&\;aﬂéd be;tNh ween
50- 1, F. .. A process.accqrdin 0. any. of. the precedi cl ai s erein
sai d wax and é‘é}d‘fd&fpa@a héfé?"BF‘é’l‘l"‘i l‘é’é\_ﬁﬂﬁéﬁcp%&‘) %B?‘P%‘T‘gﬁ}wﬂeavy
lubricant frepgetibss) fiiif sepatiti gﬂem&n&hﬁm&dmmﬂieﬂmﬂmﬁages- 6. A
e

process according to any of precedi'ng clains wherein said |ubricant

base stock hdisanchactiopand pilowerthoding fractign, pachtiy) sepaately fugther hydro-

dewaxing said lower boiling and heavy fractions, to produce lubricant base

stocks, including a heavy lubricant base stock.

2. A process according to claim 1 wherein said dewaxed fuel and
said heavy and lower boiling base stocks each have cloud and pour points lower
than that of their respective fractions in said wax.

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
lubricant base stock has been hydrofinished and optionally dehazed.



WD 2004/ 033588 PCT/ US2003/ 033322 25 7. A process according to any of the
preceding clainms wherein said |ubricant base stock is conbined with one or
nore lubricant additives to forma Ilubricant. 8. A process according to any
of claimse 3 to 7 wherein said hydrodewaxi ng catal yst conprises a

hydr ogenati ng conponent, a binder and a solid acid conponent. 9. The

process of cl.ai erein said solid acid conponent i Lgoh fromthe
group consi stk"{anzg3 @? SM 23, ZSM 35, ZSM 48, ZSM 57, Zgﬂég%o@eo Ite beta,

nordenite, rare earth ion exchanged fenierite, alumna, anorphous silica
and m xtures thereof. 10. The process gk claim8 or 9 wherein said

hydr ogenati on conponent conprises at | east one Goup VIII netal conponent.
11. The process of any of clains 8 to 10 wherein said binder is selected

fromthe group consisting of zeolites, days, sili.ca, alunna, netal oxides,
Si 11 ca-al Um na, sili%aAmigessfceordng ipny of the gtcading FlafREWPAEISEY o || ca-
beryllia, silbAcdntb@Ristock 5 donfbined!with diR-dr Mré RibriSadt ia@ditiPésubiféh a Zi r CONi a,
silica- alum na-magnesi a, silica-nmagnesia-zirconia and m xtures thereof. 12.
A process acclybd to any of clainms 3 toll wherein said hydrodewaxing
catal yst used to further dewax said partially dewaxed | ower boiling

| ubricant fraction, to produce said | ower boiling |ubricant base stock,
conpri ses a ZSM 48 Z&olA precesphdcdrding td any nbciaiarst3 tolBwhekeiprsaidess according to

any of clains to 12. wherein sai d dyogenat i nqg _conponent conpri ses a
nobl e netal . \5@“2@6"&?‘%&3@@5 %%ﬁg’ﬁ“g?%‘l’f&_ Aaﬁpé??e?g%accor ding to
any of cl ai mesolidtadidlcdmposéti N sai d hydrodewaxi ng catal yst used to

hydr odewax said partially dewaxed heavy
{

9. The process of claim 8 wherein said solid acid component is
selected from the group consisting of ZSM-23, ZSM-35, ZSM-48, ZSM-57, -
ZSM-22, zeolite beta, mordenite, rare earth ion exchanged ferrierite, alumina,

amorphous silica and mixtures thereof.

10. The process of claim 8 or 9 wherein said hydrogenation

component comprises at least one Group VIII metal component.

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,

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.



lubricant fraction conprises a ZSM 48 zeolite solid acid conponent and a
noble netal hydrogenating conponent 15. A process conprising (a) producing
synthesis gas conprising a mxture of H2 and CO from natural gas, (b)
contacting said synthesis gas with a cobalt Fischer-Tropsch hydrocarbon
synthesis catal yst at reaction conditions effective for said H2 and COto

react and f efgrowsisshydr ocar bons, including hydrocar pefgsiedieg i n the
fuel and lubricant oil ranges, including a heavy |ubricant oil range, (c)

passing at | east a portion of said waxy hydrocarbons to a hydrodewaxing
upgrading facility in which said waxy 2eydrocarbons are (i) hydrodewaxed in
the presence of a hydrodewaxi ng catal yst and hydrogen in a first

hydr odewaxi ng stage to produce an isonerate conprising hydrodewaxed fuel

and a partially, hyduodgysked elitaing3ohn ERMAR 1 i bhefBPAFL LN these two

fractions, (iii) separating sald partidlly hydrodewaxed |ubricant oil
fraction i nthydgodewaxing catalats:ttus%toawdm,dewmd pmuanmgewaxadhew and (iv)

{1 Bt ons. i et audh RambiE S 2R ok S0 i Qlfonf g ST, G

hydr odewaxi ngetal lngeogefistingicompasdnt.one separate respective heavy fraction
hydr odewaxi ng stage, to produce |ubricant base stocks, including a heavy
| ubri cant base stock, and wherein a hydrodewaxi ng catal yst conprising a

solid acid conmponents, & mgs%ﬁgmgqa)c&mﬁ%%ﬁgﬁls gasRoffsitinga Used in at

| east one of said hég%ewam ng st ages rocessS according to claim 15

wher ei n sai dnixBry of QPHeoms natprs} a@d@)ﬁoq%Mﬁ&dﬁmﬁM%MSsed prior

to being pa f 2004/ 033588
PCTI 02005/ s S Ropbthh st biH AR BBV cadiidd dbtigoll§ % T CPR° 0
dewaxed fueIeffeeﬁvbmasaidhleaudfcmdréanwdfoﬁnlwmghm&rbdmpheluahgh have cl oud
and pour points |ower than that of their respective fractions in said wax.

18. A pr ocestydscarhogs hejlingm:the fusl and lybrieant oil raggasy inghding ahed¥y d heavy

lubricant oil range, (c) passing at least a portion of said waxy hydrocarbons to a
hydrodewaxing upgrading facility in which said waxy hydrocarbons are (i)
hydrodewaxed in the presence of a hydrodewaxing catalyst and hydrogenina
first hydrodewaxing stage to produce 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 hydro-
dewaxing 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 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.



| ubri cant base stock has an initial boiling point of between 850-1, 000F. 19.
A process according to any of clains 15 to 18 wherein said | ower boiling
and heavy | ubricant base stocks each have cloud and pour points |ower than
that of their respective partially dewaxed factions. 20. A process accordi ng
to any of clainms 15 to 19 wherein at |east one of said |ubricant base

st ocks has been h of i ni shed and optionally dehazed. (eSS

accordi ng tdsgﬁvu%g&%lains 15 to 20 wherein said at Iegéﬁn%@%m%ﬁgricant base
stock is conbined with one or nore lubricant additives to forma |ubricant.
22. The process of any of clains 15 to,21 wherein said solid acid conponent
Is selected fromthe group consisting of ZSM 22, ZSM 23, ZSM 35, ZSM 48,
ZSM 57, SSZ-32, si | i7.a-Aprettsd acdviding adlsin 1761016 wierbifisaid dewatkdtutle, rare
earth on ion exchanged fgrrierite, al um na, %nnrphous sjlica,, and m xtures
thereof . 23. anhgaippeavyaad ipwerboiling base-tanks gaphihgve oloygh andpopr paints

hydr ogenat i o%&&mmomegﬁﬁv%&gﬁhﬁ%ﬁ oup VIII netal conponent.
24. The process of any of clainms 15 to 23 erein said binder is selected
fromthe group consisting of zeolites, clays, silica, alum na, netal

oxi des, silica-alumypa,, Sil.Lca- ' i L ' ia. . slldica-1horia,
oilioa WO 20041033508 FAtecSSetIEE i g @éha%‘g?} id g},)‘gisli&fnln(?é{dthl%?‘gjni a,

si | i ca-al um rabridant base sto¢k has an dnitiali boilirglpoint af betwkeerc850-K000AFNa- zi r coni a,
silica-al um na-magnesi a, silica-magnesia-zirconia, and mxtures thereof.

25. The process of any of clains 15 to 24 wherein said solid acid conponent

is ZSM 48 and said h?ﬁr&?ﬁﬁé&sh@ébr&iﬁﬁﬂ?ﬂ@"ﬁicla%n@lﬁ&l@wh’ér&hsﬁﬂtlbﬁer netal . 26.
A process according to claim25 wherein said hydrodewaxi ng catal yst

cofpri si ng s&woiinzand heavydubricant basestopksicaciuhaye staud and pewr neintalowey dr o-
than that of their respective partially dewaxed factions.

20. A process according to any of claims 15 to 19 wherein at least
one of said lubricant base stocks has been hydrofinished and optionally dehazed.

21. A process according to any of claims 15 to 20 wherein said at
least one lubricant base stock is combined with one or more lubricant additives

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 jion 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



genating conmponent is used in at |east one respective hydrodewaxi ng stage
for separately hydrodewaxi ng each of said waxy hydrocarbons, said separated
| ower boiling isonerate lubricant fraction and said separated heavy

i somerate lubricant fraction. 27. A process according to claim?25 or 26
wherein said hydrodewaxi ng catalyst conprising said ZSM 48 zeolite
conponent aRgy sidd/ehasspobl e netal hydrogenati ng conponericrius20dsiegse N at | east
two of said (i) said first hydrodewaxing stage, (ii) at |east one

hydr odewaxi ng stage in which said |lower boiling fraction is further dewaxed
and (iii) at least one hydrodewaxing sisage in which said heavy fraction is
further dewaxed._ 28. A _process corrpr|S| ng (.a) producing synthesis gas

conpri si ng abowyiliz ﬂh@a’ﬁ sitipajaluminarthorias i %%—aﬁmg% thogip,siliednt act i ng sai d

synt hesi s gaﬁluﬁhﬁz{J at -M{xﬁﬁxﬂgmggﬁl%ktsﬂﬁ!a]ﬁ?@emp agxdr ocar bon

synt hesi s cata reactl on trons e Ive sal d H2 and COto
react and fonnxmxﬁlehgndr ocar bons, including hydrocar bons boiling in the
fuel and lubricant oil boiling ranges, including a heavy |ubricant oil,

ranges (c) passing at least a portion of said waxy hydrocarbons to a

Eygr ogewaxi gg ungaBB nghépfdcbéstoYahyloMﬁgnb ISQMMWﬁwmagafggonﬁ gre (i)
ydrodewaxed in the pr rodewaxi ng cata an ydrogen in

a first hydrsa@mﬂs%'gzgf’g%@a%&ﬁ’wﬁwnw RgRtds & GHReble,y oy odewaxed

fuel and a pgfetdtal | y hydrodewaxed |ubricant fraction, (ii) separating these

two fractions, (iii) separating said partially hydrodewaxed |ubricant oil

fraction into a heavy fraction and a |l ower boiling fraction, and (iv)

separatel y further hydideuashadrdis im33!vhekaiiSlia Rl heavy

fractions in at |east e separa respective I ng action

hydr odewaxi ngatalysigemprisitig aaid [ZSM-48 eenlits enmapontsit and spid abble endtal dygirok r act i on

hydr odewaxi ng_st.age, to rod bri cant base,s | u |ng a heavy
| ubri cant baggnaélpggi%m "éf i Lﬁytﬁ9ﬁ¥°5%\ﬁé&p¥é‘°€%%§g BoMprising a
ZSM 48 zeol i sepacaelp hipdrolevaixihg cach opdatd wetyetlydrocdrbops; Raidiseghrted Toweent i s used

in at |east of sa
%o&mg Esomerate Iubricant fraction and said separated heavy isomerate lubricant

fraction.

27. A process according to claim 25 or 26 wherein said
hydrodewaxing catalyst comprising said ZSM-48 zeolite component and said
noble metal hydrogenating component is used in at least two of said (i) said first
hydrodewaxing stage, (ii) at least one hydrodewaxing stage in which said lower
boiling fraction is further dewaxed and (iii) at least one hydrodewaxing stage in
which said heavy fraction is further dewaxed.

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



hydr odewaxi ng stages to hydrodewax at | east one of said waxy hydrocarbons.
29. A process according to claim28 wherein said waxy hydrocarbons forned
in (b) are not hydroprocessed prior to being passed to said hydro- dewaxing
upgrading facility. 30. A process according to claim28 or 29 wherein said
hydr odewaxi ng catal yst conprising a ZSM 48 zeolite conponent and a nobl e
nmet al hydrogenating conponent is used to hydrodewax at |east two of said
waxy hydrocarbons. 31. A process according to claim1l, 15 or 28 wherein in
step (iv) the hydrodewaxing of the separated |lower boiling and heavy
fractions is conducted with the sane catalyst and at different
hydrodemaxinghconditions. . . .

ydrogen in a first hydrodewaxing stage to produce an isomerate comprising

hydrodewaxed fuel and a partially hydrodewaxed lubricant fraction, (ii)
sepgraﬁng 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.

31. A process according to claim 1, 15 or 28 wherein in step (iv) the
hydrodewaxing of the separated lower boiling and heavy fractions is conducted with the

same catalyst and at different hydrodewaxing conditions.





