WD 01/ 17678 PCT/ US00/ 24394 -1 PROCESS FOR THE REACTI VATI ON OF SULFUR
DEACTI VATED COBALT Tl TANI A CATALYST FIELD OF THE | NVENTI ON Thi s invention
relates to a process for the reactivation, or regeneration of cobalt
catal ysts deactivated by sulfur; particularly cobalt catalysts as used in
hydr ogenat i ¥R %176 bon nonoxi de or Fi scher-Tropsch react PERAIS0Y243%4| so
relates to cobalt-titania catalysts, to the process utilizing the catalyst, .
and the products of such process. BACKEROUND Fi scher-Tropsch (F-T)
reactions, i.e., catalytic reactions for the production of C5+ |iquid
hydr ocar bo ' f__hyvdrogen and carbon nonoxi de, are well
known. Ther}éoé Qprpro g]c%%;gxﬁgrs& ECOTe THE RSYBf EYRTRR: COBRAY T RERNIA CHERPYSTor
comerci al devel opnent. The catal ysts used in conducting F -T reactions
are typically constituted of an Iron Goup netal (Periodic Table of. the
‘El enments, Sargent Welch Scientific. Conmpany, Copyright 1979) of Goup VIII,
.e.g., iron, nickel or cobalt, distributed on a particulate refractory - '
i norgani c oxide support, e.g., titania. In formation of the catalyst, the
catal ytic properties of the Iron Goup netal nmay be nodified or pronoted

by an addi t FIEID ORTHNE INVENTRON s, from G oup VIMor VIII, e.g., platinum
or rhenium 1In conducting an F-T synthesis reaction, a synthesis gas

constituting a m xture of hydrogen and carbon nonoxide is reacted over an

[ron G oup netal Caltlwﬁ! . e - Re/ Ti [ e C5+ waxy

. hydrocarbon product |%‘%E?%&/%l%is%fﬁé&lﬁ%ﬁggﬁ%fﬁggm’%E Separated into
various frapigefdratidwof Eobaliatalpstodartvagd by salfhr; apgRailiady cobalf uel s,

distillates, diesel and jet fuels, solvents and lubricating oils. Wile the

waxy produeatalysts apuseckinthyrrogenation oftgasbopmenexify or EisshereBropschas
essenti al | Yrealfdkis. It also relates to cobalt-titania catalysts, to the process utilizing the

catalyst, and the products of such process.
BACKGROUND

Fischer-Tropsch (F-T) reactions, i.e., catalytic reactions for the
production of Cs+ liquid hydrocarbons from mixtures of hydrogen and carbon
monoxide, are well known. The F-T process has become the subject of intense
study for commercial development. The catalysts used in conducting F-T
reactions are typicain constituted of an Iron Group metal (Periodic Table of the
Elements, Sargent-Welch Sciéntiﬁc Company, Copyright 1979) of Group VIII,
e.g., iron, nickel or cobalt, distributed on a particulate refractory inorganic oxide

. support, e.g., titania. In formati_on of the catalyst, the catalytic properties of the .
Tron Group metal may be modified or pfohiotéd by an additional metal, or
metals, from Group VIIB or VIII, e.g., platinum or thenium. |

In conducting an F-T synthesis reaction, a synthesis gas constitating
a mixture of hydrogen and carbon monoxide is reacted over an Iron Group metal

catalyst, e.g., Co-Re/TiO;, to produce a Cs+ waxy hydrocarbon product which is



sul fur" containing compounds, the presence of sulfur in even a few parts,
per mllion parts by weight (wpm of a product, has been found to

currul atively poison a cobalt-containing catalyst and shorten its life. It
t hus beconeswoeaoerssary for the viability of the process tpcpesioasiosal |y
reactivate, or regenerate the sulfur deactivated catal yst. Were the
reaction product mxture in contact with.the catalyst contains even a
smal | amount of sulfur, the catalyst is cumul atively poisoned by the
deposited sulfur. The result: Al too soon the catal yst nust be
‘reactivated : rfS\”ﬂl‘fﬁJ 3 t hods are
known for F%@gétfégl??%ggigﬁ%ta ystg ioﬁgﬁﬁ?gz%hi#éﬂ?%?tsgﬁuﬁsult I n
t he renoval distillacebdiese] ahd g fuéls,solventssand lubricatheg oilss While fid waxpo soon t he

catal yst must be reworked, and repl ace lnp US 3,661,798, which issued
May 9, 1972 presuctsdemithe Frhrragtos a%gerpééhyo‘lege,m'él. fg.as %WQP@?}' s"¥Escri bed a

nmet hod wher %l@ma'c%ﬂ{afir Eggﬁﬁlﬁ%lﬁ%t 10 Iﬁ_g%ggbfgmg%}; gkﬁ?ﬁ%q’eﬁgener at ed

by the succ@Ssive steps eat1hg t eactivated cat al yst a gas

cont ai ni ng paillReLpaRts bxweight Gippat)oft Dprodiét, hachsehdotmdity dummlativdled cat al yst
with water at about O to 250C, and then with_ hydr gﬁn at about 200 to
500C. The r PgisaBamobal-cpataining cafalystand shoyten its dife. [APUSPELRBEIRSt he carri er

conmponent of s 4l f‘fﬂé s o eﬁr}e t hat
cobalt is e?#%gﬁgaﬁr%i’}%ﬂéﬁﬂ om Pﬁcec_e%}lg) yg){h cgi\} ﬁed\%/ﬁg%tgi e E@%?%Fer
conponent f gie sulfur dehalviatddscatilystca. Accordingly, there remains a need for

better nethods, or processes for reactivating, or regenerating
cobalt-containing catalysts. WD 01/17678 PCT/ USOCOR4394 -3- THE | NVENTI ON
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contains even a small amount of sulfur, the catalyst is cumulatively poisoned by

the deposited sulfur. The result: All too soon the catalyst must be reactivated,
or regenerated, by removal of the sulfur, Whereas methods are known for
redctivating cobalt catalysts, such techniques often result in the removal of
cobalt along with the sulfur. The result: All too soon the catalyst must be
reworked, and replaced.

In U.S. 3,661,798, which issued May 9, 1972 to Institut Francais du
Petrole, e.g., there is described a method wherein a sulfur-deactivated
cobalt/silica catalyst is regenerated by the successive steps of heating the
deactivated catalyst with a gas containing molecular oxygen at 300 to 600°C,
contacting the cooled catalyst with water at about 0 to 250°C, and then with
hydrogen at about 200 to 500°C. The regeneration is not successfully
reactivated when the carrier component of the catalyst is alumina. Moreover, it
has been found that cobalt is extracted and lost from the catalyst even when the
carrier component for the cobalt is silica. Accordingly, there remains a need for
better methods, or processes for reactivating, or regenerating cobalt-containing

catalysts.



i nvention which enbodies, in the preparation of a cobalt catalyst,
conpositing cobalt with titania sufficient that when the catalyst is )
sul fided and deactivated by sulfur, or sulfur-bearing conpounds, it can be
reacti vat eWO 07618 gener at ed, without significant |oss oFCHKEWRBNM if any,
fromthe catal yst. The reactivation, or regeneration is acconplished by
treating the sulfided cobalt titani a -Cat al yst in a series of steps
requiring (1) contact, and treatnment, with a gaseous stream of nol ecul ar
oxygen, preferably air, or oxygen-enriched air or nitrogen, at tenpera-
ture rangimﬂm 150C to about 600C, preferably from about 300C to
about 500C, sufficient to oxidize the sulfur conponent (and netal
conponent) of the catalyst, and then (2) contacting, treating or washing
the sul fur oxidi ZzeghjsGled i bthekdlis achieved inGaccerdabicedivith e preseniti on zone in
which Step (1) was conducted, wth a |liquid, preferably water, at

t enper at uriaventingi which emrbodies,in thepreparation of 31398@(, caialysteeRIBPYSIERS M about 20C

to about 80C . sufficient .to r Ve { i de., [ Sof. sulfiur. The
catal'yst i @oe S RpERbE e TR B slilybs SRl s elinyitball - [0
reduce t hegyift ar sulfir-B@driigSoontioufids, #ecanibelrBsctivated,| orré%elmﬁtaﬂ,& conponent
to restore the activity of the catal yst, as neasured by CO hydrogena- tion

after reduwitheon sighificast loss of gehalt, iftanafromdhe catalyst Thedleagtinatignoni ty, and

selectivity of a.cabalt-titani atal yst q, t- Is itani a
catal yst, ’%gfﬂq%'}ondégﬁqws@ﬁa §X§e%§%%ﬁ‘|er§u§in&g o $alg§n ae%aﬁgg?r égg: i on, on
reactivatiQfies 6f stepsy@quiRIR (1 Péoritdtt! dhidIrevbnean] witha dagedusstreamndft o t hat of
the fresh catalyst originally wused for conducting the sim/lar operation.

The cat al ymolecular oxygen; prefsaebly gire onoxygepreapshedalp Or RIEOESH, @ EEIREEWN i n t he
t for th t] f b t hesi F ts. Th

ot al yor - e TaRige Hasd Andte 00 05 B5chE BOPS préiBiabry ol mbuf 8O/ - e

Pr ef er abl : : ' ' tal,
L oS IR IPE B s dombotla Gnaarttpganye ol o

nmetal s, can o
of the catalyst, and then (2) contacting, treating or washing the sulfur oxidized

catalyst, in situ or ex situ of the reaction zone in which Step (1) was conducted,
with a liquid, preferably water, at temperature ranging from about 0°C to about
100°C, preferably from about 20°C to about 80°C, sufficient to remove the
oxide, or oxides of sulfur. The catalyst is then contacted with hydrogen, or other
reducing agent, to reduce the metal, or metals, or oxide of the metal, or metals,
component to restore the activity of the catalyst, as measured by CO hydrogena-
tion after reduction of the catalyst. It has been found that the activity, and
selectivity of a cobalt-titania catalyst, e.g., a cobalt-rhenium-titania catalyst,
sulfur deactivated and used in an F-T synthesis reaction, on reactivation, or
regeneration in this manner can be restored to that of the fresh catalyst originally

used for conducting the similar operation.

The catalysts of this invention can be prepared by techniques known
in the art for the preparation of hydrocarbon synthesis, or F-T catalysts. The
catalyst can, e.g., be prepared by gelation, or cogelation techniques. Preferably

however the cobalt metal, and if desired a promoter metal, or metals, can be



deposited on a previously pilled, pelleted, beaded, extruded, or sieved
titania support material by the inpregnation nethod. In preparing

catal ysts, The netals are deposited from solution on the support in
presel ect ed WOOUMI6Z8 t 0 provi.de the desired absol ute anpunPET/USHMRIMI ght
ratio of the netal or netals being deposited. Suitably, the cobalt by
itself, or pronoter, if a pronmoter is debired, are conposited with the
support by serially contacting the support with a solu- tion of a
cobal t - cont ai ni ng conmpound, or salt, and a solution containing the

pr grmt er- Conﬂé}io@itétgoﬁ@rpﬁgdmlsly pﬂleﬂgj:élletedebpmieﬂi mﬂ:l‘t;dedq_ﬁ:’;iwmll tly.niat hg cobal t
an pronot er can be co-i npregnat ed_upon the _suppor.t. ohal t

pronoter cosiPPOFHdBatgEalby et@é’@&?ﬂ?‘é‘bﬁ‘&fhogn IE&’E‘%?E‘“&I‘??%%@F%% ic or
inorganic cQ ' | ?\qgsr BVidethavhi ch
can be conv "?‘%ﬁggﬁe%‘ge’ﬁ%%@ﬁ%ﬁgﬁ@%wa , ﬁ}ﬁ&ﬁég elﬁﬁ?e uceld I n

hydr ogen f or gasired@bsdlutesantdunts; and @it ratio of the enetalartmetals being y| acet onat e,

napht henate, or the |like. The nitrate is preferred for cohalt.. The anmount
of i npr egnat deposited. uSnigably,dbejcobaliy itselfe OF PromQtsrs aP‘i?“l‘E?Fp‘Fé‘F%‘F#i ner se

the carrier, _usuallv. w Ly . . g%%(g.( 2 _the
carrier by v%rffﬁgfpoélégpﬂeﬁg*n%gé %ﬁ%@é{lﬁ)%’?‘g%ﬁé%ﬁe% ncgvlrl]"!tﬁfa;st%n in the
| npr egnat i onieWbih cobalt-ddiraining! copiptund)ort satipandea solutiom coxetaining thed out under

a wi de range of conditions including apbi ent or %’eyat d ti‘emggr atures.
Rheni um  cer promotersgqniaipingaompouad, orsally wsprctivelyy 1ecobaliand can pe

included with i o rt%] t m{l)sngé‘ d th8SEoBierials are
present in apwé?oggx{éapg{}‘l% @Eﬂr@%baa Ig@%%)éﬁé}pas' a ouc%ba(l)t. 053?? preferably at
| east  about céingoubds asel inbdie irapegnitmnealise dnylorgadormetallicaxtindrganicbut t he

pronoter is wusually present in an_anount |ess than the cqgbalt, Rheniumis

a particul ar¢gmp SytHehiwhen rreluged iy s WAL WRIGR 621 B support as
perrheni c acj dﬁ-%b@:{j ' &t ichis
catal yti cal Ié/&lglppge_&clﬁ @‘g%uﬂfg?@“, g%??ﬁglggﬁl?ngé%%%?gﬁ%?gloomﬁgrts by
wei ght of caivatey,suck ds ¥ cobalt silrate, aeetate, acetylacetonate, naphthenate, or the like.

The nitrate is preferred for cobalt. The amount of impregnation solution used

should be sufficient to completely immerse the carrier, usually within the range
from about 1 to 20 times of the carrier by volume, depending on the metal, or
metals concentration in the impregnation solution. The impregnation treatment
can be carried out under a wide range of conditions including ambient or

elevated temperatures.

Rhenium, cerium, hafnium, and uranium are preferred promoters,
and can be included with cobalt in forming the catalyst. Usually, these materials
are present in a weight ratio to cobalt of at least about 0.05:1, preferably at least
about 0.1:1, and may range from about 0.1:1 to about 1:1, but the promoter is
usually present in-an amount less than the cobalt. Rhenium is a particularly
preferred promoter and may be deposited onto the support as perrhenic acid.
The amount of cobalt employed is at least that which is catalytically effective,
e.g., at least about 2 parts, per 100 parts by weight of catalyst (dry basis), i.e.,

2 wt%. However, cobalt concentrations may range from about 2 wt% to about



2 Wt % However, cobalt concentrations may range from about 2 w % to about
WO 01/17678 PGI/ US00/ 24394 -5 70 wt% preferably fromabout 10 wt%to
about 30 wt% The carrier, or support conponent of the catalyst is
constitut ceWOBI8T8 | east 30 wt% titania, and preferably BETVHEBL9bout 70
w%titania. When the catal yst cones in contact with sulfur, the activity
of the catalyst gradually declines; eventually to such point that it is
not economcally sound to continue the operation w thout a new, or
reactivated catalyst. The catalyst, at this point, is discharged fromthe
FT react i of0 mafte prefierablydaomabouf) 10 wt% ¢ox pbiut 30twide.s The qarrien s swepart of t he

catal yst. Then the I di zed sul fur. { t i ted b hing with
water to r E‘P?BB%“@F@P ica}*’i)és& lss‘fﬂnﬂﬂﬁngw ?F@ﬁttfq W&%ﬁ&?ﬂa’ @?’(P&W The
cat al yst i%tlEgk?gb&ﬂ titfaga t he catal yst thereby activated. Step (1), is
conducted by contact of the sulfided catalyst with a gaseous stream at

hi gh tenperature, ranging from about 150C to about 600C, preferably about
300C to about 500C__for.a period of tine eneraldy fro (0] 1 hour to
about 5 hours, suffRed @ﬁtcgiab’séﬁ‘%‘@ﬁ’i“eﬁppff"g\?ﬂﬁISM&%%%%%’?%% sul fur.
The oxi des ihdie evERKRNE b sudh Poird ehat Gi is ot ¥conditficiBl ecti vity,
oyl S BIF sgol ut "

of the cat y contact’, and washing with water of tenperature
rangi ng f r soundiio contixetthe opération Wixh®at aomesy,cor aeAcivatedreatalystt ThOC t o about

Sbove  abouataH, atshimoti, i HRed o e AT Thaeeh 1S end teled (IS 1 ©
nitrogen, gQxWGRkhe Qﬂfﬂ(’rﬁgﬁ%g?%{t ofithie cdtdlyst. Then Hid Gadized sulfkesatalyt iy m

Subsequent to drylng , or nmetals, or_oxide of the netal, or

metals, coegiedby(2)vashing wish water taremenst the gxisizes sulfus comperge OB hydr ogen

contal i | B9 QRS AR S TRRhSH XA @Ryl ExdY k¥aal o ©f f oct o0
Step (1), is conducted by contact of the sulfided catalyst with a gaseous stream at

high temperature, ranging from about 150°C to about 600°C, preferably about
300°C to about 500°C, for a period of time, generally from about 1 hour to about -
5 hours, sufficient to essentially completely oxidize the sulfur. The oxides of
sulfur are then removed, and the activity, and selectivity, of the catalyst restored
by contact, and washing with water of temperature ranging from about 0°C to
about 100°C, preferably from about 20°C to about 80°C.

The catalyst, after washing, may be dried by heating at temperature
above about 30°C, preferably between 30°C and 125°C, in the presence of
nitrogen, oxygen, hydrogen, or air, in a gas stream or under vacuum.
Subsequent to drying the metal, or metals, or oxide of the metal, or metals,
component may be reduced and activated with a hydrogen or hydrogen contain-

ing gas stream.

Reduction/activation of the catalyst is effected in hydrogen or a

hydrogen containing gas stream at temperatures above about 250°C, preferably



hydr ogen contai ning gas stream at tenperatures above about 250C, preferably
WD 01117678 PCT/ USO0t 24394 -6 from about 250C to about 550C, and nore
preferably from about 275C to about 425C, generally for periods ranging
from about Owdof/mémbout 24 hours and at pressurés rangi ngp&roRaoRiasie

anbi ent to about 40 atnospheres, supra. Regeneration and reactivation of
the catalyst in this manner produces ae¢catal yst of increased activity, and
selectivity in the production of high nelting wax via F-T synthesis.

Hydr ocarbon Synthesis In conducting the preferred Fischer-Tropsch, or F-T

synthesis s ahok 25%)°C‘f} tEStaBB@tl 53’0°@Y%{d$&6fbaﬁr@?eg§ﬁ Ry BBERO78eCs ' eact ed

over an Ilron Goup netal catalyst, e.g., cobal t or ruthenium catalyst,

to produce aboaxs25°0, genetallyfirgericdsirangimefpamaibedt 0.5 ty abowt st Hovecandns,
suitably a heavy or high boiling fraction and a lighter or |ow boiling
fraction, nd&PrRsPWSs rangiug-from sbpyecambiant tq about4R asnaspherssOsupra372C- )
fraction. The latter, or 700F (372C-) fraction, can be separated into (1)
a F-T Cold separator liquid, or liquid nomnally boiling within a range of

about CS- 500F (260CRegéeeationand rEactiviién ob 8i2atilgst if ii!idrmer | i qui d
nomnally boiling within a range of about 500F- 700 F (260C-372C). (3) The

700F+ ( 272Ceroduces aeptalyst pf inereapedractivilydanthselensivitydp theaproduction efdugh
constitute ra%/y.materi al g..fsef | .for further processing. The F-T synthesis
process is &3 PPedag e 8t et ures of about 160C to about 325C,
preferably from about 190C to about 260C, pressures of about 5 atmto

about 100 atm preferabl é about 10-40 atm and gas hourly space velocities
of from abo 13 bout 20,000 V/H'N, preferably from about 500
V/H'N to about 15,000 V/H'N. The stoichionmetric ratio of
In conducting the preferred Fischer-Tropsch, or F-T synthesis
reaction, a mixture of hydrogen and carbon monoxide is reacted over an Iron
Group metal catalyst, e.g., a cobalt or ruthenium catalyst, to produce a waxy
product which can be separated in various fractions, suitably a heavy or high
boiling fraction and a lighter or low boiling fraction, nominally a 700°F+
| (372°C+) reactor wax and a 700°F- (372°C-) fraction. The latter, or 700°F-
(372°C-) fraction, can be separated into (1) a F-T Cold separator liquid, or liquid
nominally boiling within a range of about Cs- S00°F (260°C), and (2) a F-T hot
separator liquid, or liquid nominally boiling within a range of about
500°F700 °F (260°C-372°C). (3) The 700°F+ (272°C+) stream, with the F-T
cold and hot separator liquids, constitute raw materials useful for further

processing.

The F-T synthesis process is carried out at temperatures of about
160°C to about 325°C, preferably from about 190°C to about 260°C, pressures
of about 5 atm to about 100 atm, preferably about 10-40 atm and gas hourly
space velocities of from about 300 V/H1/V to about 20,000 V/Hr/V, preferably
from about 500 V/Hr/V to about 15,000 V/Hr/V. The stoichiometric ratio of



WO 01/17678 PCT/ USO0/ 24394 -7 hydrogen to carbon nonoxide in the synthesis
gas is about 2.1:1 for the produc- tion of higher hydrocarbons. However,
the HCCa ratios of 1:1 to about 4:1, preferably about 1.5:1 to about
2.5:1, nongopiresmrably about 1.8:1 to about 2.2:1 can beroigsbesss§l. These
reaction conditions are well known and a particular set of reaction
conditions can be readily determ ned-fpy those skilled in the art. The
reaction may be carried out in virtually any type reactor, e.g., fixed bed,
noving bed, fluidized bed, slurry, bubbling bed, etc. The waxy or

paraf fi ni qyifdpeH e earbbh ABriokRlefin the SAMERTs gk s AvRER!1: Pfdnthe prodael fur,

non-nitrogén, non-aromatics containing hydrocarbons. This is a liquid
product whionlof highepbydrocatbonsi HoweverhthedHCQxratiosof bido abeutdilt o a refinery

o oduct s, PRI 2ahta Agibd i oth roetPRahy S 152 T A 3210 %1 ot ey
site. For B@Bh@gfigas& Theke RERFIEERIditRiE af@Well XAEWhana'a pakficiilirhet

respectively, C4 hydrocar bons, constitute hi ghkigual.l ty paraffin
sol vent s ofireaction tortitonschndwreadilyhdeterminediby those skilled i thel ast.i The npuriti es,

or enployed . w thout hydrotreatin o0 produce a w de.varJe £ wax

b oduct s. Fepion Ay e RAyed onGh visniply o 7Ee e S B bt inbind ¢
reactor, @gdiM8dRkdsEd, shﬁﬂﬁ, bubBlingdBed! Rt ALIRIWERYy Mrydraffnidbdasenver si on
reactions, e.g., hydrocrac I ng, hydr oi soneri zati'on, catalytic dewaxing,

i sodewaxi fipm thefB>Treanior are essentially ponrsulien homsitragensedn-atomasicdduce (i)

fuels, i.e., such as stable, wenvironmentall beni nomp- L gxi
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hi gh cet aggiph&d frolfa renfite arealth hrefint?9 site €or futthérd chefiliGallyeredoting afide Oi |

bl endi ng components and | ube oil baSe stocks suitable for transportation

vehi cl es, upgiading tolvariety of praductp o produgedand ppgrded © ayvarietpaf ¢ oxi ¢
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solvents which, if desired can be hydrotreated to remove olefin impurities, or

employed without hydrotreating to produce a wide variety of wax products. The
reactor wax, or C;¢+ liquid hydrocarbons from the F-T reactor, on the other
hand, can be upgraded by various hydroconversion reactions, e.g., hydrocrack-
ing, hydroisomerization, catalytic dewaxing, isodewaxing, reforming, etc., or
combinations thereof, to produce (i) fuels, i.e., such as stable, environmentally
benign, non-toxic mid-distillates, diesel and jet fuels, e.g., low freeze point jet
fuel, high cetane jet fuel, etc., (ii) lubes, or lubricants, e.g., lube oil blending
components and lube oil base stocks suitable for transportaﬁon vehicles, (iii)
chemicals and specialty materials, e.g., non-toxic drilling oils suitable for use in
drilling muds, technical and medicinal grade white oils, chemical raw materials,
monomers, polymers, emulsions, isoparaffinic solvents, and various specialty

products.

(I) Maximum Distillate



products. (1) Maximum D stillate WO 01/17678 PGI/US00124394 -8 tion A: The
reactor wax, or 700F+ (372C+) boiling fraction fromthe F-T reactor, with
hydrogen, is passed directly to a hydroisonerization reactor, H , operated
at the foll M&?Wéﬂﬁ'&?pi cal and preferred H reaction: conditPEHYS0RE3%, t . Hi
React or Conditions Typical Range Preferred Range Tenperature, OF (O

300- 800 (148-427) 550-750 (286-398) Todal Pressure, psig 0-2500 300-1200
Hydrogen Treat Rate, SCFB 500- 5000 2000-4000 While virtually any catal yst
useful in hydroisonerization or selective hydrocracking may be
satisfactory for thi©ptipedat Tha reastorevaxon708+ (3F27G+hboiling fractieman
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ni ckel , . coba unts o % which may or may not al so
I ncl ude a Geodgitidhs,totwit:, e.g., nolybdenum in anpbunts of about 1-20 w %

The support for_the netal s.can be an ef.r ory oxide or_zeql.ite or
rrixturgg t her edil Reactentonditions)nor t s Y Reneb, , alﬁ&fﬁﬁéﬂ&_
silica-al um si |.1 cagaldpd na phosph tl [ zir j a ia and
ot her Goup ﬁ%ﬁpeWreVAﬁsttﬁy\/l oxi des, %Qg’?,&)/gl(;‘&%s%@ si ev%gw% 2}18%23‘59%(i

ul trastabl e \f‘o&'ll@f@siuréa?ﬁ erred supports igagdgede al um na aggh-3260 ca- al um na
where the silica concentr&tion of the bulk support is |ess than about 50
Wt %  pref er abjdrogensFreatRate SSORMB 35 Wt % S8050800er red cat al2p00-4080 a surface
area in the range of about 180-400 nR2/gm preferably 230-350 n2/gm and a

pore volune of 0.3 to 1.0 rﬂllgm . ) L. )
: ‘While virtually any catalyst useful in hydroisomerization or selective

‘hydrocracking may be satisfactory for this operation, some catalysts perform
better than others. For example, catalysts containing a supported Group VIII
noble metal, e.g., platinum or palladium, are particularly useful as are catalysts
containing one or more Group VIII base metals, e.g., nickel, cobalt, in amounts
of about 0.5-20 wt%, which may or may not also include a Group VI metal, e.g.,
molybdenum, in amounts of about 1-20 wt%. The support for the metals can be
any refractory oxide or zeolite or mixtures thereof. Preferred supports include
silica, alumina, silica-alumina, silica-alumina phosphates, titania, zirconia,
vanadia and other Group III, IV, VA or VI oxides, as well as Y sieves, such as
ultrastable Y sieves. Preferred supports include alumiz_la and silica-alumina
where the silica concentration of the bulk support is less than about 50 wt%,
preferably less than about 35 wt%.

A preferred catalyst has a surface area in the range of about 180-400
m*/gm, preferably 230-350 mzlgm, and a pore volume of 0.3 to 1.0 mi/gm,
preferably 0.35 to 0.75 ml/gm, a bulk density of about 0.5-1.0 g/ml, and a side
crushing strength of about 0.8 to 3.5 kg/mm.



preferably 0.35 to 0.75 m/gm a bulk density of about 0.5-1.0 g/m, and a
side crushing strength of about 0.8 to 3.5 kg/mm WO 01/17678 PC

r/ USCORA394 -9 The preferred catal ysts conprise a non-noble Goup VIII
metal , e. gWOOIATFHh, nickel, in conjunction with a G oup PEHM0ZBM c g.
copper, supported on an acidic support. The support is preferably an ,
anor phous silica-alum na where the aPumina is present in amounts of |ess °
t han about 30 wt% preferably 5-30 w.t% nore preferably 10-20 wt % Al so,
the support may contain snall anmounts, e.g., 20-30 W% of a_binder, e.g.,
alumna, silica, Grbeprefetedreatalystszxpaprise anqwable&r@upﬁ&mﬁl,&ays,

ia, . . f bl y. al ] Th | i
Cormor e qndrem iRl Sn EbaPactich With Atarete TR SR Y B solpre RiHpRHES ok
100- 150C, Quidic Sapport) THE duppdithis prefet@bly2h @morpitsusRilifadlaininwhéreal®r phous

silica-alum na ni‘crospherés for” supports is described in | and, Ll oyd B.,
Tanel e, M AMmingeris prisestdn ampunts of lgyszban ahput30 il preferablud-pRive%, ol une Vi I,

Ed. Paul H. Enmeft .. Rejnhold,  Publ i.shi L k, ,1960, pp.
50, The GPOEPREreTIbIATRaD yer, KNG, e YoRPort Bt oRtai Bmall BhiolRE o ) oo
pr ef er abl yool3d ¢tk &F a Bitidef el ) Calianinit) siliBa, Gioap IVA metidbkidegraagent in | esser

anmounts, e.g., 1.2 to about 120 ratio respecting the Goup VIII netal. A
typi cal cwrimby sypes of claysumagnesia; etpi, prefgrgbly alumging. Thg catelyy &8 25- 0. 35

A203- 5102 G 1oy ALZ0% LOLRISE) 28 RoRHEhRRRs Shne Wontie g Pour

100-150°C, and calcining in air at 200-550°C.

The preparation of amorphous silica-alumina microspheres for
supports is described in Ryland, Lloyd B., Tamele, M.W., and Wilson, J.N.,
Cracking Catalysts, Catalysis: Volume VII, Ed. Paul H. Emmett, Reinhold
Publishing Corporation, New York, 1960, pp. 5-9.

The Group VIII metal is present in amounts of about 15 wt% or less,
preferably 1-12 wt%, while the Group IB metal is usuaily present in lesser
amounts, e.g., 1:2 to about 1:20 ratio respecting the Group VIII metal. A typical

catalyst is shown below:
Ni, wt% 2.5-3.5
Cu, wt% 0.25-0.35
ALO;-SiO; 65-75
AL O; (binder) 25-30
Surface Area 290-355 m*/gm
Pour Volume (Hg) 0.35-0.45 ml/gm
Bulk Density 0.58-0.68 g/ml

The 700°F+ (372°C+) conversion to 700°F- (372°C-) in the
hydroisomerization unit ranges from about 20-80%, preferably 20-50%, more



Bul k Density 0.58-0.68 g/m The 700F+ (372C+) conversion to 700F (372C)

i n the hydroisonerization unit ranges from about 20-80% preferably
20-50% nore WO 01/17678 PGI/ USOOR4394 -10 preferably about 30-50% During
hydr oi somer i W20Ubi#7®&ssentially all olefins and oxygen con®&IASHE434t erial s
are hydrogenated. In a preferred option, both the cold separator Iiquid,

I~ e., the C5- 500F (260C) boiling fracr|19 , and the hot separator |iquid,
i.e., the 500F700 OF (260C-372C) boiling fraction, are hydrotreated in a
hydrotreated reactor, H T, at hydrotreating condltlons the H T product is
conbi ned wi tjxefeh'eblyrdbopt 3N60%, E\mmwomaaﬁmemmb@ﬂ olgfins 41l | owi ng
describes the typical and referr H T regction conditions, to wit: H
React or CondP¥YESRSOR{AYH I“"qggl‘?d flé‘? D3hange Tenperature, F (O

200- 750 (94-398) 350- 600 (175- 315) Total Pressure, psig 100-1500 300- 750
Hydrogen Treat Rate, SCFB 100- 5000 500- 1500 Suitable hydrotreating

catal ysts incl ude thdsa prtfierrad aption; dhoth theedld sepacator liguid, icm,ethGC@up VI
netal, preferab Co.and _Ni, nor preferably Co . .and/ and nost

ly F
preferably I\#OO"Eyr{aGﬁ C)I boiling faetion, and the hatseparatop figrid, Ley I\/b and W nore

aluni na. 0 0 BI0BEESRT 517 E PR AR, be BBl BbRPR A o 1

as well as padbf HAT at hfcﬁrbﬁrké/cﬁigscdﬂﬂﬂﬁﬁs,tthém &ﬂ&i@éoﬂﬁné@bﬁ&ttﬁd from Pd
and Pt. One, or nore than one type of hydrotreati |5,3 catal yst may be used

in the sane prmdmm@nd;pwpdwaframmtor sTheyiellewing descebes-theitypiea] andount
ranging from a eH/2‘.to 2094 efer fromabout 4 to 12% based on the
total wei ghtpr8 clﬁ‘“é I@W basi s). The Goup VI netal wll

typically be present in an

HI Reactor Conditions Typical Range Preferred Range
Temperature, °F (°C) 200-750 (94-398) 350-600 (175-315)
Total Pressure, psig 100-1500 300-750
Hydrogen Treat Rate, SCF/B . 100-5000 500-1500

Suitable hydrotreating catalysts include those which are comprised
of at least one Group VIII metal, preferably Fe, Co and Ni, more preferably Co
and/or Ni, and most preferably Ni; and at least one Group VI metal, preferably
Mo and W, more preferably Mo, on a high surface area support material, prefer-
ably alumina. Other suitable hydrotreating catalysts include zeolitic catalysts, as
well as noble metal catalysts where the noble metal is selected from Pd and Pt.
One, or more than one type of hydrotreating catalyst may be used in the same
bed. The Group VIII metal is typically present in an amount ranging from about
2 to 20%, preferably from about 4 to 12%, based on the total weight of the
catalyst (wt%, dry basis). The Group VI metal will typically be present in an
amount ranging from about 5 to 50 wt%, preferably from about 10 to 40 wt%,
and more preferably from about 20 to 30 wt%.



anount ranging fromabout 5 to 50 w% preferably fromabout 10 to 40 Wt %
and nore preferably fromabout 20 to 30 wt% WO 01/17678 PCT/ US00/ 24394
-11 Gas and C5-250F (121C) condensate streans are recovered from the
fracti onatWPOVKIST®&r separation and renpval of the C5- 250RCYYSE3%mteri al ,
a 250F 700F- (121G 372C) diesel fuel gr di esel fuel blending conmponent is
recovered fromthe fractionator. A 700Ef (372C+) product conponent that is’
recovered is suitable as a |lube or | obe oil blending conponent. The diesel
material recovered fromthe fractionator has the properties shown bel ow

paraffins at |east GB and%s-208F£1215C) candensateistrogns ars repeyegedsframer - abl y at
| t 97 wt%_stjll f bl t | 98 %e t . bl
nt Teast SUCArRoRIST AT ELIPRAIS B SRR i G450 R IR L eatERL %0, Y

| 50 o fo o el ent B . cably 20
opm rror o 2BPUCTOBTE; RIACLSIL Ydterel Pody < AcRet e PYIEANE bompbfcatic! ) ¥

oxygenat es 2boted fonYtht frdtiofster.t AO0OFB (3P CeX pdactésmponentthabiasi s. The
iso paraffins which are present are Iarlgeel E{ nono net hyl  branched, and the

product corecavered is $uitable|as@ Ipbe af fuba ol eqmpgnenbhexane. The 700F
(372C-) fraction is rich in oxygenates, and e.g., 95% of the oxygenates,
are contained in this lighter fraction. Further, the olefin concen- tration

of the lighter fraefyeQesePmatétial fec6vired frogthe fraclon@behaslthéi n recovery
unnecessary; and further treatnent of the fraction for olefins is avoi ded.

These di esptoperties shoembelow:y have the properties of high cetane nunber,
usual ly 50 or higher, preferably at |east about 60, nore preferably at

o TS S i S R O M i 1
ably at least 97 wt%, still more preferably at least 98 wt%, and most preferably
at least 99 wt%; iso/normal ratio about 0.3 to 3.0, preferably 0.7-2.0; sulfur
50 ppm (wt), preferably nil; nitrogen 50 ppm (wt), preferably 20 ppm, more
preferably nil; unsaturates 2 wt%; (olefins and aromatics) oxygenates abont

0.001 to less than 0.3 wt% oxygen water-free basis.

The iso paraffins which are present are largely mono methyl
branched, and the product contains nil cyclic paraffins, e.g., no cyclohexane.

The 700°F- (372°C-) fraction is rich in oxygenates, and e.g., 95% of
the oxygenates, are contained in this lighter fraction. Further, the olefin concen-
tration of the lighter fraction is sufficiently low as to make olefin recovery

unnecessary; and further treatment of the fraction for olefins is avoided.

These diesel fuels generally have the properties of high cetane
number, usually 50 or higher, preferably at least about 60, more preferably at
Jeast about 65, lubricity, oxidative stability, and physical properties compatible
with diesel pipeline specifications.



WO 01/17678 PCT/ 1JS00/ 74394 -12 The product can be used as a diesel fuel
per se or blended with other |ess desirable petroleum or hydrocarbon

cont ai ni ng feeds of about the sane boiling range. Wien used as a bl end,
the product WOM/EE}sed in relatively mnor anounts, e.g. PCTHS003%More for
significantly inproving the final blended diesel product. Although, this
material wll inprove al nost any di esel'lﬁr‘oduct, it is especially useful
in blending with refinery diesel streams of |low quality. Typical streans
are raw or hydrogenated catalytic or thermally cracked distillates and gas
oils. lion B: Opti onaThe;pmdm canbd us@bwadmsellfudmmbhodeéwphmdmr

liquid is no any eatln t

hydr ot r eat i ngesaae“!’ﬁ?? WP‘é‘g'{"F anf’ﬂ f‘?eg§ﬂﬁg‘i?uqﬁe%egenat es,
primarily i g %&@ (Wﬁen ubdd ds'd Biehd, ahé pRIdueAEnR g 2 belRevely RENGD
oxygenates in thg heavi er reactor wax fraction are elimnated during the
hydr oi sonmer i ambimts, &g 0% -gimorefonsignificanty improvingsthe dinahbleadeddiesad anount
of isoparaffns jn the distillate fuel and hel ps the fuel to neet pour

poi nt and cl BX¥bi nt specifications, although additives may be enpl oyed
for these purposes. The oxygen corrpounds that are believed to pronote
lubricity may be described as having a hydrogen bondi ng energy greater
than the bonding eneklthough, thisimsteriabwilbingpriove almosy pnyrdiesel podmttsit fsor

ario conmpounds,.are il ahl e anda ef erenc eater the
\dll f:‘elrJcherrp : C’Q}l&h“’eﬁ“? en H%l”‘lflﬁ\?;“ﬁ‘m‘éaei 9@5&% ‘E’H’r%gt | so
have a | i pop§idants zﬁr@%@%@h?dro@é!ﬁt&@@dtbl‘yﬁc%?ﬁa&ﬁaﬁ& LRUE istiGe9 bnd Ne fuel .

Pr eferred oxygen conpounds] piimari | | cohol's, have a relatively |ong
chain, i.e.,g®8lds, nore pr ef erably 012 024 primary |inear al cohols.

Option B: Optionally, the cold separator liquid and hot separator
liquid is not subjected to any hydrotreating. In the absence of hydrotreating of
the lighter fractions, the small amount of oxygenates, primarily linear alcohols,
in this fraction can be preserved, though oxygenates in the heavier reactor wax
fraction are eliminated during the hydroisomerization step. Hydroisomerization
serves to increase the amount of isoparaffins in the distillate fuel and helps the
fuel to meet pour point and cloud point specifications, although additives may be

employed for these purposes.

The oxygen compounds that are believed to promote lubricity may
be described as having a hydrogen bonding energy greater than the bonding
energy of hydrocarbons (the energy measurements for various compounds are
available in standard references); the greater the difference, the greater the
lubricity effect. The oxygen compounds also have a lipophilic end and a
hydrophilic end to allow wetting of the fuel.

Preferred oxygen compounds, primarily alcohols, have a relatively

long chain, i.e., Cyo+, more preferably C,,-C,, primary linear alcohols.



WO 01/17678 PCT/ USO0/ 24394 -13 The anount of oxygenates present is rather
smal |, but only a small anpbunt of oxygenates as oxygen on a water free
basis is needed to achieve the desired lubricity, i.e., at |east about
0.001 wt % SQY&ABwat er free basis), prefer- ably 0.001- BCTUSHORAPy gen
(water free basis), nore preferably 0.0025-0.3 w% oxygen (water free
basis). lion C. As a further option,'éﬁr or preferably a portion of the
cold separator liquid can be subjected to hydrotreating while the hot
separator liquid and the reactor is hydroisonerized; the w der cut

hydr oi sonmeri zation elimnat- ing the fractionator vessel. However, the

Proferaply, the Co DUl ofSxaRliples plespiTRAREY S5, 1L SOV BET | | o
hydr ot r eat eghouittof dxygbRatebalioxyger dofrt)wdter foéd Bdsis is nebdedidedhigvé thet he hot

separator liquid and the reactor wax and hydroi sonerized. The product of

the H readewred;lubricity i), ehleast ahput 0.0 wrpayeer fwatar free bards), prefers C)

Dehene. i o APRTFANED SRRl ith (Rater s babiRY ihte gty G008 0w e
A-i freezeoppicni(watirdfdefbagid).i on. In this option, the hot separator liquid

and the reactor wax i s hydroi sonerized and the product recovered. The cold
separator liquid, and optionally any residual 500F- (260C-) conponents

o x Tract onator ORRC: KPERREE optiolk ol F MereABY Lheptfipirihe il ™ 11
hydr ot r eat §ep@ratdrt lequidt dar0be aﬂijeaed)foqsy@d»tréaﬁng SRS thé 86t sephitct Hauld C5- 350F

(175C) product which is recovered, and a 350F+ (175C) product” which is
hydr oi somefhd g reactpnip bydspisomesizad, theswidey g dydroisomeerization climinater ed. These

products Ciiy e eBLENARH JeSUR" Poveb, b ic2e pbint ot e jef ol bidfudt 01 A1

freeze poi specl
compromised to some extent. Preferably, the Cs-350°F (175°C) portion of the

cold separator liquid is hydrotreated, while the 350°F+ (175°C+) material is
blended with the hot separator liquid and the reactor wax and hydroisomerized.
The product of the HI reactor is then blended with the hydrotreated Cs-350°F
(175°C) product and recovered.

Option D: ' In a fourth option, a split-feed flow scheme is provided
which can produce a jet fuel capable of meeting a jet A-1 freeze point
specification. In this option, the hot separator liquid and the reactor wax is
hydroisomerized and the product recovered. The cold separator liquid, and
optionally any residual S00°F- (260°C-) components after subjecting the hot
separator liquid and reactor wax to treatment in a wax fractionator prior to
hydroisomerization, is subjected to hydrotreating. The hydrotreated product is
separated into a (a) Cs-350°F (175°C) product which is recovered, and a 350°F+
(175°C) product which is hydroisomerized and the hydroisomerized product
then also recovered. These products can be blended together to form a jet fuel

meeting a jet A-1 freeze point specification.



WO 01/17678 PCT/ US0024394 -14- (11) Production of Maxi mum D esel The three
streans fromthe F-T reactor constituting the syncrude, viz. 1) the cold
separator liquid (CS-500F), 2) hot separator liquid (500F- 700F), and 3)
react or wax WOrdQm&g ar e each' treated in accordance with cePEHVSP0264 | ons
for producing the maxi mum anount of a diesel fuel as follows: Option A
(Singl e Reaction Vessel: Wax Hydroi sonreM—<zer) The reactor wax fromthe FT
reactor is passed, with hydrogen, to a wax hydroi sonmeri zer. The other two
streans fromthe F-T reactor, i.e., the cold separator liquid and the hot
separator liquid, are conbined with the product from the hydroi sonerizer
and the total mxture is -assed to a _fractionation colum where it is
separated i fH tigy Digselang a 700F- (372C) distillate while
a 700F+ (372C+) streamis recycled to extinction in the hydro- isonerizer.
The catal ysts used to conduct the wax hydroisomerization reaction are
descri bed i n subsectThethrés sthdaxisrfrom thesFiT teat®r cOptituting'the Bypcrudeydi t i ons
enpl oyed for conducting the wax hydroi sonerjza- tion reaction are described

in subsect i oie. (1) thereold separasos liguid{Ce-500fK), dhhot sepaggiardiquesd (SOBFK- vessel
System Wax oi rizer treat this i on. e reactor
ng treati nalaé% ﬂ%‘?gggeéﬁoﬁ@’&xg Wq‘rﬁﬁﬂ%ﬁ?ﬁ&) é‘b’glm aﬁc‘?fggxé HES"‘@ﬁ“Ph opti on
Alis unchang,? p air b'i'ﬁé:&?:ﬁﬁl arRBhrt dfasdiesel ﬂzéﬁ@fél?év@sf l'iquid and
hot separato I qui r otreated at hydro WO 01/ 17678 PCT/ US00/ 24394

-15 treating condltlons the product therefromis then m xed with the

roduct of the, dr,oi.sonerizer a‘wd tot al ture fractionated to
P : Mﬁgle i{eacgleon 6essél axtl-i]vedrmsom f

recover lig

The reactor wax from the F-T reactor is passed, with hydrogen, to a
wax hydroisomerizer. The other two streams from the F-T reactor, i.e., the cold
separator liquid and the hot separator liquid, are combined with the product from
the hydroisomerizer, and the total mixture is passed to a fractionation column
where it is separated into light gases, naphtha, and a 700°F- (372°C-) distillate
while a 700°F+ (372°C+) stream is recycled to extinction in the hydro-

isomerizer.

The catalysts used to conduct the wax hydroisomerization reaction

are described in subsection (I) Maximum Distillate, Option A.

The conditions employed for conducting the wax hydroisomeriza-

tion reaction are described in subsection (I) Maximum Distillate, Option A.

Option B: _(Two Vessel System: Wax Hydroisomerizer and Hydrotreater)

In this Option B, the reactor wax treating scheme described for
maximum diesel in accordance with option A is unchanged, but in this instance

_both the cold separator liquid and hot separator liquid are hydrotreated at hydro-



naphtha and distillate. The hydrotreating catal yst used in conducting the
hydr ogenation reaction is described in subsection (1) MaximumDi stillate, .
Option A The conditions enployed in conducting the hydrotreating reaction
is descriwediamrsubsection (1) Maximum Distillate, Optiporesooeysdson C
(One Vessel: A Wax Hydroi sonerizer) In accordance with this option, both
the cold separator liquid and the reagtor wax are hydroi sonerized, the hot.
separator liquid is mxed with the product fromthe hydroi sonmerizer, and
the total mxture is passed to a fractionater where it is separated into
li ght gasegeatii@ddnimions thé pfddubt @kfefrofh is (REHhixXed Wit thef prodidtofithies T ecycl ed
to extinction i'n the wax hydroisonerizer. The catalyst used to conduct the
wax hydr oi wexrbydunisomenizes and thetotal minse fragtionated to esover light gases, Maxi num

Distillate, tio ....4ne conditions enployed in conducting the

hydr oi sone?qpﬂﬁ?iﬁ‘ﬁ?tg}ﬂ?'i on is described in subsection (1) Maximm
Distillate, Option A (111) Production of Maximum Lube (Two reaction

vessel s; a Hydroisonerizer and a Catalytic Dewaxing Unit) The reactor wax,

or 700F+ boiling fThehyduotreating ¢catalysiased peondueting thediydepgesati®®oor- 700F
boiling fraction, fro he E-T tre are A s 01/ 17678
PCT/ US001 2%3¢j0n l-sfés‘ﬁig’]&bb? §W??%aﬁi%ln?%1%%%%®é\ﬁom passed to a

fractionator colum wherein it is split into Cl-C4 gases, naphtha,
distillate and a 700F+ fraction. The 700F+ fraction is dewaxed, preferably
in a catal ytic dewdhe aonditions erployed inonducting the hydrotspatRgEeelionsisd ¢ he

product then subj.ected t.0 I . cHumadi sy L.l ati on, or fractionation, to
produce a ‘?"ﬁﬁ’?ﬁ sugwhpﬁg)rl\g%@%‘##@ﬁ*eﬂgﬁlégﬁt or lubricants, is of
hi gh viscosity index and | ow pour point, and is

Option C: (One Vessel;: A Wax Hydroisomerizer)

In accordance with this option, both the cold separator liquid and the
reactor wax are hydroisomerized, the hot separator liquid is mixed with the
product from the hydroisomerizer, and the total mixture is passed to a
fractionater where it is separated into light gases, naphtha and distillate. A
700°F+ (372°C+) fraction is recycled to extinction in the wax hydroisome;izer.

The catalyst used to conduct the wax hydroisomerization reaction is

described in subsection (I) Maximum Distillate, Option A.

The conditions employed in conducting the hydroisomerization

reaction is described in subsection (I) Maximum Distillate, Option A.

(III) Production of Maximum Lube

(Two reaction vessels; a Hydroisomerizer and a Catalytic Dewaxing Unit)

The reactor wax, or 700°F+ boiling fraction, and the hot separator

liquid, or S500°F-700°F boiling fraction, from the F-T reactor are reacted in a



recovered in high yield. In conducting the hydroi sonerization step, the
feed, at least 50 percent, nore preferably at |east 70 percent, of which
boi |l s above 700F, with hydrogen, is contacted and hydroi soneri zed over a
hydr oi soner iwefbi/omsr7ecat al yst - at hydroi soneri zati on conditi egruseld4ssi ent to
convert from about 20 percent to about 50 percent, preferably from about
30 to about 40 percent, of the 700F+ hyalrocarbons of the feed to 700F-
products, based on the weight of the total feed. At these conversion

| evel s, maj or anpbunts of the n-paraffins are hydro- isonerized, or
converted t qylisfiRahéider Aiid thel frodudtihéretrobyshsSed Rcdfracticnatdtadhans f uel
by-products. "The total feed to the hydroi sonerization reactor, which

const it ut es whereimitisaplit o G @ases, naplithatdigillapeanbn 700 Hefractian. y from
about 30 percent to about 70 percent, by weight of the total Iiquid output
fromthe F-T reactor, is fed, wth hydrogen, into the hydroisonerization

reactor. The hydroi ' i . | e . :
hydr oi someri zati on ﬁ??@ﬁ/ﬁbﬁ o&ﬁ?c &%éeifp }eeglat'ﬂglﬁn %1&}5@ gﬂ%ﬁe"é’?’émg
contacted; typg, 6PisBorsatalgtiballysdévdaiedimidahe producomeR bulsjscted to a low
dehydr ogenati on conponent conposited with an acidic oxide carrier, or

support. | vacwmemdistilletionariractionation, so prasiuce a fubricast or Mbricaptsedheher et o i s
t hus converted. to | fi . ﬁ] ql: ies via

hydr oi soner |l§%?%ﬁmW%7E%%%%big§§§M% e '%glg‘ginsation or
dehydr ogenatreéuverddialhigioyienent of the catalyst used in the

hydr oi soneri zation reactor nmay be any Goup VIII netal of the Periodic
Tabl e of the Elenments. Preferably the nmetal is a non-noble nmetal such as
cobalt or nickel; w . ' c cﬂgg% alytically
active netal may be %&g&l@ﬁ%ﬂ{gﬁﬁ?ﬁgg%éﬁ#%%aﬁﬁgggphg@ Wi ’r#-ci)b%g{;%dr nore net al

pr ?mlot ers Olpef@n€ #ctk préferably @ 18458 TOpREcentRY WiEcHIbSIEiBovaJO0RE,akith or as
et a

hydrogen, is contacted and hydroisomerizéd over a hydroisomerization catalyst
at hydroisdmerization conditions sufficient to convert from about 20 percent to
about 50 percent, preferably from about 30 to about 40 percent, of the 700°F+
hydrocarbons of the feed td 700°F- products, based on the weight of the total
feed. At these conversion levels, major amounts of the n-paraffins are hydro-
isomerized, or converted to isoparaffins, with minimal hydrocracking to gas and
fuel by-products. |

The total feed to the hydroisomerization reactor, which constitutes
from about 20 percent to about 90 percent, preferably from about 30 percent to
about 70 percent, by weight of the total liquid output from the F-T reactor, is fed,
with hydrogen, into the hydroisomerization reactor. The hydroisomerization
reactor contains a bed of hydroisomerization catalyst with which the feed and
hydrogen are contacted; the catalyst comprising a metal hydrogenation or
dehydrogenation component composited with an acidic oxide carrier, or support.
In the hydroisomerization reactor, the feed introduced thereto is thus converted

to isoparaffins and lower molecular weight species via hydroisomerization.



oxi des, dependi ng upon the particular pronoter. Suitable netal oxide
pronmoters include oxides of netals from Goup VI of the Periodic Table of,
the Elements. Preferably, the catal yst contains cobalt and nol ybdenum The
catal yst m¥P UL contain a hydrocracki ng suppressant sPAPESMAEHIE essi on of
the cracking reaction is necessary. ghe hydr ocr acki ng suppressant nmay be
either a Goup IB netal or a sourcél f sulfur, usually in the formof a
sul fided catalytically active netal, or a Goup IB netal and a source of
sul fur. The acidic oxide carrier conmponent of the hydroi sonerization

catal yst can be furnished by a support with which the catalytic netal "or
nmetals can be co ' . . can be any

aci dic oxide or m”ﬁi)(%fﬂg{@é%@}{%% e%é%ray@ggﬁ@g@étg}gé}nﬁ urg'gft eereof.

Pref er r ed catdlyRpiised ih ded hifizoisombrigAionataviormay be kirg Gradp Vil aetal of

silica-al um na-phosphates, titania, zirconia, vanadia and other Goup I|II,
IV, V or the ReriodicsTable ofthe Elgmentss Pecferablycthe metal is amop-poblespetal v si eves.

Preferred_s (o] i Pi]llﬁj ) f’ggg L) 11Gas Lfa erably
silica-al ﬁ?ﬁlﬁﬁg C\rf\)kglrtgp cgglgi | cgqeg%%cen??re&a%télg%"g the thl}FEQs ppéﬁ' is |less
t han abouhcth métdh may bk prasbhtyin/the sathlysttogdthert with ont &6 mbsinetal ef er ably  t he
concentration ranges from about 15 wt% to about 30 wt% Wen alumna is

used as t PEORQIEISEFco-catalysts. ahkspromatars maydie presest a3 mgkls orasfastale

i ncor por at i . I (o)VA! t | ' ' WO
01/ 17678 &%%Fﬁggé?‘ﬂ%ﬂﬁ&{)% Pﬁ“%ﬁé"?@?"rﬁt‘g‘%&ug‘%ﬁ éegle%glta a df to gi%sne havi ng
surface afRdfdeioxiddiodf nictilg fropd GedugV] dBthe PeriatlicTabdkO6f the Blements.ef er abl y

about 230 to about 350. nRlgm and a pore, yol une gijh abﬁrt 0.3 to about 1.0
mL/ gm pr Breferablyy theisstalyst gontgins ohyband molybdepym, The caiafyst m@¥alsoy of about

0.5 to ab g ;%&ra lﬁﬂg | %’ggsgéﬂmgi&r&h-%q@%ﬁ&-g to about
3.5 kg/ mngqiﬁ%ﬂ’pagl par at‘f on %‘?pppl;é:sg%grsﬁacgéa rphous silica-al um na lm’ cropheres
necessary. The hydrocracking suppressant may be either a Group IB metal or a

source of sulfur, ﬁsually in the form of a sulfided catalytically active metal, or a

Group IB metal and a source of sulfur.

The acidic oxide carrier cbmponent of the hydroisomerization
catalyst can be furnished by a support with which the catalytic metal or metals
can be composited by well known methods. The support can be any acidic oxide
or mixture of oxides or zeolites or mixtures thereof. Preferred supports include
silica, alumina, silica-alumina, silica-alumina-phosphates, titania, zirconia,
vanadia and other Group III, IV, V or VI oxides, as well as Y sieves, such as
ultra stable Y sieves. Preferred supports include alumina and silica-alumina,
more preferably silica-alumina where the silica concentration of the bulk support
is less than about 50 wt%, preferably less than about 35 wt%. Most preferably
the concentration ranges from about 15 wtd% to about 30 wt%. When alumina is
used as the support, small amounts of chlorine or flucrine may be incorporated

into the support to provide the acid functionality.



for use as supports is described in Ryland, Lloyd B., Tanele, MW, and
Wlson, [IN, Cracking Catalysts, Catalysis; Volune VI, Ed Paul H.
Emett, Rei nhol d  Publ i shi ng Corporation, New York, 1960. The

hydr oi somer iWAS¥38r eact or 15 operated at conditions defi n%‘é"’ﬂ%“mﬁ?fl ows:
Maj or Operating Variabl es Typical Preferred Te ture, C 200-450 290-400
Pressure, psig 300-10,000 500-1500 Hyd%gen Treat Rate, SCF/ B 500-5000
1000- 4000 During hydroi sonmerization, the anount of conversion of the 700F+
to 700F- is critical, and ranges from about 20 percent to abput 50 percent,
preferably from about pederred supported catplystis one bawimg surfeerargas BHAE i ons

SOORL £ net ke Of BhiB0s8 bl AP TR PRGN Bofl Sadielinarass o°. The,
catal ytic dgg%m,mdla &ewm&%at%xuabuhrmomgmbmwab@mt subj ect ed

to a pour or near-final _|ubricants;

reducing step to produce final
sone of whi GBSrtaybomqlﬂfrHﬂ.f/gm*shbuﬁ@bpﬂthofabpqtﬁiatqmt V9l gnda st .
Thus, WO 01/, 7673 PCT/ US 9 nt fromthe catal yst
dewaxi ng unfific EHSHNG Qcﬁf?ﬁ’g’ ‘98&?9@%‘&3&5%@- still for further
concentration of Iube nol ecul es into a final product. The final pour point
reducing step in the catalyst dewaxing unit is preferably carried out by

contact with a unit iChegreparatipnefipteferted|amsrphonsdilicaaluging micsophyres

dehyd t d
Comonent . Ione Bh SUHPOGR i ARGHORLOER. IOV Herk AP Ly RERRG 10 o)
or netals, 2 Ski) t@ﬁ;@ty,mé(ﬂ sisVVidhnfie VA, D Pehl H. Biinwtt, ReinHol®

Periodi c Tabl € of thg El enents. The dewaxi ng conponent is conprised of
Publishing Corporation, New York, 1960.

The hydroisomerization reactor is operated at conditions defined as

follows:
Major Operating Variables Typical Preferred
Temperature, °C 200-450 290-400
Pressure, psig 300-10,000 500-1500
'Hydrogen Treat Rate, SCF/B 500-5000 1000-4000

During hydroisomerization, the amount of conversion of the 700°F+
to 700°F- is critical, and ranges from about 20 percent to about 50 percent,
preferably from about 30 to about 40 percent; and at these conditions essentially

all olefins and oxygenated products are hydrogenated.

* The 700°F+ fraction from the bottom of the fractionation column is
passed to a catalytic dewaxing unit wherein the waxy lubricant molecules are
subjected to a pour point reducing step to produce final or near-final lubricants;

some of which may require further separation in a lube vacuum pipe still. Thus,



an internediate or small pore crystalline zeolite, and the isonerization
conponent is constituted of an anorphous acidic material. Such catal yst not
only produces |ubricants with high viscosity indexes and significantly
reduced pW¥AOVEET8ts but reduced yields of undesirabl e JEENN2438bnt ha.
Catal ytic dewaxing is a process well docunented in the literature; as are
catal ysts useful in such processes. -Mwever, the preferred catal ysts ]
enpl oyed in the catalytic dewaxing unit are unitized m xed powder pellet
catal ysts characterized as particulate solids particles nmade by m xing

t oget her a lybwivdet fromrthbé catalyst desvaxing uritean bﬁgpaswr-’b@rﬁe wasyum pipeder ed

or of or abi 3l BHTorhE FAnEEGLAn L Ahe BRRRUEY IO & OHBORBALCL or components, (or

to which is subsequently added a dehydrogenati on conponent, or conponents),
form ng a honogeneous mass fromthe mxture, and pelletizing the mass to
produce solids p&ﬂmlfmakpcmtpomtdm’mg stepuhﬂufcaw}y&tﬁewmmmls he dewaxi ng

Tt PR 5y SOBAELIIE S AV OB ORI  ho

| somer i zaghp risifi AR §é&nﬂﬂ'cﬁﬂl%bﬁerﬁd§|§é’w&hﬁg e 6L SadRm Zat i on

conmponent, ot particul ate sol I ds wherei n the dewaxi ng
conponentnsonfenzaummnpmeng Thegelydragenatinh ¢ompangahisia catalyivalynent s are

t t 1/17678. PCTLUS t
o7 . cateAN SO CRBPASEA GRAP Vi 1 47 CCpf St afe, T

sel ecti vejny perdaic Pdtle 6£ME FlémEMS. ﬂh@ﬁéﬂﬁﬁhg%on@bnmwcorﬁﬂﬁmfwnt s of the
feed, to pro uce reaction products which are renoved from the process as

gas, whil annitetrmndme brmdhpcrervyymihae mge,ta@dﬁb%§0m&%am for renoval

as useful |ube oil onent s o] Thi s
cat al yst PUPRPReat Istfé’nﬁtgtﬁtfa %rpeiﬂ?'lsgcaﬁédﬁgﬂﬁg%g% slrl%}g%#gg%tx%;t oducts to
upgr aded only produces lubricants w1th high viscosity indexes and significantly reduced

pour points but reduced yields of undesirable gas and naphtha.

Catalytic dewaxing is a process well documented in the literature;
as are catalysts useful in such processes. However, the preferréd catalysts
employed in the catalytic dewaxing unit are unitized mixed powder pellet
catalysts characterized as particulate solids particles made by mixing iogether a
powdered molecular sieve dewaxing component and a powdered amorphous
isomerization component, one or both components of which, preferably both,
contains a dehydrogenation component, or components, (or to which is
subsequently added a dehydrogenation component, or components), forming a
homogeneous mass from the mixture, and pelletizing the mass to produce solids
particles, or pellets, each of which contains the dewaxing component, the
isomerization component, and the dehydrogenation component in intimate
admixture; or contains the dewaxing component and the isomerization
component to which is. added the dehydroisomerization component, or
components, to form particulate solids wherein the dewaxing component, the

isomerizing component, and hydrogenation components are present in intimate



products from which lubricants of high viscosity index and | ow pour point
can be recovered. This objective, and others, is achieved while mnim zing
the production of the | ess desirable gas and naphtha. In preparation of
the unitizedVPOMIIBI pel | et- catal yst, the catal yti.c.. netal , PFEFUSRNM249¢
dehydr ogenati on conponent can be conposited with the de- waxi ng conponent,
of the catalyst netal, or netals, dehyaPOQenation conponent can be
conposited with the isonerization conponent, or the catalytic nmetal, or

met al s, dehydrogenati on conponent can be conposited with_both the dewaxing
~and the i somixtineatThercompeopentsiof theeatalyst;workdpgethero poeperativelyand i zed powder

pell et catal yst.. The unitized powder | ta be forned
froma co Y&‘%‘%ﬁyﬁﬁe‘eksﬁé?ﬁﬁ\?%mai?hﬁ%‘? ﬁgea[ﬂ) %‘%%%Igsaﬁglé?en s and a

catal yti c n&mponenflofthé filed, toitBicleagadtRin OIS dre tadoVétbfrole
deposited thereon. Suitably, ‘the dehydrogi;natlon conmponent is a G oup VIB,

Group VI | B, thepragessigs 4s) whilmallewingbranehed hydrogachans 4o ppssedawnsiieamy | | nobl e
tal, tals, of th i odi.c _Table of the El t. . el ch

Soi onti 11 o e RaYA aelyr] Bive Stlsiendlie simBondn st Filk GihptolbS e ©

pal I adi Um o1\ 4Perits tHeltBndBidY GHFISCHE-TRYpsCh rédditivn préductedoalpgradedet al

or netals, dehydrogenation conponent is present in concentration ranging
from about produgie froemwhich lnbucantsofhigh vissasity imdex end low pour peinteasut 0. 1

percent to about 3. rcent .. based .pon the wei ght,qQf t.he tot cat al yst
(dry basi s)l.’e‘ieﬁ(’b%ﬁ‘gr‘gﬁ',s maé@mtg?rsslisg@e %B‘ﬂ%ﬁ?‘q@zﬁg@g‘gnt in the
catal yst | nypanGfiidfahé R3S dedibld gaslmdHaphtd! 2 percent to about 80

percent, preferably from about 20 percent to about 60 percent, based on

t he weight of the WO 01/17678 P. CI/US00/ 24394 -21 catalyst (dry basis).
The isonerization c onent. i s.aener.al | resent, J i on ranging
from about 20 perceﬁqn&egméb%tof %6@gﬁyw®%§?{a%w§&fn@§%%%ﬁ 30
percent to Rb@ltor dfetAls debytrogeAfish UinpdiRnt\EindbY codhpdsited vittothi de-

waxing component, or the catalyst metal, or metals, dehydrogenation component

can be composited with the isomerization component, or the catalytic metal, or
metals, dehydrogenation component can be composited with both the dewaxing
and the isomerization components prior to formation of the unitized powder
pellet catalyst. The unitized powder pellet catalyst can also be formed from a
composite of the dewaxing and isomerization components and a catalytic metal,
or metals, dehydrogenation component can then be deposited thereon. Suitably,
the dehydrogenation component is a Group VIB, Group VIIB, or Group VIII
metal, or metals, preferably a Group VIII noble metal, or metals, of the Periodic
Table of the Elements (Sargent-Welch Scientific Company: Copyright 1968),
suitably ruthenium, rthodium, palladium, osmium, iridium and platinum. Suit-
ably, the catalytic metal, or metals, dehydrogenation component is present in
concentration ranging from about 0.1 percent to about 5.0 percent, preferably
from about 0.1 percent to about 3.0 percent, based on the weight of the total
catalyst (dry basis). In general, the molecular sieve component is present in the
catalyst in concentrations ranging from about 2 percent to about 80 percent,

preferably from about 20 percent to about 60 percent, based on the weight of the



(dry basis). The dewaxi ng conponent of the unitized powder pellet catalyst
Is preferably an internediate pore, or a small pore size nol ecul ar sieve,,
or zeolite. A preferred nolecul ar sieve dewaxi ng conponent is an

i nt er medi aYVQ”Hé(J%és size zeolite having a 10 nenbered ri n§CHHFO248¢¢ i onal
pore material which has oval 1 D por having a m nor axis between 4.2A and
4.8A and a major axis between 5.4A7dnd 7.0A as determ ned by X-ray )
crystal |l ography. A yet nore preferred dewaxi ng conponent used to formthe
unitized powder pellet catalyst is characterized a snal | pore nol ecul ar
si eve wherealyst (dik badisle ThedsRigrzationcompenensys sewﬁfs@r&ﬁwt hat formthe

limting . IS ' | Hmitute one of
t he four g%g&g?%%s%ﬁb%gp%d?%%§q§g%%&?%ﬁ%gﬁg&ggf?er around a
silicon ofrop atsﬁunem#iemm wadboati6 Apercentytbaved bnitheweighavbthe datalyst oxi de ion is
coordinated to two franework ions in these structures. The structure is
referred {&ydssisy rj ng" as a shorthand way of describing a nore conpl ex
structure; a shorthand notation used extensively in describing nolecular
sieves of this type is the Atlas O Zeolite Structure Types, Fourth

Revi sed Edition 193 dewafingamponentlof the dditized pOwderrjwilles cathlystiss si ze are
such as to substantially _exclude nol ecules of |arger size than, normal

hexane; opreferablyaayigterpediate pore. W asmall porp size mppleiarsieys; OREAlites| es of

smal | er siyz En‘gl '?ﬁéﬁgﬁ""“;!h Enidl : kgye is of pore
si ze rangﬁn@etegfe&enéﬁg abou . ar‘Fd&Eﬁ@%J,ehgrge er ab y&g%%otrégﬁ{A to about
3. 4A, andzeshiwhavifig adl) membergd ki lunidirdctibnal iperck mhtetiahwhichrhas @valde

conponent .

It is preferably selected om,t roup consi sting of
zeol i tes, ltl%éf’&ihla?’@ﬂtaégl,mf@F&ﬁ@ﬁ@l“-%&ﬁgﬂgﬁ g‘?fgégﬁé\?’eaé“% & r ahedr al

silicoal ugi o%ppf eg."ﬁﬁf’ e@s%, E tibeRichiyhe WO 01/ 17678
PCT/ USO0/ gl?gg -'gg%nn(%?gcu ar i}g\% C r?pon n sg"of this type are SAPO 56,
(AFX), ZK-5 (KF1), _ :

A yet more preferred dewaxing component used to form the unitized

powder pellet catalyst is characterized as a small pore molecular sieve wherein .
the pore windows are formed by 8 oxide atoms that form the limiting edge of
this pore window. The oxide atoms each constitute one of the four oxide atoms
of a tetrahedrally coordinated cluster around a silicon or aluminum ion, called a
framework ion or atom. Each oxide ion is coordinated to two framework ions in
these structures. The structure is referred to as "8 ring" as a shorthand way of
describing a more complex structure; a shorthand notation used extensively in
describing molecular sieves of this type is the Atlas Of Zeolite Structure Types,
Fourth Revised Edition 1996 in 8 Zeolites 17:1-230, 1996. Pores of this size are
such as to substantially exclude molecules of larger size than normal hexane; or,
conversely, to allow entry into the pores of molecules of smaller size than
normal hexane. The small pore molecular sieve is of pore size ranging between
about 6.3A and 2.3A, preferably about 5.1A to about 3.4A, and comprised of a
crystalline tetrahedral framework oxide component. It is preferably selected
from the group consisting of zeolites, tectosilicates, tetrahedral alumino-

phosphates and tetrahedral silicoaluminophosphates (SAPOs). Exemplary of the



Al PO4-25 (ATV), Chabazite (CHA), TMA-E (EAB), Erionite (ERI), and Linde
Type A (LTA). The Linde Type A zeolite is a particularly preferred

nol ecul ar sieve. The catal ysts, besides the dewaxing, isonerization, and
dehydro- geM¥®¥#78mponents, may optional |y also contain bPEHESRAB | o s.
Exenpl ary of such binder ‘materials are silica, alunina, silica-alunina,

cl ays, magnesia, titania, zirconia or2%i xtures of these with each other or
with other materials. Silica and alumna are preferred, with alunmina being
the nost preferred binder. The binder, resent, is generally present
in anount rmelgtwgr sicvercerponents ofthisdype aJteoSAlBBtﬁG £AFX3; ZKrd (KBhef er abl y

total catal %@*ﬁx@@aﬁm ChaL TN EEAD Rt ORI B L inds . 06 by
pul ver i zi norgadh PETAST TR LiAATYHREA 7EbiNeY 2 bRARMNSTy SreR@NAiaBRoklani Shed

nol ecul ar si yst and a “‘powdered finished |soner|zat|on catal yst,
as conponersiave. and t hen conpressing the honbgeneous nmass to form
particul ate solid shapes, e.g., lunpy solid shapes, extrudates, beads,
pellets, pills, tablets or the like; each solid shape of which contains

the ol ecul ar si everfeuniyid, BARMATRS lewidifg  SOREFbatRn, id BoigROent  and

the dehydrogenation comporient. One or nore cat alysts of given type can be
pul veri zed genated cothponents.anay npummycalsmozmnain bmdwmwmaly Ennpplaemt or

conmponents, -of the unitize mx | | et c exa a nol ecul ar
o eve. cat aiqf Suct HdeTimalef et A Silialihigiin TR AT e A2V AT | ons. ¢ 0
wit: a molemhafircdhflVé rﬁ&%‘é&‘%ﬂﬂleﬁé’m%aéﬁgﬂi@r bR with' th&' MiMeialRy

inpregnation, a Goup VIH netal, or netals, of the Periodic Table, nost
pr ef er abl y SiliGx andoalvinina arnquenné,t\uith abumnebeing thempst preferrédibinden

pal | adi um erall thec egnated w t.h f.rom t 0.1
Per cont -t o TR, ¥heh Presfit SarBpmlyarosent e 888 FRATRa0/ 24304
-23 percent to about 50 percent, preferably from about 20 percent to about 30

percent, based on the weight of the total catalyst (dry basis; wt%).

The unitized catalyst can be prepared by pulverizing and powdering
and then mixing together a powdered finished molecular sieve catalyst and a
powdered finished isomerization catalyst, as components, and then compressing
the homogeneous mass to form particulate solid shapes, e.g., lumpy solid shapes,
extrudates, beads, pellets, pills, tablets or the like; each solid shape of which
contains the molecular sieve dewaxing component, the isomerization component
and the dehydrogenation component. One or more catalysts of given type can be
pulverized and powdered, and mixed to provide a necessary component, or
components, of the unitized mixed pellet catalyst. For example, a molecular
sieve catalyst can supply the dewaxing and dehydrogenating functions, to wit: a
molecnlar sieve component composited with, preferably by impregnation, a
Group VIII metal, or metals, of the Periodic Table, most preferably a Group VIII
noble metal, or metals, e.g., platinum or palladium. Generally, the catalyst is
impregnated with from about 0.1 percent to about 5.0 percent, preferably from



about 0.1 percent to about 3.0 percent, based on the weight of the
catalytic conponent (W% dry basis). The isonerization and
dehydrogenati gn_function, on the other hand, can be supplied by an

i soneri zat POPYM8| yst. Thus, the isonerization conponeRET/HS024I4cat al yst
I's conprised of an anorphous acidic material; an isonerization catalyst
conprised of an acidic support conpos®X-ed with a catalytically active
nmetal, preferably a Goup VIII noble netal of the Periodic Table, suitably
ruthenium rhodium palladium osmum iridiumand platinum which can
suppl y t habbutdhi percent torabenti3.0pesodnt besedtanothe fweighitiof the. catlytic i soreri zat i on
cat al yst conponent. can ;thys.he an isomerization catal yst such as those
conpri si n§°§BPg?9qM%pgf¥,§?séﬁg- oxi de support base (e.g., alumna, silica-
alumina, zirconia, titanium etc.) on which is deposited a catalytically

active netal selected fromthe group consisting of Goup VIB, Goup VIIB,
Goup VI netal sThangomenzationsandidehypdrogenatiohdnuadtiop, G thepothér Handpt al s, nore

pr ef er abl oble.G.oup VIIIl netals t.preferably.platinumor palladium
and opt i oﬁﬁ‘fﬁ?/suﬁm{?fj??éfﬂ'ds?;fnﬁq Pé;?tag‘ggd 'é?nfhﬁs‘ﬁ‘&‘ﬂz‘é 494 ogen, phosphor us,
boron, yt Eéi%a?ﬁ%?{ifﬁg mﬂyﬁti&mﬂ%ﬁicﬁro?%ﬁénf@tﬁ’&ﬁ%idé hatediaf ad@ONES @, NSt

pr ef er abl orine. The catalytically active netals are present in the
range of isomerizbtion cgalystcomyisised obamacitliy) suppeit comipbsitedrwith about 0.1 to

about 2.0 08. The promoters and. ., dopant e used too _conirol the acidity
o “the | sitebisaly lNETRLR) Bretesshlya O A Roblp Sisrarut e Peipdicy ol yot
enpl oys aThBIE SsuilbBY futenfitf thodiugl, pallifinme 6éiviy, itidiun m&&ﬂmo t he
resultant catal yst "by addition of a hal ogen, preferably fluorine. Wen a

hal ogen i whighaan sppplyghe isomerization ansl dehydfogepatinndfunciionsaThenount in t he

range of ut. 0.1 out 1 % oreferably about 0.1 to gbout 3 w%

nore pr eggﬁ‘gﬁﬁﬁ?‘}%aﬁﬁg‘gﬁ%‘%gi&%?‘gg‘ﬁ&?aj"ﬁf‘@%’% onfra?%%sfﬁﬁ‘f rom about

0.5 to ahesé cdmprivihfta réfradtby hetal dfidé shpport dse (€.5 2alumils dflicds t he base

material, acidity can_be controlled by adjusting the ratio of silica to

al um na ofluming, girepjagtitanium, etc.) on which'is deposited a catalytically active :
metal selected from the group consisting of Group VIB, Group VIIB, Group VIII

metals and mixtures thereof, preferably Group VIII metals, more preferably

noble Group VIII metals, most preferably platinum or palladium and optionally
including a promoter or dopant such as halogen, phosphorus, boron, yttria,
magnesia, etc. preferably halogen, yttria or magnesia, most preferably fluorine.
The catalytically active metals are present in the range of from about 0.1 to
about 5.0 wt%, preferably from about 0.1 to about 2.0 wt%. The promoters and
dopants are used to control the acidity of the isomerization catalyst. Thus, when
the isomerization catalyst employs a base material such as alumina, acidity is
imparted to the resultant catalyst by addition of a halogen, preferably fluorine.
When a halogen is used, preferably fluorine, it is present in an amount in the
range of about 0.1 to about 10 wt%, preferably about 0.1 to about 3 wt%, more
preferably from about 0.1 to about 2 wt% most preferably from about 0.5 to
about 1.5 wt%. Similarly, if silica-alumina is used as the base material, acidity
can be controlled by adjusting the ratio of silica to alumina or by adding a |

dopant such as yttria or magnesia which reduces the acidity of the silica-alumina



dopant such as yttria or nmagnesi a which reduces the acidity of the
silica-alumna WO 01117678 PCT/ USO0/ 24394 -24 base material as taught in
U S. Patent 5,254,518 (Soled, MVicker, Gates, M seo). One or nore

I sormeri zat i owoestmwbtysts can be pul verized and powdered, apérmisyrdidso
provi de two of the necessdry conponents of the unitized m xed pellet
catalyst. Dewaxing is preferably carrieggout in the catal yst dewaxi ng unit
in a slurry phase, or phase wherein the catalyst is dispersed throughout
and novable wthin a liquid paraffinic hydrocarbon oil. The 700F+ feed is
passed, W t BasMAEAGED tahglitGn US. PAER 9244, 5'F8\B016H) MEWicker Gatgact i on
carried out at catalytic —dewaxing conditions tabulated as fol [ows: Mjor
Oper ati ng VMised)l @necar méredsemenzhtiofeatadysit candye pulyei2dand4owdensl, 448)

500- 752 (260-40Q Pressure, psig 300-10, 000 500-15 dr qgen Jreat Rate,
SOPB 200, 5080 T BV S B RB ik oG CORROIR Ot e WA TP | <
generally a gﬂgﬁdmah%gnverted dewaxed | ube oil bl endi ng conponent, or | ube
oi I havi ng €|5005|ty i ndexes rangi ng above about 110, and | ube pour point
bel ow about -15C. The invention, and its node of operation will be better
understood by reference.to, the féhlomdng exanpl es, . and denpnstrati ons

‘which illustrate s axing ispreforaniy carzied aup Bhihgcatalyst devaxinguaiting |

terns. of wej ' ' ol R I ' dat a
shows t hat E%J}rﬂa %%E’r Bgﬁgm%rtalﬁlvtg{, Ewgggegi ¥ regm a Fﬁ@n@g ﬂslﬁ%ﬂggkrg ted
cobal t cat aiwjthin dYiquidepacaffibioinidrocarbén 6il.r The 700%H-ofeed ixipassed, iwith hot or col d

wat er washing steps w thout |oss of cobalt fromthe catal yst. WD 01/17678
PCT/ USOQ 24hbwdrogen, into the catalyst dewaxing unit and reaction carried out at catalytic

dewaxing conditions tabulated as follows:

Major Operating Variable Typical Preferred
Temperature, °F (°C) 300-840 (148-448) | 500-752 (260-400)
Pressure, psig 300-10,000 500-1500
Hydrogen Treat Rate, SCF/B 500-5000 |  1000-4000

The product of the catalyst dewaxing unit is generally a fully
converted dewaxed lube oil blending component, or lube oil having viscosity

indexes ranging above about 110, and lube pour point below about -15°C.

The invention, and its mode of operation will be better understood
by reference to the following examples, and demonstrations which illustrate
specific and preferred embodiments. All parts are in terms of weight units

except as otherwise specified.

The following data shows that sulfur can be effectively removed
from a titania supported cobalt catalyst by the combination of air oxidation and

either hot or cold water washing steps without loss of cobalt from the catalyst.



-25 The data show, in marked contrast, that cobalt is lost froma silica
supported cobalt catalyst, simlarly treated. Exanples Preparation of a .
Sul fided Catal yst: For conparative purposes, a sanple of fresh Co-Re/ Ti Q2
catalyst woomizmm |y 11.5 % Co, 1.25 wt % Re on Ti Q2 SUpGTowsod/24304
prepared, and analyzed for cobalt and sul fur content by atom c adsorption
spectroscopy. The analysis showed: -28-5- 0.2 wt % cobalt and 0.005 0.001
wt % sul fur. The high concentrati on hydrogen sul fide gas used for sulfiding
the catalyst was produced by acid evolution froman al kali metal sulfide
sal t. TheThedata\shdwtitimarked cohtrast,tthat dobal isdlost frame acstlidasstppordgd and puri fi ed
by di stlllatlon fro]{q’iﬁls trap to a second dry ice cooled trap. The second
trap was BPRAN caalystyg a@‘?é‘iﬁ’ﬁ ions so the quantity of liquid H2S coul d be
determ ned. The liquid H2S in the second trap was vaporized and col |l ected
inalliter glass bulb equipped with a pressure indicator. The quantity
of H2S gagxamplebe bul b was determ ned fromthe neasured pressure,

t enper ature (anbi ent) and the known volune of the bulb. The unreduced
cat al yst, 20 gm(ll %Oo 1.25 wt% Re on Ti2 support), was placed in
‘a Schi enkPreparatipn of  Juifidad{catalysls t ube was evacuated for about 1 hour at
anbi ent terrperature Then the tube was filled with 45 mM of H2S at 273 mm
Hg pressure fromthe 1liter bulb. This gives approximately 1000 ppm by

wei ght of sul fur mb&gpﬁaﬁeépﬁ?oseihssmﬂedmmﬂemmwﬁchtﬂyﬁr 20 m nutes

to 350C. This caused reaction the H2S with the catal ystew'g
t enper at ufnemipallhbl.g witdr Cool. %M%@e%g@h@ﬂ’%bw@ﬁlﬂiﬁm led to room WO

01/17678 B’ngﬂéﬁ(}g{ ébafthnd seiffur content by atomic adsorption spectroscopy. The
analysis showed: 11.5% 0.2 wt% cobalt and 0.005= 0.001 wt% sulfur.

The high concentration hydrogen sulfide gas used for sulfiding the
catalyst was produced by acid evolution from an alkali metal sulfide salt. The
evolved H,S was collected in a dry ice cooled trap and purified by distillation
from this trap to a second dry ice cooled trap. The second trap was provided
with graduations so the quantity of liquid H,S could be determined. The liquid

- H;S in the second trap was vaporized and collected in a 1 liter glass bulb
| equipped with a pressure indicator. The quantity of H,S gas in the bulb was
determined from the measured pressure, temperature (ambient), and the known

volume of the bulb.

The unreduced catalyst, 20 gm (11.5 wt% Co, 1.25 wt% Re on TiO,
support), was placed in a Schlenk tube for sulfiding. The tube was evacuated for
about 1 hour at ambient temperature. Then the tube was filled with 45 ml of H,S
at 273 mm Hg pressure from the 1 liter bulb. This gives approximately 1000
ppm by weight of sulfur on the catalyst. The tube was then heated over 20
minutes to 350°C. This caused reaction of the H,S with the catalyst. The

temperature was held for 10 minutes and then the tube was cooled to room



tenperature. After cooling, a vacuum was observed in the tube, indicating
reaction of the H2S wth the catalyst. The tube was then flushed with air.
No H2S could be detected in the flushing air. Analysis of the sulfided
catal yst (WBMFSBisorption) showed 0.10 0.01 wt % sul f ur, PEGMBY2Mg t hat
all of the H2S had reacted with the catal yst. The-cobalt content of the
sul fi ded catalyst, by atom c adsorptiéf-spectroscopy was equivalent to the
starting catalyst (11.5% w%O0.2 w% . Regeneration of the sulfided

catal ysts A Oxidation of the sul fided catalyst: A portion of the sulfided
cat al yst, 2ten1ppram mfmreniohng,au wicaiuml \ecssobsst\eélm thet tube, indigating . Air was
passed through.th or, a te ure r.a ly to 500C
by pl aci ng TeRctiqp of tb?gﬁs H@\F@F?i s? ' %’éﬂﬁgﬁf g’l]ggog%for one
hour, then MEPcSAD tekfedth ﬁPdA%'aiﬁifﬁff thOsifigtd clfalydht er
extractlon of  oxi ze sul f1ded ata yst, w'th hot and cold water,

respecti vel &tonjm)adﬁorbnon) s}mmetilﬂ)m:t)ﬂmm%)mlﬂlrzmht“nmmg 'dlatlaliafﬂ‘le/st was
placed in a W|th e water d . to boiling
With sti rrllﬂgs acfegtvaay@wawix% ‘EJE %?ng\{\@oﬁ“ﬁﬁ%e %talxg nut es
With stirri tsgpf 90 ml  of
hatr was B ARG epc D el e e A YIRS e peat e
once nore, Wi%+0L wt@ntal of three extractions with 90'm of boil i ng

wat er. The decanted water fromall three extractions was colorless,

i ndi cating no | oss of cobalt nmetal had occurred. After the third

extraction #@ =] %@g&p@@g by filtration and rinsed with about
500 m of R VE\%EE]%?% o y ﬁgvvas then dried on the filter by
K 0

’ The catal yst was then transferred to
38BBOR4394 - 27

A portion of the sulfided catalyst, 2 ml, was placed in a stainless
steel U-tube reactor. Air was passed through the reactor and its temperature was
raised quickly to 500°C by placing it in a preheated oven. The reactor was held

at 500°C for one hour, then was removed from the oven and allowed to cool.

B. Water extraction of oxidized sulfided catalyst, with hot and cold water,
respectively:

(a) A first portion of the oxidized sulfided catalyst was placed in a
flask with 90 ml of water. The water was heated to boiling with stirring. The
catalyst-water suspension was boiled for 10 minutes with stirring. The water
was then decanted and another aliquot of 90 ml of water was added and the
extraction step was repeated. This was repeated once more, giving a total of
three extractions with 90 ml of boiling water. The decanted water from all three
extractions was colorless, indicating no loss of cobalt metal had occurred. After
the third extraction the catalyst was recovered by filtration and rinsed with about
500 ml of cold water. The catalyst was then dried on the filter by drawing air
through the filter cake. The catalyst was then transferred to a cup and further



dried on a steambath with stirring. The cobalt and sul fur content of the
washed catal yst was determ ned by atom c adsorption spectroscopy. The .
results were: 11.6 0.2 wt%cobalt and 0.016 0.002 wt % sul fur. This shows
t hat 89% oWQMA767hdded sul fur was renoved with no | oss oFPCHEBMRZE3% (bh) A
second portion of the oxidized sulfided catalyst was placed in a flask
wth 90 ml of water at anbient tenperdture. The suspension of water and
catal yst was stored overnight. The water was then decanted and anot her
aliquot of 90 m of water was added, and these_ steps repeated. This was

repeat ed @nied onaoyteam hathi wigh stirripgaThe cobalt and wulfur sententef the Maskegl ni  of

wat er. The decant r l . | ] ess,

i ndi cati n§aﬁfys?8'§§%8§eﬂ@%‘§glb&a et ¢ ladséllﬁégogﬁéﬁoedéﬂ YXF’?‘ ee\rlﬁg‘ﬁféé’%ﬁlé'r d

extracti onilgae.gaftsd vstaltmd 0.GIG2R062IWoD sulfui.r This showsitiat B9%safdhe t h about
500 m of cold water. The catal yst was then dried on the filter by draw ng
ai r t hr ougtidedsulfuriwasremgred with@odassafwebalias t hen transferred to ~a cup
and further dried on a steambath with stirring. The cobalt and sul fur
content of the washed catalyst was determ ned by atom c adsorption spectro-

scopy. The resul t sp) 1A s2céhdpoitith 6P oxidie Sulfidéd Eatdl9t wasplacedfinr . Thi s
showed that 86% of the added sul fur was renoved and there was no |oss of
cobal t. Aaflaskwith 99 mi pf water gt ambienpigmperatutsy Fhesuspension of watergidcn had

been hot er.extracte ri ' X&ﬁﬂ . m c
adsor pti off® 6&3’?? Sglé%&p?‘ﬁe&g%gﬂﬁea#?tﬁg“{agg{e %%4?\9@’?8@%?& nen cﬁlglﬁ Irjlf(;d: 11.5
0.2 wt % Cof 806h1 o vafier Waitited) didhiése steps rEpeatesh Bhisiwas cepehedoacé r om t he

fresh catalyst. Conparative denonstration: For pur sec? of conpari son,
sanpl es oimasetgivipga @%gf@m@@aﬁﬂoﬁ%wﬁbwmwa%gﬁ@ﬁ &gt Si o2 were

sul fi ded, oyl 4t &80 g R VS BbRG, YRIOM L TR/ B AT LT IAZ94 - 28

had occurred. After the third extraction the catalyst was recovered by filtration
and rinsed with about 500 ml of cold water. The catalyst was then dried on the
filter by drawing air through the filter cake. The catalyst was then transferred to
a cup and further dried on a steam bath with stirring. The cobalt and sulfur
content of the washed catalyst was determined by atomic adsorption spectro-
scopy. The results: 11.3+ 0.2 wt% cobalt and 0.019+ 0.002 wt% sulfur. This
showed that 86% of the added sulfur was removed and there was no loss of

cobalt.

A portion of the oxidized, but not sulfided, catalyst which had been
hot water extracted as described in (a) was analyzed by atomic adsorption
spectroscopy demonstrating that the specimen contained: 11.5x+ 0.2 wt% Co and
0.005+ 0.001 wt% sulfur; this showing no change from the fresh catalyst.

Comparative demonstration:

For purposes of comparison, samples of catalyst constituted of

10 wt% cobalt supported on SiO, were sulfided, oxidized, and washed according



to the foregoing procedures. For both hot water and cold water the decanted
wash water aliquots had a pink color, indicating |loss of cobalt fromthe
catalyst. This is in marked contrast to the 11.5 wt % Co, 1.25 wt % Re and
Ti 02 suppor WO @IA76I8yst , where no cobalt | oss was observed. PE¥/ESR02#84e dat a
it is clear that sulfur can be renoved froma sulfided cobalt titania
supported catal yst by the air oxidati o@8and hot or cold water washing
steps without |oss of cobalt by the catalyst. This differs sharply froma
sul fided cobalt silica supported catal yst wherein significant cobalt |oss

i s encount wrthd fokegoing proeedardsf Ror bathrleat twatersandicold wateh éhe devanted col d

wat er. The hydrocarbgns produceq by a_ hydrocagrbon synthesig process

accor di ng t Washhwatepgligyqty hada BHHW)‘%F‘F c%ﬁﬁ?fé& ctoﬁglltr&oé“ %%&3}'%

product s, Dy A el Softrhet 98 it PO5 WA CEI 1396 R RIETROApBER © O
fractionati on and/'or = conversion. By conversion is meant one nor e

oper ati ons ¢aalyt, wheicso cobaltdoss was shservedur e of at | east a portion of the
hydr ocarbon is changed and i ncludes both noncatal ytic processing (e.g.,
steam cracking), and catalytic processing (e.g., catalytic cracking) in
whi ch a fraction '5@&H&ﬁ&h%@ta%i&léartﬁ&'shﬁ%@mf@ééﬂq%dﬂ&?'wiffg&ﬁ“ 'S
present as a reactant, such process steps are typically referred to as
hydr oconver ibalt thmtla stgported, catabyst by alwphie oxidadon and honmrdoldiwiater,

hydr ocr acki ng, _hydrodewaxi ng, hydroyefiping and {he re _seyvere

hydr or ef i ni Washing @PP%‘G“P@“‘&?”SMW%&‘E%Q%”&’FW- ﬁBﬁQ&&T%EF‘a&'PWL‘%WHiat i ons
wel I known j ' &qﬂﬁf '- n feeds,

i ncl udi ng %%é%g%dr%% lféglekggpéﬁ%%&para ﬁh%gé.mﬁi‘r 6?%5?%1?%%?&0but

nonl i m t i ngerewanetedsdueing the swifwradxtrabliensowith either Hod oneoldbyatennver si on

I nclude one or nore of a synthetic crude oil, liquid fuel, olefins,
sol vents, lubricating, industrial or medicinal oil, waxy hydrocarbons,

nitrogen and oxygen AT q,ggf& | KBthesis iiddeds f uel

i ncl udes one or nor 3?‘53@3?%‘@’35@%%‘?9’&% e ?ﬁ)ghslyﬁetemf 5e|, %nd

ker osene, wucbmlihgitorthe intventjoniate typidally epgraded temanpialpatda pooductsy by j et ,
t ur bi ne

subjecting all or a portion of the Cs+ hydrocarbons to fractionation and/or
conversion. By conversion is meant one or more operations in which the
molecular structure of at least a portion of the hydrocarbon is changed and
includes both noncatalytic processing (e.g., steam cracking), and catalytic
processing (e.g., catalytic cracking) in which a fraction is contacted with a
suitable catalyst. If hydrogen is present as a reactant, such process steps are
typically referred to as hydroconversion and include, for example, hydro-
isomerization, hydrocracking, hydrodewaxing, hydrorefining and the more
severe hydrorefining referred to as hydrotreating, all conducted at conditions
well known in the literature for hydroconversion of hydrocarbon feeds, including
hydrocarbon feeds rich in paraffins. Illustrative, but nonlimiting examples of
more valuable products formed by conversion include one or more of a synthetic
crude oil, liquid fuel, olefins, solvents, lubricating, industrial or medicinal oil,
waxy hydrocarbons, nitrogen and oxygen containing compounds, and the like.
Liquid fuel includes one or more of motor gasoline, diesel fuel, jet fuel, and

kerosene, while lubricating oil includes, for example, automotive, jet, turbine



WO 01/ 17678 PCT/ US00/ 24394 -29 and netal working oils. Industrial oi
includes well drilling fluids, agricultural oils, heat transfer fluids and
the like. It is understood that various other enbodi nents and nodifications
in the pr¥OAWHf the invention will be apparent to, aPEIeN2484readily
made by, those skilled in the art w thout departing fromthe scope and
spirit of the invention described ab®e. Accordingly, it is not intended
that the scope of the «clains appended hereto be limted to the exact
description set forth above, but rather that the clains be construed as

encorrpassmngmd:thl workingoils dindnstsiabsil ingludes weB deilling Buids, agnicskumabsi de i n t he
present iny ion, i I n | 1..the features and enbodi nents which woul d
be treat eP'8s "é’(ﬁ&@??ﬁ%ﬁ?@sﬁﬂgmy those skilled in the art to which the
i nvention pertains. WO 01/17678 PCT/ US00/ 24394 -30- - 1100100 0L THRLT

11111 11111 11 1111 CLAIMs: 1. A process for the desul furization, and
reactivation of a Bus ﬁnderstdedithat varia qﬂmr&mbgdlm@nsamd modificationsinal t

conposited, with.a t Ni C _Su C con ting said

sul fur dedh PRRSHER] %c%‘ﬁéq“fe“f’f’ e@BP?IP?tQP erﬁ%@ &egﬁ *eam

conpri si Ngn&RalsgAEagh ﬂ%(%ﬁ%m%ht&%gaﬁbﬁn%éé&bbﬁh@ irit Of thexi di ze the

sul fur conponent of the catal yst contacting, and washing the sul fur

oxi di zed dnventipatdesdritedabbve; uAdcordmgi)Lml&not mt;ndedrﬂxaétherssomoﬂbe or oxi des
of the suI yr, and C the ata ing agent to
reduce thé& W&Ppen‘i‘?a%ﬁﬁﬁépgﬁ ng;t e\{\”f?fp’%ﬂvgd‘gct conponent

of the calgh¥sthabihe clAms B %onstrued as encompassing all of the features of -
patentable novelty which reside in the present invention, including all the
features and embodiments which would be treated as equivalents thereof by
those skilled in the art to which the invention pertains.



the activity of the catalyst, without significant |oss of cobalt fromthe
catalyst. 2. The process of claim1l wherein the catalyst is conprised of
from about 2 % to about 70 wt % cobalt, and at |east about 30 wt %
titania. 3. WR8VHSBcess of claim2 wherein the catal yst i sPEDHE24¥4 of
from about 10 wt % to about 30 wt % cobalt, and at |east about 70 wt %
titania. 4. The process of claim1l wher¥®—n the catalyst is pronoted wth
rhenium cerium hafniumor uranium and the pro i p a

wei ght ratio of pronoter:cobalt ranging from abgﬂa“HIHm’“m&lmmmrl 1. CL
M S WO 01/ 1B 2MET/ US00/ 24394 -31 5. The process* oft cltai M 1swherein the
gaseous stream of nol ecul ar oxygen is contacted with the catal yst at
tenperature rangi ng fromabout 150C to about 600C. 6. The process of claim
5 wherein the tenpergt W groRssifBeiH@RENANTIzabibh oA @hctivation Wf alsulfiy gen r anges
from about 300C to about™ 500C. 7. The process of claim11 wherein, in the
washi ng st edeadtivatedtoatabyst sbnstituted of hebdlt cpmpbsitad ydth 4 titaniayPROItOC t o about
100C. 8. The process.of claim7 wherein the tenperature enployed in the
washi ng st ef'HSHGIEPHES M about 20C to about 80C. 9. The process of claim7
wherein the washing step is conducted by contact of the sulfur oxidized
catalyst with water. 10. The process of claim1l wherein in the reduction

step the catalyst ia comactingshidsulfuridedetinated cohalttitanid catglyst waltai ni ng
gas, at tenperature ra&lﬁiang frocwa out 25001_to abqut 550C to reduce the
metal , or €QPS Stream GQMPHSIHE MGIecyian axygep At r‘?gfpﬂ%m, CEHMOREIP and restore
the activit yxffize thd Gultd Rinifdnent of the catalyst,

b) contacting, and washing the sulfur oxidized catalyst with a liquid

sufficient to remove the oxide, or oxides of the sulfur, and then

c) contacting the catalyst with a reducing agent to reduce the metal,
or metals, or oxide of the metal, or metals, component of the catalyst and restore

the activity of the catalyst, without significant loss of cobalt from the catalyst.

2. The process of claim 1 wherein the catalyst is comprised of from
about 2 wt% to about 70 wt% cobalt, and at least about 30 wt% titania.

3. The process of claim 2 wherein the catalyst is comprised of from
about 10 wt% to about 30 wt% cobalt, and at least about 70 wt% titania.

4. The process of claim 1 wherein the catalyst is promoted with
rhenium, cerium, hafnium or uranium, and the promoter is present in a weight

ratio of promoter:cobalt ranging from about 0.1:1 to about 1:1.



11. A catalyst conprisi articulate solids support, and a
netal, or oxide of a meaill ai‘ wgmﬂat alytically active for conducti ng.
car bon nonoxi de hydroge A s reactivated in a process, the steps

of which MP8VEEHWr act eri zed by any of clains 1 through RET/US00/24394
111111211121111111111111211111111 WO 01/17678 C L M S PCT/ USOOn4394 -32- 12. .
A process useful for conducting carb@} -nonoxi de hydrogena tion reactions by
contact at reaction conditions with a catalyst conprising a powder, or
particul ate solids support, and a netal, or oxide of a netal, or netals,
catal ytical l'y act i5e Thepracessofotlaingl whepain thergassousstrngmmal geolegulan r eact i ons

reactivated by the catal yst, preparation steps charagterized ny of
clains | om%ugﬁon@ﬁegﬁ%EFﬁégamﬁﬁ@%MBhﬁﬁ@ produced
from car b9n n?ggéiéie and hydrogen by contact at reaction conditions with a
cat al yst oc%l?%'l 'ng a powder, or particulate solids support, and an oxide,

or oxides, of a netal, or netals, catalytically active for conducting

car bon nonoxi de [gdrogenati on reactions reactivated by the steps
conprising-a procdssThe prasassrafelaim 3 wherpjn fieytemperatuge gk the gaseaWsgh 10, and

all or a portiop of the Cb+ hydraqcarhons 3 Ld process are
upgr aded ?EE%PEH\F‘E?%‘E%IO@' &ﬁ% sgﬁowgpptééﬁq éﬁéss%‘ﬂ%gﬁca#or a conversion
operation. 14. A product conprising a hydrocarbon obtai ned by converting a

m xture of hydrogen and carbon nonoxide via a carbon nonoxi de hydrogena-
tion reaction by donTheprocass ofsdaim bwhereiniiin thewashing step, thert al yst

conprising a owde r particuyl ate salj S r and a netal, or
net al s, c%ﬂyﬁt}’%‘f’f{"pe gﬁ?ﬁ\f@“geisgﬁm’éﬁh‘&'ﬁgoﬁﬁ agglﬁgwba?bon nonoxi de
hydr ogenati on reactions, reactivated by the steps of a process

characterized by any of clains 1 through 10. i
8. The process of claim 7 wherein the temperature employed in the

washing step ranges from about 20°C to about 80°C.

9. The process of claim 7 wherein the washing step is conducted by
contact of the sulfur oxidized catalyst with water.

10. The process of claim 1 wherein in the reduction step the
catalyst is contacted with hydrogen, or a hydrogen-containing gas, at
temperature ranging from about 250°C to about 550°C to reduce the metal, or
metals, or oxide of the metal, or metals, component and restore the activity of

the catalyst.

11. A catalyst comprising a powder, or particulate solids support,
and a metal, or oxide of a metal, or metals, catalytically active for conducting
carbon monoxide hydrogenation reactions reactivated in a process, the steps of

which are characterized by any of claims 1 through 10.



15. A C5+ hydrocar bon mned by converting a mxture of hydrogen
and carbon nonoxi de via I‘t“m hydr ogenation reaction by
contact, at reaction CO ﬂ“ﬂlmﬁ“m atal yst conprising a powder, or
parti cul at eWOIMILTI8 support, cand . % netdl, or netals, catalRETUSENI4PMctive
for conducting said carbon nDnOX|de h drogenation reactions, reactivated
by the steps of a process characteri% by any of clainms 1 through 10.
WO01/17679 1 111111 11 ii 1111 11 i PGITUSOO 24394 S -33- 16. A

hydr ocarbon distillate product suitable for use as:a transportation fuel
whi ch is.produced b}2. upgpmdéssglsaﬁihioirmdndmgmbmmnmnoﬁlde&b'dmeny
converting a m xture_of dr ogen and c nox %e Vi a a. carbon nonoxide

hydr ogenat {tigh Teacsions b CBE) bﬁtra%qnonépn ’é’&@f CHAYILORPISE 4 catal yst

conpri si ng Stal®r r

met al s, Pgwwrﬁcﬁ%%ﬁ ﬁléon uctﬁgéggb? %k%:daer(%gﬂn rmnox%eéalg

hydr ogenat icefatytically ativesfor rceﬁdlidungtcarbdnynoﬂmude hyrh'ogénaaopn‘m
characterized by any of clainms 1 throug hl} | obe be oil

bl endi ng c&eastiNated, b}’d}le Fatplystprepyatian stepe K arﬁﬁP’é’FP o?fﬂ%‘ﬁ“sot upgr adi ng
a hydrocargg‘% gﬁ uct obt ai ned by converting a mxture of hydrogen and
car bon non 4&"Vi'a a carbon nonoxi de hydrogena- tion reaction by cont act,
at reaction conditions, with a catalyst conprising a powder,

particul ate solids support, and a netal, or netals, cata caII active
for conducting sai dl:adnBrecesTeered GsrdixgesH ‘P‘?‘Gr"ﬁ“‘f’%‘é’?ﬂ’ﬁ%é"n’r‘?& ?% vat ed by

the st oS yofcidl AEON SISt Sfob¥i G VorRhids MR q balalyspuoh 10. 18 A

C5+ hydrocar bon 0| use In e pro uctlon of a
drilling m¢8mptisingra pt&#d@;oﬂmlumlatalsobdsadmpnm amd an oxideginoxides, ofizni cal raw

material, mnongmepa?s catalytlc H}J'agm%” concftP%%lg%lar n%glgo%ée produced by
hydrogenation reactions reactivated by the steps comprising a process as
characterized by any of claims 1 through 10, and all or a portion of the Cs+
hydrocarbons produced by said process are upgraded to more valuable products

by fractionation and/or a conversion operation.

14. A product comprising a hydrocarbon obtained by converting a
mixture of hydrogen and carbon monoxide via a carbon monoxide hydrogena-
tion reaction by contact, at reaction conditions, with a catalyst comprising a
powder, or particulate solids support, and a metal, or metals, catalytically active
for conducting said carbon monoxide hydrogenation reactions, reactivated by the

steps of a process characterized by any of claims 1 through 10.

15. A Cs+ hydrocarbon product obtained by converting a mixture
of hydrogen and carbon monoxide via a carbon monoxide hydrogenation
reaction by contact, at reaction conditions, with a catalyst comprising a powder,
or particulate solids support, and a metal, or metals, catalytically active for
conducting said carbon monoxide hydrogenation reactions, reactivated by the

steps of a process characterized by any of claims 1 through 10.



by converting a m xture of -

upgradi ng a hydrocar

Bydrogen and car bon nﬁ m , carbon nonoxi de hydrogenation reaction.
y contact, at reacti "' th a catal yst conprising a powder,
or parti cVQOHITEH) i ds “MB E"@M’mt al, or netals, WW&@ Ml |y

active for conducting said carbon nonoxi de hydrogenatlon reactions,
reactivated by the steps of a proces$3-characterized by any of clains 1
t hrough 10.

16. A hydrocarbon distillate product suitable for use as a
transportation fuel which is produced by upgrading a hydrocarbon product
obtained by converting a mixture of hydrogen and carbon monoxide via a carbon
monoxide hydrogenation reaction by contact, at reaction conditions, with a
catalyst comprising a powder, or particulate solids support, and a metal, or
metals, catalytically active for conducting said carbon monoxide hydrogenation

reactions, reactivated by the steps of a process characterized by any of claims 1

through 10.

17. A lube oil, lube oil blending component, or lube oil base stock
which is produced by upgrading a hydrocarbon product obtained by converting a
mixture of hydrogen and carbon monoxide via a carbon monoxide hydrogena-
tion reaction by contact, at reaction conditions, with a catalyst comprising a
powder, or particulate solids support, and a metal, or metals, catalytically active
for conducting said carbon monoxide hydrogenation reactions, reactivated by the

steps of a process characterized by any of claims 1 through 10.

18. A Cs+ hydrocarbon oil suitable as, or for use in the production
of a drilling mud, technical or medicinal grade white oil, solvent, chemical raw
material, monomer, polymer, emulsion, or specialty product produced by
upgrading a hydrocarbon product obtained by converting a mixture of hydrogen
and carbon monoxide via a carbon monoxide hydrogenation reaction by contact,
at reaction conditions, with a catalyst comprising a powder, or particulate solids
support, and a metal, or metals, catalytically active for conducting said carbon
monoxide hydrogenation reactions, reactivated by the steps of a process

characterized by any of claims 1 through 10.



