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t he hydrocarbon synthesis reaction. Moge particularly, this invention
relates to i ndependently controlling the tenperature at which inpurities
are renoved fromthe raw wax in an external treatment zone. BACKGROUND OF
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Fi scher-Tropsch process, synthesis gas (CO + H2) nmade, e.g. from natural
gas, is converted over a catalyst, e.g. a ruthenium iron, or cobalt

catal yst, &ppf pyOFAHEINVENGION! products including gaseous and |iquid
hydr ocar bons and oxygenates and a normally solid high paraffin hydrocarbon
wax. Typically, Fischer-Tropsch waxes are upgraded tﬁéspat alytically
converting themta.l ower | Ld ivtivdrdoacbomcsynbesss fraeessmy  wit hin
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hydr ocr acki'n ver, as new markets.conti Rhiofdemaad for high
qual i ty waxgempiiing therewswax Prﬂﬁlélcﬂlﬁféléayg‘??&a‘g’:ég\ﬁ}'ﬁtggéges tor hi gh %gal ity
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etc. which impurities are removed from the raw wax in an external treatm .

BACKGROUND OF THE INVENTION

[0002] Hydrocarbon synthesis (HCS) methods utilizing Fischer-Tropsch
processes are well known and described in the art. Ina Fischer-Tropsch process,
synthesis gas (CO + H,) made, e.g. from natural gas, is converted over a catalyst,
e.g. a ruthenjum, iron, or cobalt catalyst, to form a wide range of products |
including gaseous and liquid hydrocarbons and oxygenates and a normally solid
high paraffin hydrocarbon wax. Typically, Fischer-Tropsch waxes aré up grac?ed
by catalytically converting them to lower boiling paraffinic hydrocarbons f‘allufg
within the gasoline and middle distillate boiling ranges. This treatment primarily
involves hydrogenation, e.g. hydrotreating, hydroisomerization and |
hydrocracking. However, as new markets continue to expand, d'emand f.or high
quality waxes has increased. The varied and growing uses for high qualfty
Fischer Tropsch waxes include, €.8., food containers, waxed paper, coating
materials, electrical insulators, candles, crayons, mgrkers, cosmetics, etc.
Stringent purity requirements are set by regulatory authorities, such asj the FDA
in the United States and the SCF in the European Union, particularly if the wax

is to be used in food and drug applications.
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.Stringent purity requirenents are set by regulatory authoriti

the FDA in the United States and the S>C/3F ig t he Eﬁropean Uni g?]: such as
particularly if the wax is to be used in food and drug applications. WO
03/ _006577 Rgz{;/(,y&;g_g¢718836 -2 [00031 Fi scher-Tropsch waxes Wayesoiasse
desirabl e properties. They have high pargffin contents and are essentially
free of the sulfur, nitrogen and aromatic inpurities found in petrol eum
waxes. However, untreated raw Fischer -Tropsch waxes nmay contain a small

but significan uang,j t ol efins and t . Q. | '
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is part of a drbfatie dmpuriiiefcand i petrblpumnones s Hosvevies cintreated raw Hischenx es

typical ly undergo hydroprocessing in order, to. achieve, high urity. These
purification -&e@m@he@axo;psmayacpqnpala@@ma?li byt sigpuficant HB%[EF}SP?Q%@FQPQy fromthe

react or where the dyocarbon, s J ' | Ci
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synthesi s pr %@ﬁ%%apb?\p‘r&ﬁﬁ:ts‘ & th& BITS peakiibn.c@bhsequenthy elsereds & aedabto carri ed

out in situ at the reactor site as disclosed in co-pending Unjted States
patent appl i datthentrextchwtFigheod ropschavaxfoacmave these ﬁ@?@\ﬁﬁiqg%mi?d

i B o G R [ o 0 R g

reactions, i ﬁ%@h%ﬁaﬁﬁ?’g&?ﬁ? ngé}:ggg‘y Gﬁn%;b&g%xgg ﬁﬁgr&éiﬁ%l@?ﬁeﬁ mg?her

tenperatures -pm.dfhﬁsagiuyiﬁchﬁomnmhﬂlrb@tya'rcaﬁmmmreinianother reactor separate
from the reactor where the hydrocarbon synthesis has occurred. A more
efficient and direct method of producing purified Fischer-Tropsch wax from a
hydrocarbon synthesis process provides for such purification processes to be
carried out in situ at the reactor site as disclosed in co-pending United States
patent application Docket 34906 filed on even date herewith and incorporated
herein by reference. However, while the temperature in the main body of a
typical Fischer Tropsch reactor is ideal for the hydrocarbon synthesis reaction
which occurs there, various other reactions, including wax purification, may
occur optimally at other temperatures. Accordingly, it would be an advance if
temperature could be independently regulated for selected reactions carried out

in situ simultaneously with the hydrocarbon synthesis reaction.

[0004] A preferred mode for operating the Fischer-Tropsch process isa
slurry-type process which may be carried out, e.g. in moving bed systems or
slurry reactors. The slurry comprises slurry liquid and finally divided catalyst,
wherein the catalyst particles are suspended in a liquid hydrocarbon and the
CO/hydrogen mixture is forced through the catalyst/hydrocarbon slurry allowing
good contact between the CO/hydrogen and the catalyst to initiate and maintain

the hydrocarbon synthesis process.



.tenperature could be independently regulated for selected reactions carried
out in situ sinultaneously with the hydrocarbon synthesis reaction. [0004]
A preferred node for operating the Fischer-Tropsch process is a
slurry-typeypo9sess; Whi ch may be carried out, e.g. in novirgy/useei18896Gt ens or
slurry reactors. The slurry conprises slufry liquid and finally divided
catal yst, wherein the catalyst particles are suspended in a liquid

hydr ocarbon and the CO hydrogen m xture is forced through the
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Reactors in which such three phase slurry-type hydrocarbon synthesis
processes ar el@§HPR éB0%uUt are sometines referred to as "bubble col ums",
as is disclosed in U S. Pat. No. 5,348,982. Bubble colum reactors
typically have a multiplicity of tubes suspended within a shell type
housi ng, "the [00063 beSlmgy tédctorslare well kndwen forraapmyisigout bighly exotdegnicuat er

whi ch absorbs L he e e g 1R YR eab GRCH IicR 86 B0 O
phase slurry-type hydrocarbon synthesis processes are carried out are sometimes
referred to as "bubble columns", as is disclosed in U.S. Pat. No. 5,348,982.
Bubble column reactors typically have a multiplicity of tubes suspended within a
shell type housing, the tubes being filled with a heat transfer medium, e.g. water,
which absorbs the heat generated by the exothermic reaction occurring on the
shell side of the of the tubes in the main body of the housing. In such a three-
phase hydrocarbon synthesis (HCS) process, a synthesis gas comprising a
mixture of H, and CO (syngas) is bubbled up as a third phase through a slurry in
the reactor in which the slurry comprises liquid hydrocarbons and dispersed
solid particles comprising a suitable Fischer-Tropsch type hydrocarbon synthesis
catalyst. The catalyst particles are typically kept dispersed and suspended in the
liquid by the lifting action of the syngas bubbling up through the slurry and by
hydraulic means. Typically, the slurry liquid is the product of the reaction,
usually Cs-C)gp hydrocarbons. Preferably, the slurry liquid comprises primarily

high boiling paraffins (Fischer-Tropsch waxes).



.Shell side of the of the tubes in the main body of the housing. In such a
t hree- phase hydrocarbon synthesis (HCS) process, a synthesis gas
conprising a mxture of H2 and CO (syngas) is bubbled up as a third phase
through a s{¢'pdbeé’ the reactor in which the slurry conprecrssokiigsssd

hydr ocar bons and di spersed solid particlges conprising a suitable

Fi scher-Tropsch type hydrocarbon synthesis catalyst. The catal yst
particles are typically kept dispersed and suspended in the liquid by the

lifting acti ' p through the slurry and by
hydraul i c WMBXWW@W| iquid is the product of the
reaction, wusually Cs-Cl00 hydrocarbons. Preferably, the slurry liquid

conprises primarily high boiling paraffins ﬂ(Fi scher-Tropsch waxes). WO
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at said reaction conditions. In the inventive process, the synthesis slurry exits the

reactor and is passed into a treatment zone external of the main slurry body. A
treatment gas is passed into the treatment zone and contacts the synthesis slurry
to at least partially removes impurities therefrom, thus forming a treated slurry.
The treatment gas may also optionally act as a lift gas in the treatment zone. The
reaction conditions in the treatment zone include a second reaction temperature
which is controlled independently from the first reaction temperature in the
hydrocarbon synthesis zone. The treated slurry is contacted with wax
withdrawal means wherein at least a portion of the purified liquid hydrocarbon
wax is separated from the treated slurry. The treated slurry may then be passed
back into the synthesis zone from which it was drawn. Ina preferred
embodiment, off gas producéd in the treatment zone is removed from the
purified slurry by passing it through gas disengaging and removal means prior to

withdrawal of purified wax product.



.The treatnment gas nmay al so optionally act as a |lift gas in the treatnent
zone. The reaction conditions in the treatnent zone include a second
reaction tenperature which is controlled independently fromthe first

reacti onyesREaayure in the hydrocarbon synthesis zone PCHNYY1B8%; eg s urry
Is contacted wwth wax w thdrawal nean$§-wherein at |east a portion of the

purified I'iquid hydrocarbon wax is separated fromthe treated slurry. The
treated slurry may then be passed back into the synthesis zone from which
it was drawn. In a preferred enbodinent, off gas produced in the treatnent

zone is re%bg&%?qjoﬂ%pﬁiwmw passing it through gas

di sengagi n neans prior to wthdrawal of purified wax product.
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conpri si ng zone ‘useful for pract*’.@qn t he process of the

i nvention. RERALMEINSESERI B (EhLtOMgrthE ProfeEig ‘8 *The invention
relates to a process for purifying raw liquid wax product in situin a
slurry type hydrocarbon synthesis (HCS) process in a treatnent zone
external of the synthesis reaction zone wherein the reaction tenperature in

the treat :Eggéﬁﬁgggﬁzsgi{gp NEOF THEDWENTION from t he tenmperature in the

hydr ocar bo The treatnment zone is external to the synthesis

zone and may be, e.g. a hollow lift pipe or | toads dueui d
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external of the synthesis reaction zone wherein the reaction temperature in the
treatment zone is controlled independently from the temperature in the
hydrocarbon synthesis zone. The treatment zone is external to the synt1'1e51's zone
and may be, e.g. a hollow lift pipe or conduit in internal fluid communication
with the synthesis slurry in the synthesis zone of a Fischer-Tropsch reactor. An
external treatment zone enables independent control of the treatment zone |
temperature. Treatment gas is injected into the treatment zone in wfnch 1t' r.mxes
with synthesis slurry from the reactor and at least partially removes impurities
such as olefins, primary and secondary alcohols, acids, esters, or mixtures thereof
which contaminate the wax. The treatment gas may also optionally serve as a lift
gas. Preferred embodiments include an external lift pipe and achieve slurry
circulation between the synthesis zone, external treatment zone, offgas
disengaging and separating means and back into the synthesis zone as a result of
the lifting action of the rejuvenating gas in the lift pipe and by gravity. Ina

preferred embodiment described below, no slurry pumps are used or required.

[0010]  One particular embodiment of the invention is illustrated in schematic
cross section in FIG. 1. Slurry type HCS reactor 10, comprises a cylindrical steel

vessel 12 containing synthesis slurry 18 in hydrocarbon synthesis (HCS) zone




.tenperature. Treatnment gas is injected into the treatnment zone in which it
mxes wWwWth synthesis slurry fromthe reactor and at |east partially
renoves inpurities such as olefins, primary and secondary al cohols, acids,
esters, or wih¥dees thereof which contam nate the wax. TRETAUS@ABSBNt gas
may al so optionally serve as a lift gasg-Preferred enbodi nents include an
external lift pipe and achieve slurry «circulation between the synthesis
zone, external treatnment zone, offgas disengaging and separating neans and
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One partlcular enb ment of the invention is illustrated in_schenmatic
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the surface %fas Wisfbwtfon means located across the surface of tray 22.

[0011] Hydrocarbon liquid product withdrawal means 19, such as a filter, is
located within synthesis zone 52 for withdrawing liquid hydrocarbon products
i.e. raw Fischer-Tropsch wax from the reactor, via line 21. A gas disengaging
downcomer 24 includes a substantially vertical, hollow conduit 28 which opens
at its top into a vertically extending and upwardly opening gas disengaging cup
26, for disengaging gas bubbles from the slurry in the synthesis reaction zone.
Conduit 28 is provided with conduit valve 27. Conduit 28 exits the reactor
where it is provided with heat exchanger 62 and then bends laterally over
transverse portion 30 which turns upward into hollow lift pipe 34, the interior 38

of which is the treatment zone.

[0012]  Thus, synthesis slurry 18 exits the reactor via conduit 28 and passes
through heat exchanger 62 which, in this embodiment, is designed to cool the
slurry below the reactor temperature before traveling over transverse portion 30
and up into the interior, treatment zone 38, of lift pipe 34. In this embodiment,

lift pipe 34 and transverse portion 30 are wrapped in cable heaters 64. The



.[0011] Hydrocarbon liquid product w thdrawal neans 19, such as a filter, is
| ocated within synthesis zone 52 for withdrawi ng |iquid hydrocarbon
products i.e. raw Fischer-Tropsch wax fromthe reactor, via line 21. A gas
di sengagi ng,o gippeeemer 24 includes a substantially verti cptypu§Rhbgdy conduit
28 which opens at its top into a vertip,?l_l y extendi ng and upwardly opening
gas di sengaging cup 26, for disengagi ng gas bubbles fromthe slurry in the
synthesis reaction zone. Conduit 28 is provided with conduit valve 27.
Conduit 28 exits the reactor where it is provided w th heat,K exchanger 62
and then bendsmbinationlof yheohesters 64 and therheat b’éF?@F&?{ 63argeesigned ions upwar d
into hollow |ift pipe 34. the. Wols f | ' at nent zone,
[ 0012] Thus, L&eswgtﬁreﬁ ?Xpﬂl"gsgsgﬁr?%a?ﬁ’g dr}ebé’lé&tué?{%ﬁ@“{c"gﬁ wht8 28 and
passes thr Oﬂgﬁg&i‘ﬁ?e.%ﬂ?é&ﬁéorﬁ%nmﬂtmtmém gabiispasstd)iiarting 36, intalihei gned to
cool the slurry belowthe reactor tenperature before traveling over
transverse paterion3®of liftpipadd nearthe qmuthﬂWerl,nWh’@htlh‘ié?ﬁaci%’d%"gﬁ,‘esof lift
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heat/cool thE"E esrs ry above or below the synthesis zone
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the interior 38 of |ift pipe 34 near the bottomfhereof. in i it
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| east partial treated slurry and a reaction

off -gas. The L&cﬁﬂ PR 1ige21 (i, @atrested Fisoh¢rHEropsapwaximay baecaysingrviges
hydr ogen V\:hig may contain other gases such as n@rgﬁgn” ngfHZO, CH4,
C2- C4 hydr oc linb32suclpphat itrentery thenipterior HeaRFns ¢aRG 23 PEIIIL pipe 54 101

treatment.

[0013] In this embodiment, the treatment gas also acts as a lift gas to lift
treated slurry up, over and out of the upper opening 40 and into gas disengaging
and separating means 42 comprising outboard vessel 44. In gas disengaging
means 42, off-gas produced during the wax treatment reaction is separated from
the treated slurry 49 and removed via gas line 48. Optionally, all or a portion of
the off -gas may be recycled back into the treatment zone via line 54 after it has
been treated to remove oxygenates and other impurities such as nitrogen so as

not to re-contaminate the treated wax.

[0014] In this embodiment, treated slurry 49 from which the offgas has been
removed, falls down into the bottom portion of the outboard vessel 44 and from
there it flows through a hollow return conduit S0 and back into the synthesis
zone 52 within reactor 10 in which it mixes with the synthesis slurry 18. Wax
withdrawal means 66 comprise return conduit 50 with semipermeable wall 70
surrounded by a larger diameter tubular member 68 forming an annular space 72

therebetween. Return conduit 50 may also be provided with heat exchanger 73.



product fromline 21 (i.e. untreated Fi scher-Tropsch wax) may be recycl ed
via |ine 32 such that it enters the interior treatnment zone 38 of lift
pipe 34 for treatnent. [0013] In this enbodinment, the treatnent gas al so

acts as a |pfbofds to lift treated slurry up, over and omttTmbozissssupper
openi ng 40 ano( I nto gas disengaging andgseparating nmeans 42 conprising
out board vessel 44. In gas disengaging neans 42, off-gas produced during
the wax treatnment reaction is separated from the treated slurry 49 and

renoved via gas |ine 48. tionally, l, or rii.on,of -gas ne
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slurry 49 frogmuhilehryfesink itwaghds intarior of¢heoslady retum sortbuihSP.nThe t he

bottom portion of thé outboard vessel 44 and. from ¢there ij.lsf.l OV\@hthrough a
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means 66 conphodt sem per neabl e wa sur r ounded

by a larger g itd hiebaysarE Bl forG8phatetnaintemnac and eapairp2ptiazlly,
~ther ebet men&téglﬁhﬁﬁlt%mui tsa%@%y al Is)o b'eﬁgrovi ded vm%l_g heat exchanger
73. VD 03/ 00g&7diserfzaREmtniSnRANsBapoeinrpudad duthe WaK WIRSTaVR JRE ur i f i ed

wax filtrate but nof catalyst pagticl.e ' R@fe 72 thus
Wi t hdr awi ng imhiqsweféltm)@? v, ‘f‘Y‘hhqsrﬂgfg“g @?Efiﬁde‘ﬁa’gﬁﬁ’??*y*%%%?. ng t hr ough
the interior of the slurry return conduit 50. The purified wax filtrate

may be collected in situ fromannul ar space 72 via wax product Iin% 84.
shut - of f val @183 allh evspresenttinventioniprodess;ithe dagreg of Wik RUsEICation can be

adjusted by independently controlling the temperature in the treatment zone
irrespective of the temperature of the adjacent hydrocarbon synthesis zone. In
many instances, this involves conducting the wax treatment at temperatures
higher than those in the adjacent reactor. As disclosed in U.S. Pat. No.
5,288,673, temperature control in the lift tube may be achieved by one or more
of either increasing or decreasing the slurry residence time in the purification
zone, so as to utilize the exothermic nature of the rejuvenation reactions, by
insulating the rejuvenation tubes, by introducing heat or a cooling medium into
the zone, by preheating the rejuvenating gas, etc. The '673 patent teaches that the
temperature in the rejuvenation zone should be high enough to remove any
entrained and dissolved CO and low enough to minimize methane formation and

wax hydrogenolysis. These teachings apply to the present invention also.

[0016] To achieve optimal wax purification, the treatment temperature in the
treatment zone is controlled so as to range from about 193-232° C preferably
about 2100 C to 232° C. The lower temperatures are effective in those instances
in which the wax contains a minimum of impurities and catalyst deactivating
species such as when the temperature in the synthesis reaction zone is relatively

low. Higher temperatures are needed in those instances when the wax contains



.external units if necessary, e.g. for separate mai ntenance and repair.
Optionally, gas disengagenent neans 42 nmay be provided with a wax

wi t hdrawal neans, such as a filter (not shown), for wi thdraw ng purified
wax fromtr, 35§6{)6§J7urry [0015] In the present invention HAMEH18s36€
degree of wax purification can be adjustged by independently controlling
the tenperature in the treatnent zone irrespective of the tenperature of

t he adj acent hydrocarbon synthesis zone. nany i nstances, this involves
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medi um i nto mlthﬂ@m@atlﬂﬁﬁlmIﬁ%@qn‘i@ft@%@lthélj‘%%frf’ c5h8as Watserypglo 573
patent teaches that the. Fn&e&)g%e in the rejuvenati on zone shoul d be

hi gh enough tfsm%m}eu%ﬁf e d and di ssol ved CO and | ow enough to

m nimze nethane formati on and wax hydrogenol ysis. These teachi ngs apply
to the present invention also. [0016] To achieve optinmal wax puyrification,
the treat ment00 EHperHydrosaibontspinthesis pracesses whiefebenefit byithe pseof ¥ as to
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advantage of ,hie Present Fa¥§)178° o RST.! For Fischer-Tropsch processes,
hydrogen to carbon monoxide ratios in the feed gas may range from about 0.5 to
4.0, preferably 1.0 to 2.75, more preferably about 1.5 to 2.5. Synthesis gas feed
is injected at superficial gas velocities ranging from about 1 to 30 cm/sec
through gas injection means such as bubble caps, spargers or multi cone arrays
into the main slurry reaction zone in which are located hydrocarbon synthesis
product (i.e. liquid wax) and catalyst. In a slurry type operation, the slurry
usually comprises about 10 wt % to 50 wt % catalyst solids, preferably 30 wt %
to 40 wt % suspended catalysts solids. The slurry liquids in which the catalyst is
dispersed are the products of the reaction which are liquid at reaction conditions.
Preferably the slurry liquid comprises primarily high boiling paraffins with small
amounts of primary and secondary alcohols, acids, esters, or mixtures thereof.

Preferred slurry materials are Fischer-Tropsch waxes and hydrocarbons larger

than Cyp,

[0018]  The hydrocarbon synthesis reaction is highly exothermic and the heat
of reaction is removed by a heat transfer material which is either circulating on

the shell side of a shell and tube reactor when the reaction takes place in the



.the sinmultaneous renoval of catal yst deactivating speci es when catal yst
particles in the circulating slurry are contacted wth the sanme treatnent
gas that serves to renove inpurities fromthe wax. [0017] Hydrocarbon
synthesi s pyeBRERS; Which benefit by the use of the presaitirigdydasd on are
carried out under slurry conditions, at_ghevated tenperatures and
pressures. Pressures typically range from 1-100 at nospheres, preferably
10-50 at nospheres, nore preferably 15-40 atnospheres. Tenperatures nay
range from about 175 C tq 45 C, prefergbly 175, C. 1 O re
preferably 1¢9b@qrdhmh@e F@FS wi’nglgﬂbq,r_e H’ﬁ‘gﬁlﬁesﬁl%@e%@gﬁﬁé%@?o to

car bon nonoxi [ ' i . 4.0,
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feed is injaghabenér motiuridesgons aghase/elaoge.t Preferablyghe bedtrtramsfein fluid is t o 30
cm sec through gas injection neans such as bubble caps, spargers or nulti
cone arrays W#€b the main slurry reaction zone in which are |ocated

hydr ocarbon synthesis product (i.e. liquid wax) and catalyst. In a slurry
type operation, the slurry wusually conprises about 10 vt %to 50 wt %
catal yst sol i[d@l%prefmé JtabysBémployed irt the 2§ dwicarbonisynthesie procesaisystys sol i ds.
The slurry liquids in which the catalyst is dispersed are the products of
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hydr ocarbons larger than C10. [0018] The hydrocarbon synthesis reaction is
e
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Periodic chart of the elements. Preferred supports include silica, alumina, silica-

alumina, the Group IVB oxides, most preferably titania (primarily in the rutile
form), and generally supports having a surface area of less than about 100 m?

/gm, preferably 70 m? /gm and less.

[0020]  The catalytic metal is present in catalytically active amounts, usually
about 1-100 wt %, the upper limit being attained in the case of iron catalyst,
preferably 2-40 wt%, more preferably about 2-25 wt %. Promoters may be
added to the catalyst and are well known in the Fischer-Tropsch catalyst art.
Promoters can include ruthenium (when it is not the primary catalytic metal),
rhenium, hafnium, cerium, and zirconium, and are usually present in amounts
less than the primary catalytic metal (except for ruthenium which may be present
in co-equal amounts), but the promoter:metal ratio should be at least about 1:10.
Preferred promoters are rhenium and hafnium. Useful catalysts are described in
U.S. Pat. Nos. 4,568,663; 4,663,305; 4,542,122.

[0021] Catalyst particle size is important and particle sizes may range from

that which is reasonably filterable to that which is reasonably able to be



+-10 tube, or through the tubes when the reaction takes place on the shel
side. The comon heat transfer material can be any material having a high
heat capacity, whether or not it undergoes a phase change. Preferably the
heat transf{gpsbdssisd is water. [0019] The catal yst enpl oyrdr/uso2tibgse

hydr ocar bon synthesis process is any c3 al yst known to be active in

Fi scher-Tropsch synthesis. For exanple, oup VIII netals, whether
supported or unsupported, are known Fischer-Tropsch catalysts. O these,
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catal yst, e ByYintpi YowitrPa Proth6fee ndrial phgy perzhéfic atidVExvessiot er s
may be add%@{e@e?%@/ lgﬁ)tra@]f\g?r{ar%d argfa wel | known i% ?he Fi §§ger-Tropsch

catal yst ar tljqui®isoreioved andihe cathlysteprecursendried aHONCito 123" Rot the prinmary
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are rheni umpokidé i teh réfiekd by trdathgmttwithpdrogen or Bydragengogtaligg.  Nos.
3;,36§ a?? |3cl ;gggggiﬁﬂ%)fﬁée%f%& ‘(’)Q,[fgg 221 %Lrigg to‘fllti s 1Ei%riltct|oesuﬁgt§ﬁti£l?y I mpor t ant
reduce the oxide to the elemental or catalytic form of the metal. Some prefer an
additional cycle of oxidation/reduction. Another,land sometimes preferred
method for catalyst preparation is disclosed in U.S. Pat. No. 4,621,072

incorporated herein by reference.

[0022] In Fischer-Tropsch processes carried out according the present
invention, the extent of the wax purification reaction occurring in the lift tube at
various temperatures can be determined by measuring the relative ester content
via infrared spectrometry. The oxygenate content of the wax (as exemplified by
the average ester content) reflects the extent of purification occurring in the lift
tube. The difference in temperature between the contgnts of the lift tube and the
contents of the reactor synthesis slurry can then be correlated to the extent of
purification occurring in the lift tube. The following non-limiting Examples

further illustrate the inventive process.



-that which is reasonably filterable to that which is reasonably able to be
WO 03/ 006577 PCT/ US02/ 18836 -11 dispersed in a slurry phase. Particles
sizes of 1-200 microns, preferably about 20 to 150 m crons neet these
requi r emeny§.osbqka Yst preparation may be acconplished crasoaussesy of

t echni ques. ,& typical catalyst preparatj§n may involve inpregnation, by

i nci pi ent wetness or other known techniques of, e.g., a cobalt nitrate
salt onto a titania, silica, or alum na support, optionally followed or
preceded by inpregnation with a pronoter material, e.g., perrhenic acid.
Excess qulE@mlﬂCSﬂermved and the catal yst precursor dried at 100C to 125
C. Following drying or as a continuation thereof, the catalyst is calcined
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determ ned by neasuring the relafi ester.conte via infrared

spect r onet r yvelagity o&;@gﬁav@ec@@ﬁttﬁ%&)@w?@%wai ﬁby&t%ﬁh fied by the
average ester content) reflects the extent of purification occurring in the
lift tube. The difference in tenperature between the contents of the lift

tube and t herppoayt ey Exaplek theslatrgrconguit walvesbesiveen thecgactonand fie

correlated to the extent of urification occurring in the |ift. . The
fol | owi ng noextétnal Hﬁngbmq:rpwE@ed, thus preventing synthesg slurry Bonh iear\/u{gut?x%

reactor.

[0025] In Examples 2a, 2b, 3a and 3b the slurry conduit valves were open,
allowing the synthesis slury to exit the reactor and circulate through the lift
tube. Hydrogen treatment gas was introduced into the interior of the lift tube at

about ninety standard liters per minute. The temperature in the lift tube was

controlled by heat exchangers and heaters.

[0026] The average ester content of Fischer-Tropsch wax samples withdrawn
directly from the reactor was analyzed via infrared spectrometry. The results are

shown in Table 1.



further illustrate the inventive process. WO 03/006577 PCT/US02/ 18836 -12
Exanpl es: [0023] A m xture of hydrogen and carbon nonoxi de synt hesis gas
(H2: CO = 2.1) was converted to paraffins in a slurry bubble colum reactor
equi pped Wb o3dfssexternal lift tube, the interior of whi Glpgdobnggs a
treatnment zone. The catalyst wutilized wag_ a titania supported cobalt
rhenium catal yst simlar to that described in U S. Patent No. 4,568, 663.
The hydrocarbon synthesis reaction in the Fischer Tropsch reactor was
conducted at 275 psia. The feed was inhrnﬁiUfed at a linear velocity of
16.7 cm sec and the CO conversion was fi¥%%" percent. [0024] In Exanple 1,

the slurry conduit valv ween ctor h extern i t ubes
were cl osed, thus prer(J@;laEFo%s)ynt Lgﬁrﬁgﬁzrrymgi ng t thé'Ja %;énqr.
[0025] In Exappimpiea, V20t g%s an Saéﬂ% lurry condyit val en,
al | owi ng the i sTemps (yC} o . r é&é@%meah'ﬁerepr cul(Umoles/graish ¢ he
lift tube. Hydrogen treatment gas was i ntrodeiousiSynthesishe int eWB¥) of the
lift tube at about ninety standard liters per remp.p. The tenperature in
the lift tube was controlled by heat exchangers and heaters. [0026] The
average ester content of Fischer-Tropsch wax sanples withdrawn _directly
fromthe read¥orl was analJHed via infrared spectrometry. The redwls are
shown in Table 1. WD 03/006577 PCTI US02/ 18836 -13 Table 1 ReactorlLift
TubeOTem C) Aver age

No. 2a 210 199 -11 1.75

No. 2b 210 210 0 .50
No. 3a 221 210 -11 1.10
No. 3b 221 232 +11 not detected

[0027]  As the results show, the average ester content decreased in all
examples where the slurry was allowed to circulate through the lift tube into
which treatment gas was introduced. Moreover, as temperature in the lift tube
increased relative to the temperature in the reactor, the average ester content
decreased. Thus, carrying out the wax treatment process at increasing
temperatures over reactor synthesis temperature increased the extent of wax
purification in these examples. The advantage of independently controlling the

temperature during wax purification in the external lift tube is evident from these

results.



(Synthesis)(Treatnent)Ester Content Examle C C (T noles/gram TTent Tem
( eatme p. enp.p.r n mnus Synthesiswax) Tenp.) No. 12103.50 No.
2a210199-111. 75 No. 2b2102100.50 No. 3a221210-111.10 No. 3b221232+11not

det ect ed [\W838Fdosd® the results show, the average ester coPEEHS28BPeased in
all exanples where the slurry was allowed to circulate through the lift
tube into which treatnent gas was introduced. Mreover, as tenperature in
the lift tube increased relative to the tenperature in the reactor, the

aver a0e oot QasEl Rinall9 o Wi 1ehpprdtifed B WHiRMhOpiactibeoPaie ihvemioment

finds particular use with removing impurities from the raw wax product of an
HCS reaction in situ in a hydrocarbon slurry liquid, it is not intended to be
limited to this particular embodiment. It is understood that various other
embodiments and modifications in the practice of the invention will be apparent
to, and can be readily made by, those skilled in the art without departing from
the scope of the invention described above. Accordingly, it is not intended that
the scope of the claims appended hereto be limited to the exact description set
forth above, but rather that the claims be construed 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.



‘tenperatures over reactor synthesis tenperature increased the extent of wax
purification in these exanples. The advantage of independently controlling
the tenperature during wax purification in the external lift tube is
evident frowpddvesss7 results. W 03/006577 PCTI USO2/ 18836 PCTASZ8S]
Finally, it will be appreciated that whijke the practice of the invention
finds particular use with renoving inpurities fromthe raw wax product of
an HCS reaction in situ in a hydrocarbon slurry liquid, it is not intended
to be lim fﬁg{é&g@t_hi s particular enbodinent. It is understood that various
ot her enbodt ‘and nodifications in the practice of the invention wll
be apparent to, and can be readily nmade by, those skilled in the art

wi t hout departing from the scope of the invention described above.
Accordingly, it ik Adluinhpdrdearbonsynthesie prasspeiosfornyaghydrosareghsended
hereto be limted to the exact description set forth above, but rather

t hat the cl a¢@PBENEonstrued as enconpassing all of the features of

pat ent abl e novelty which reside in the present invention, including all

the features and enbodi nents which would be treated as equival ents thereof
by those skilled i (a)tdoataeting acynthiesis gath eomprising adnixpisetodithand\iéd) yeith 06577

PCTI US02/ 18836 -15 CLAINS: 1. sl uryy.hydr.ocarbgn synthesj ess for
f ormi ng hydr@é@lidmﬁ‘éicu@ﬁﬁﬁifqr@?%go‘( %)}ntﬁélﬁ é@?‘#ﬁ‘d“&qyﬁﬁ%‘f‘&?@%ﬁg&%mri sing -
a mxture of H2 and QQ | bEathah BqliMdhacanBiRRisonEhesi s
catalyst in %{W&Qggﬁgbngngag%?ﬁlggﬂl ésrﬂi g%éﬂroy corrpﬁi sing said catalyst and a
hydr ocar bon | firéactionoftliiohs sihictzimelude a first reaction temperature effective to

form said hydrocarbon liquid from said synthesis gas, at least a portion of which

is liquid hydrocarbon wax;

(b) introducing a portion of said hydrocarbon synthesis slurry into a

treatment zone external to said synthesis zone;

(c) introducing a hydrogen-containing treatment gas into said
treatment zone wherein said treatment gas contacts said portion of said
hydrocarbon synthesis slurry under reaction conditions which include a second

reaction temperature to form a treated slurry comprising treated catalyst particles

and treated liquid wax; and,

(d) contacting said treated slurry with wax withdrawal means to

‘separate at least a portion of said treated liquid wax from said treated slurry

2. The process of claim 1 further including the step of passing said

treated slurry through gas removal means prior to step (d).

3. A process according to claim 1 wherein said catalyst comprises at least

one supported Group VIII metal.



‘under reaction conditions which include a first reaction tenperature
effective to formsaid hydrocarbon liquid fromsaid synthesis gas, at

| east a portion of which is liquid hydrocarbon wax; (b) introducing a
portion of s@®dsmogsirocar bon synthesis slurry into a treat renuseigss
external to said synthesis zone; (c) intygducing a hydrogen-contai ning
treatnent gas into said treatnment zone wherein said treatnent gas contacts
said portion of said hydrocarbon synthesis slurry under reaction

condi tions which i clude a sec t at ed
slurry conprising P@&e%aﬁcﬁ&@gqg ﬁ’acﬁ 1&1@?@@1@ n%ﬁ{lﬁez%lé%" rﬁr%g éﬂ and,
(d) contacting said treated slurry with wax w t hdrawal neans to separate
at least a portion of said treated |I(?UId wax fromsaid treated slurry 2.
The process of cl afmAlprooesstaeconding todilaig 4 wherinegrid Suppstmaterishisttitaniaeat ed
slurry through gas renoval nmeans prior to step (d). 3. A process according
to claiml1 wherein said catal yst conprises at |east one supported G oup
VITI metal. WO 03/Q0 SR Ty a&Seh ' 0
claim3 wherein saig)dSi‘nér%c?glé[chJ s%{é coB’afL?’?]egse.m %lg?gcesstggg%?%lhﬁgséso
claim4 wher eaﬁumardlaﬁllyp&ﬁﬁéalrzfahth al is titania. 6. A process according to
claiml wherein said treatnent zone conprises a substantially vertical
conduit. 7. A process according to claim6 wherein said treatnment gas acts

as a lift gas in ahgy]%epsﬁta%@&dygtt\sc@mda %kreﬁpgmhteam?em@apaass§ahﬁ

according to clai erern sai rea urry 1s re
gas in said substantially vertical conduit.

--

8. A process according to claim 1 wherein said treated slurry is re-

introduced into said synthesis zone.

9. A process according to claim 1 wherein said second reaction

temperature is equal to or greater than said first reaction temperature.

10. A process according to claim 1 wherein said second reaction

temperature ranges from about 199°C to about 232°C.

11. A process according to claim 10 wherein said second reaction

temperature ranges from about 210°C to about 232°C.
12. A hydrocarbon wax product formed by the process of claim 1.
13. A hydrocarbon wax product formed by the process of claim 3.
14. A hydrocarbon wax product formed by the process of claim S.

15. A hydrocarbon wax product formed by the process of claim 9.



sintroduced into said synthesis zone. 9. A process according to claim|]
wherein said second reaction tenperature is equal to or greater than said
first reaction tenperature. 10. A process according to claiml| wherein said
second reacWD@¥068ENper at ure ranges from about 199' C to ab®BOT/US@2B836 11. A
process according to claim1l0 wherein saild-second reaction tenperature
ranges fromabout 2 1 O C to about 23 20C. 12. A hydrocarbon wax product
formed by the process of claim1. 13. A hydrocarbon wax product fornmed by
the process of claim3. 14. A hydrocarbon wax product formed by the
process of claimb5. 15. A hydrocarbon wax product fornmed by the process of
claim9. WO 03/ 0057 A Redvotdrbon/vieepg®ductifprmed by the prosessrafoslainak0.pr oduct
formed by the process of claim10.



