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PURI FI CATION FI ELD OF THE | NVENTI ON [ 0001] The invention relates to a

sl urry hywoasanéson synthesis process in which inpurities pamasognsssed i n
situ froma hydrocarbon slurry liquid .qanprising the raw wax product of
t he hydrocarbon synthesis reaction. More particularly, this invention
relates to i ndependently controlling the tenperature at which inpurities
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Fi scher-Tropsch processes are well known and descrl bed in the art In a

Fi scher-Tropsch process, synthesis gas (CO + H2) nmade, e.g. from natural
gas, i s COMELISGHOYEE BNVENITDON, e.g. a ruthenium iron, or cobalt
catalyst, to forma w de range of products including gaseous and |iquid
hydrocarbons and oxygenates and a nornally solid high paraffin hydrocarbon
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as the FDA in the United States and the SCF in the European Union,
particularly if the wax
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[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 ruthenium, 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 are upgraded
by catalytically converting them to lower boiling paraffinic hydrocarbons falling
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, demand for high
quality waxes has increased. The varied and growing uses for high quality
Fischer Tropsch waxes include, e.g., food containers, waxed paper, coating
materials, electrical insulators, candles, crayons, markers, cosmetics, etc.
Stringent purity requirements are set by regulatory authorities, such as 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.



Is to be used in food and drug applications. WO 03/006577 PCT/US02/ 18836
-2 [0003] Fischer-Tropsch waxes have nmany desirable properties. They have
hi gh par awbiod/oessnt ents and are essentially free of the sulpicarysowigss@gen and
aromatic inmpurities found in petrol eumwaxes. However, untreated raw
Fi scher -Tropsch waxes may contain a small but significant quantity of
ol efins and oxygenates (e.g. long chain primary al cohols, acids and
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mode for opepalhBgeddiSr FhetRE hYUARSPBOIPERARSSs his Sccurred. 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 is a
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.



slurry-type process which may be carried out, e.g. in noving bed systens or
slurry reactors. The slurry conprises slurry liquid and finally divided

cat al yst ,wowbheo@&n t he catal yst particles are suspended i rca/usozyussde
hydrocarbon and the CO hydrogen m xturezis forced through the

catal yst/ hydrocarbon slurry allowi ng good contact between the CQO hydrogen
and the catalyst to initiate and maintain the hydrocar bon synt hesi s
process. WD 03/.006577 PCT/ USQ2/ 18836 00051} tglfi a slurry-type
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slurry proces be operated in a batch or in a continudus cycle, and in
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typi cal ly hgwetién mghé,i plicity of tubes suspended within a shell type
housi ng, the tubes being filled wwth a heat transfer nedium e.g. water,
whi ch absorbs the heat generated by the exothermc reaction occurring on

the shell side_of fhe of the tubes .in th mai n. bod he usi.ng. In
such a thr e@DOéﬂ,ase&Ilm,r%q)%&qe MW‘% QrieEying 8 tel%lgh ¥ ’é‘{?ﬁ?%r s gas

conpri sing fhree phase slurry-type Fischer-Tropsch reactions. Reactors in which such three
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-Cjqo hydrocarbons. Preferably, the slurry liquid comprises primarily
high boiling paraffins (Fischer-Tropsch waxes).



m xture of H2 and CO (syngas) is bubbled up as a third phase through a
slurry in the reactor in which the slurry conprises |iquid hydrocarbons
and di spewoad/0oasot i d particles conprising a suitable FisclrerABoDmsah type
hydr ocarbon synthesis catalyst. The cat@l yst particles are typically kept
di spersed and suspended in the liquid by the lifting action of the syngas
bubbling up through the slurry and by hydraulic neans. Typically, the

slurry I'i qui,dy S A t action, wusually C5-C100

hydr ocar boﬁ%%@?aﬁ%h@@@f@ﬁﬁ quid conprises primarily high
boiling paraffins (Fischer-Tropsch waxes). WO 03/006577 PCT/US02/ 18836 -4-
SUMMARY OF THE | NVENTI ON [ 0007] The invention relates to a process for
purifying i|if§)|09i7] u the ineenti@xrelfeotius provkssafos ipurifyinigyipeihytte epamzn
synthesis (HCS) process in a treatnent zone external of the synthesis
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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. In a preferred

embodiment, off gas produced 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.



reaction conditions in the treatnment zone include a second reaction
tenperature which is controlled independently fromthe first reaction

t enper at We oBmod¢sme  hydr ocar bon synthesi s zone. The treat @dT4iS02/18836¢ S
contacted with wax w thdrawal neans wheyein at |east a portion of the
purified Iiquid 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 enbodinment, off gas produced in the treatnent

zone is re e rif i W’Dﬁ passing it through gas

di sengagi ngg @Fmgﬁ%@ﬁééﬁﬂt@ Wi %Irawal of purified wax product.
WO 03/006577 PCT/ USQ2/18836 -5 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0008]
FIG 1 is J0808kmafiIC. driveschematioeross sectiparafiapartirularsadodanentyf
slurry-type hydrocarbqgn synthesis reactor w,th an external |ift pipe
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I nventi on. I I%Er? T I e, indhe i nvention
relates to tﬁ@géggg osféﬁﬁﬁfrqr ylc&]géll}%elé}ldyw Ovvaxé gﬁ%ﬁhgg 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 treatnent zone is controlled i ndependently fromthe tenperature in the

hydr ocar borDEJAIhED DESHGRIPTIN QR IR VESHEON external to the synthesis

zone and may be, e.g. a hollow lift pipe or conduit in internal fluid
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the treatnment zone In h”it m xes _ _ )
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 synthesis 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 which it mixes
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



Wi th synthesis slurry fromthe reactor and at |east partially renoves

I mpurities such as olefins, primary and secondary al cohols, acids, esters,
or m xturwe oglessepf which contam nate the wax. The treat meEmtUSgassssmy al so
optionally serve as a lift gas. Preferargd enbodi nents include an externa
lift pipe and achieve slurry circulation between the synthesis zone,
external treatnent zone, offgas disengagi ng and separati ng neans and back
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the surface of “t
gas distribution 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 wthdrawal neans 19, such as a filter, is
| ocated within synthesis zone 52 for withdrawi ng |iquid hydrocarbon

product s wWp.0g/0065aw Fi scher-Tropsch wax fromthe reactor, wca/usonmess2d. A gas
di sengagi ng downconer 24 includes a substantially vertical, hollow conduit
28 which opens at its top into a vertically extending and upwardly opening
gas di sengaging cup 26, for disengagi ng gas bubbles fromthe slurry in the

synthesis reactjon zone. Conduit 28 i rovided with conduit valve 27.
Condui t 28 eombigatipg of ghgchenters i tbF?‘iegt %‘b@?&‘é&g%ﬂe esEmeddQchanger 62

and then bends, | ateral Ly over, ¢ ' 0, | ch ns upward
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cool the sihtdrior 38edONft physe 34aedrche bettper theraod, ineWbich it cantatts impaovities
transverse portion 30 and up into the interior, treatpment zone 38, of |ift
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di bl e heat 4. The WDO.Q3/ 006577 PCT(USO2/ 18836 -
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t enperat ure. drogéen-contalning treatnent gas 15 passed, via line 36, into
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| east partially renove them and for treated. slurry and a reaction
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hydrogen whi cha TRy 180T flhddh BRY indd 76 tr&M5BnfSone 38 of lift pipe 34 for

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.



nitrogen, CO2 H2O, CH4, C2-C4 hydrocarbons. Optionally, hydrocarbon
synthesis product fromline 21 (i.e. untreated Fischer-Tropsch wax) may be
recycl ed woa3/obésme 32 such that it enters the interior treatrmsar/issene 38 of
lift pipe 34 for treatnent. [0013] In i1is enbodi nent, the treatnment gas
also acts as a lift gas to lift treated slurry up, over and out of the
upper opening 40 and into gas di sengaging and separating neans 42
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of f -gas Into t treatnent zone via line 54 after it
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nitrogen so as not 'to re-contam nate the treated wax. [0014] In this
enbodi ment , purifet wdxdiltrateyma$ be coltesinil éh sitidrant Agavlah sgadgeRnviaremoved,
falls down into the bottomp rd.vessel 44 and from

i f th b
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sem per ”Eab%a% m?édgaggmeﬁuﬁ{eaﬂﬁdt%@yb@pmﬁmwctharmaﬁrwi;hawmr meeifer 68
form ng an annul ar” Space 72 therebetween. Return conduit 50 nay al so be
provi ded wisuchhsat fikerolnat gllowir)3 foleithdradas prrifictd/ wiso fonsgeated sdurry.

Sem -perneable wall 70 allows purified wax filtrate but not catal yst
particles to pass into annular space 72 thus wi thdrawi ng purified wax
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situ from apfiudial b§RAGE ehleMil c¥Rifolling 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



product line 84. Shut-off valve 82 allows reactor 10 to be isolated from
the external units if necessary, e.g. for separate nai ntenance and repair.
Opt i onal Iwp 03geas7ti sengagenent neans 42 nay be provi ded WPCH/US0ne8836

wi t hdrawal neans, such as a filter (nat9shown), for w thdraw ng purified
wax fromtreated slurry. [0015] In the present invention process, the
degree of wax purification can be adjusted by independently controlling
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i ncreasing or decreasing the slurry residence tinme in the purification

zone, so asnitbe gircuiatingshureawstdostanted withthe samettreatmentgasihat servesetgct i ons,
by insulating the ref’ uvenation tubes, by introducing heat or a cooling
medi um i nt JeMOYE IXPyEitics from the Wakng t he rej uvenating gas, etc. The ' 673
patent teaches that the tenperature in the rejuvenation zone should be
hi gh enough to renove any entrained and di ssolved CO and | ow enough to

mni mze nghhaPp fHy@ééa@ﬂox@@%théﬂ%gf%éé%%lﬁbﬁ?oleﬁeﬁfrbﬁﬂ% tiRasththegs apply
to the present 1nvention also. [0016] To achieve optimal wax purification,
t he treat mpresdnt ipeamdionraze icarriddeout tundat sterry condéions, soelevatetied so as to
range from about 193-232 C preferably about 21 OG0 _C t;ﬁ @2 C. The | ower
t enper at ur d8MPEEATATCS ARFPFeSSUFEs; HosTUTesyRIcady range fiem: b- LRAtmMosPherss-ai ns a

U o SR s A PR A CRRRRRRRRLST, %, ther e

B g /rfggggt? gr S%T%@gggﬁgg%gi@%@%m ARt ansees tohs0 td)§réferalsl9Nt7aioTs. 0
420° C., more preferably 175°C to 300°C. 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 Cyo,

[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



hi gher |l evels of inpurities, such as when tenperatures in the synthesis
reaction zone are relatively high. Another advantage of the present

i nventi onwpresmesss7i s the simultaneous renoval of catal ystrcadamsor/issasi ng
speci es when catal yst particles in thejgirculating slurry are contacted
with the sane treatnment gas that serves to renove inpurities fromthe wax.
[0017] Hydrocarbon synthesis processes which benefit by the use of the
present invention,are.carri.ed t d sl ur condi tipns t. el gyat ed

t enper at ur ¢4°%Ry QBF‘BME§‘.‘bq§r‘g§%rhﬁ’§srgég}bqnct§w§/p ﬁiﬁﬁ 8@ tﬁ? Bglr?]%‘iiﬁo%e

at nosphere f - : ~ ;
at mosphere§°m’§?§ﬁ5‘§?‘§%'§r{sef§’oﬁ¥§%r?‘g@B??g ?gaggigélqi%ﬁéﬁgq ?)gil %&%&6 Q%Eye’f erably
175 C. to wHetflefor nomit andérgbey @bhyselotange! Brfofibly theokiedtitmabter fluidjxsch
processes, hydrogen to carbon nonoxide ratios in the feed gas may range
from about waterto 4.0, preferably 1.0 to 2.75, nore preferably about 1.5
to 2.5. Synthesis gas feed is injected at superficial gas velocities

rangi ng fromabout 1 to 30 cnmsec through gas injection nmeans such as

bubbl e cap rg |t . ' | Y action
Zone i n_ apiOATEFCITER salalfH il ERAFiSE MirocaPbch Lifinih Bravel! igarkfRCt 20,
and cat al yshatalVt khowWnid be hotBR iAFEscHer AMropédhes yalthisis/ Fod eammple, GYoRpi ses
about 10 wt %1o 50 wt (;/lzcatalysetd sol i ds, prdiferﬁrtzly %(2 Vl\fﬁ:e-{g toh;l/f w %
suspended Adllhinesils, whethds suppoeted| arrmguppeptédi aré knewin dhsdl capsnyst is
di spersed are the products of the reaction which are liquid at reaction
condi ti ons.catatystsedhese; I*F@%?Qhaﬁﬁlaqqaﬁ’lﬁl?@l@@rﬁﬂ? ip§‘éérrﬁfli WWP@TWW boi | i ng
paraffins wth | ] nount f R ‘ | s, ..aci ds,
ot ors. or koA masEPBopt R coPale dbuftiited SRR ¢ Brplat o arf
Fi scher - Tr qaaggta{l FPacily K1 QASNBPHHon! @rORSS 11L1IAN VL, dhAOA] oFfie

synt hesi

hydr ocar bon s reaction is highly exotherm c and the heat

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 rthenium 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



of reaction is renoved by a heat transfer material which is either
circulating on the shell side of a shell and tube reactor when the

reacti on wakssogirace in the WO 03/ 006577 PCT/ US02/ 18836 PLa/uSobess3er
through the tubes when the reaction takgg _place on the shell side. The
common heat transfer material can be any material having a high heat
capacity, whether or not it undergoes a phase change. Preferably the heat
transfer fluid is  water. [0019] The catal yst enployed in the hydrocarbon
synt hesi s plispersed insa shyry phases \Rartigles wizes of B@‘ﬁmlven%rprpfeg@w&a%wapsch

ihuppor t ece0 i ES@ABns M hes reoulihans; GO T RRREL K Coba
and rut heniw&ﬁ@gispé&kyrafggiewafﬁécﬁﬂi "ek.yAgfg@'fbal 206130 PAddaratiBibinay

particularly co preferred catal yst support’ed” on an 1 nofganic
refractory gyobe isgregihatibnl boincipizmpsveltndss or dther kndwn teokiniqued offe.g.he
Periodic chart of the elenents. Preferred supports include silica, alum na,
silica- al wadbait nitrate Bltouo altiymiexsities, orraduming snposth pptionalbnfallowed afari | y
in the rutile (;Pgirrr), and genera | y supports having a s rface.(ﬁr a of less
t han about Rr§6edas! by Jrpregpaien wiihA Bemeey Bmteéﬂ‘%’ q.gsg_err SR ACThEXEEal yti c

tal i . ' ' > , o t 1-100 wt
(r);;e ?hel apBrel? |Htrlr§ k%gﬁl@%ﬂhgﬁﬁ{e%yﬁ?&%%gscase o?‘ llarf)zr;@%(?la%/zasl 321(:)” pref erably

2-40 W %  npglowingf dya or ahoedntindBontthdteoReroitalyst ixesaldiged atgsshitt o t he
catal yst and are well known in the Fischer-Tropsch catalyst art. Pronoters

can i ncl ude3Gut GeSi00MQ tcheonviert the salbor chmpoundde yis sarrgsgandingroxide(s).
rheni um hafnium_ cerium .and zirconium . ngyglre usualﬁllé?{{}F resent .in anounts

| ess than thee prideds theagedncad By treptment dd TO§F1 O # NEALHOIRE, be

present gas at about 300 ° C C.-500°C for a period of time sufficient to substantially
reduce the oxide to the elemental or catalytic form of the metal. Some prefer an
additional cycle of oxidation/reduction. Another,tand 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 contents of the lift tube and the
contents of the reactor synthesis slurry can then be cdrrelated to the extent of
purification occurring in the lift tube. The following non-limiting Examples

further illustrate the inventive process.



in co-equal amounts), but the pronmoter:netal ratio should be at |east about
1:10. Preferred pronoters are rhenium and hafnium Useful catalysts are
descri bedwor3owss® Pat. Nos. 4,568, 663; 4,663, 305; 4, 542, P2T/USD0R3¢

Catal yst particle size is inportant andiparticle sizes may range from 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 mc¢rons, preferably about 20 to 150 microns neet these

r equi r ementiéxangples yst preparation may be acconplished by a variety of
techni ques. A typical catalyst preparation may involve inpregnation, by

i nci pi ent S qr other 0 techni qyes of . e..Q. .cohal hhrate
salt onto ﬁ%bgg ni é“gi“iur%afﬂ%%ﬂs’aHP%&%&B;JBP’P‘?“S%PY%@SFIP@? (qt{?o d or
preceded by, i i j r; I Aum8- ; i GvifkCi d.
Excess qu2u'|h iag%rB g{ln%@égidwaé\%aﬁﬁg lggt%jt ysltlg?1 B?%c‘?rlg%lrﬁ rg?citggeﬁlp Eg%wéﬁfo 125

C. Fol | owi ngh ehtiinag lidr tuds, the Gatetion vfitvhich défrieriof tresteent abat.y Theicatatydtci ned
at about 300 C -500 Cto convert the salt or conpound to its
cor r espondiutiizediway & Jitania bepporiedecobsltirheniumeenialydt Binitar do thas deseribad

hydr ogen or, a_hydrogen_caont ai nj as, at about 30Q C C -50 .for a
bt od of _tinds S BrfaeNend-36. S dhe IR earB0n Stmbess reackionas the Fiseher

el enent al ca ! : r: js L cycle
o “ox dat | oHfPPSHL ISl WY Birleteda B nia, THETeRd Halin@daucilid d|REY
cat a! yst prVeeq)@(gigI bpp@iyscnqi,is@@gmsﬁ@ CO ddnSershst wabldiftylperednt072 _ i ncor por at ed
herein by referénce. [0022] In Fischer-Tropsch processes carried out

according the present invention, the extent of the wax purification
reaction occurring_in the Iift tube at  various, tenper ture? ca%lﬁe
£ or and the

det er i ned [892fbas IR Exgmpite 1 e s{ury ceaduit val¥ry heftveen the reac

external lift tubes were closed, thus preventing synthesis slurry from leaving the

reactor.

[0025] In Examples 2a, 2b, 3a and 3b the slurry conduit valves were open,
allowing the synthesis slurry 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.



via infrared spectronetry. The oxygenate content of the wax (as exenplified
by the average ester content) reflects the extent of purification
occurringwb3bes7t i ft  tube. The difference in tenperatur@chratsopess3d he
contents of the lift tube and the contggts of the reactor synthesis slurry
can then be correlated to the extent of purification occurring in the lift
tube. The following non-limting Exanples further illustrate the inventive
process. WD 03/ 006577 PCT/ US02/ 18836 .+ i& Exanpl es: [0023] A m xture of
hydr ogen and carbon nonoxi de synt hesi ;l“ab 1(H2: CO = 2.1) was converted to

Pibe, the interior of SRR gor) LI TERELCT RYRRETCY) & o0 ARl 11T
utilized Wox Amlpld anl(ﬁy%ﬂ’ﬁﬁoié?t e&’ilE%&}ftmfheni um cat al yst si Mﬂat—eﬁ{a
descri bed s Piean. (6) 4, Temmes) Thdrestamentdebum sy htmelsseraact i on

in the Fischer Tropsch reactor was conduct eninas S¥nthgsis a. The Wwaed was
introduced at a linear velocity of 16.7 cnl secTang)the CO conversion was
fifty percent. [0024] In Exanple 1, the slurry conduit val ves between the
reactor and the external lift tubes were closed, thus preventing synthesis
slurry fromghepving thezjgeactor. [Q025] In Exanpl-es 2a, 2b, 3a33pd 3b the
slurry conduit valves were open, allowing the synthesis slurry to exit the
reactor and circulate through the lift tube. Hydrogen treatnent gas was
introduced into the interior of the |lift tube at about ninety standard
liters per \§} e. The p g’perature jgy the lift tupep was controjlgd by heat
exchanger s "and heat ers. FOZG] The average ester content of Fischer-Tropsch
wax sanpl es w thdrawn

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.



directly fromthe reactor was anal yzed via infrared spectronetry. The
results are shown in Table 1. WO 03/006577 PCT/US02/ 18836 - 13 Table 1
React or LwoOto3/oedse7 ATenp. C) Average (Synthesis) (Treat nerC)/uSs/ess3cCont ent
Exanpl e Tenp. C) Tenp.( C) (Treatnent Tegp. (noles/gram mnus Synthesis
wax) Tenmp.) No. 1 210 -- -- 3.50 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 avera ester congen creased in all . exappl es
wher e the. J00BY wanallh sl b6 amEctret B2 HASE gRe DREticR of the S eRiBe " wni ch
t reat ment S S .intr . t j ' t ube

i ncreased ?@?%ﬁ%cﬁ%rﬁg%&?eéﬁwgﬁg) %ﬁtﬁ%seﬂr;@:t@? g?‘?’%é])gp gJ\;fearc ggféa%st er
content  deqre&ar8ction MHsiru Pd hydroga®éh shh?%‘ﬂq_&id, fE18 itk iteRdarRSe at
increasing tenperatures over reactor synthesis tent‘geratpre i ncreased the
extent of wdmitedto ilis patticmbari embdiment xHnplpderstiod that eariugethér

i ndependently controlling the fenperature _durhrf% wax pur{vybigati on in the

ext ernal | igmbedipentsard madificatiopsin theskracties of the inygntapyy ¢ ppparent

PCT/ US02/ 18t%?gnd 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.



-14 [0028] Finally, it will be appreciated that while the practice of the
invention finds particular use with renoving inpurities fromthe raw wax
product oWwo0anr/00d43CE reaction in situ in a hydrocarbon sl urmrgThisqriss3eit is

not intended to be limted to this parfjscular enbodinent. It is understood
that various other enbodinents and nodifications in the practice of the
invention will be apparent to, and can be readily nmade by, those skilled

inthe art wwthout departing from the scope of the invention described
above. Accdr léy 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 enconpassing all of the features of

patent abl e novelt yAWRieP hy@cdfbdn'syinfigesty HoRBds fob YerhiingThy drodrbehng al |
the features an enbod@rre%ts whi ch ytvr\lloul d gﬁéﬁtreat ed as(gec%,ui val ents t hereof

by those Sionprisingn the art to which the invention pertains. W 03/ 006577
PCT/ US02/ 18836 - 15 CLAIMs: 1. A slurry hydrocarbon synthesis process for
form ng hydrocarbons conprising (a) contacting a synthesis gas conprising

i f .h lid i_cul i
Catalyst in a hyarGogontstos acnatiE BRI RSHEhS SRR RGP 8RN g 4
hydr ocar bo p §rdgx(t31%z(}tii:ﬂa?e BRbEASbA sggﬁﬁ?is%a%ﬂystnﬁaqwd%e&@mg AtAB&s whi ch

i ncl ude a react1on ‘tenperatu eftective to “form sai d hydrocarbon

l'iquid fromhgsy doﬁ%)ﬁifshigsdaw gatalystand edydrecapoot ligniddh adyinthesis zode qui d
(D)

hydr ocar bon wax; introducing a portion of said hydrocarbon synthesis

si urry i nt ainder reaction conditions which include 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.



treatnment zone external to said synthesis zone; (c) introducing a

hydr ogen-containing treatnment gas into said treatnent zone wherein said
t r eat mrentwgas/oeent acts said portion of said hydrocarbon Pgmiuseyiss3s| urry
under reaction conditions which includgj@a.second reaction tenperature to
forma treated slurry conprising treated catalyst particles and treated
liquid wax; and, (d) contacting said treated slurry with wax w t hdrawal
means to separate at |least a portiqn of said. treated |iquid wax, fromsaid
treated slurry % ATHECGSs 36eding t%‘ﬁé%‘ﬂ@lwﬁ‘w’cmgm?g‘l‘lﬂ 1§eﬁé’°??@p of
passing said treated slurry through gas renoval neans prior to step (d).
3. A process according to claiml1l wherein said catal yst conprises at |east
one_suppor t ed_ GIsOuR p¥bddss §eEddind'1d ARRASRHG e IS USA kB Aeerial 16 idanid)
process accordi ng t(y claim 3 wherein said netal conprises cobalt. 5. A
process according to claim4 wherein said support material is titania. 6.
A process according to claiml1l wherein said treatnent zone conprises a

substantial |y vertAqupcessmgeondingto glapn dcuberecsadd Heamens ZongicRIPTIGSr ei n
said treatnen a @cts as.a I'f.E gas in said substantially vertical
condui t . 8.35,13!&’6&’19@@ VERES G0 claim 1 wherein said treated slurry is
re- introduced into said synthesis zone. 9. A process according to claim1l
wherein said second reaction tenperature is equal to or greater than said
first reaction tEnngretdssaccorithg % ¢lain ésshereosaid ngatment! gaisacts asteelifi n

sai d second reaction _ ) _
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 5.

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



tenperature ranges from about 199C to about 232C. 11. A process according
to claim 10 wherein said second reaction tenperature ranges from about
210C to awouws/0@32C. 12. A hydrocarbon wax product forned pgTiuse2/msecess of
claim1. 13. A hydrocarbon wax productiforned by the process of claimS3.
14. A hydrocarbon wax product forned by the process of claim5. 15. A
hydr ocar bon wax product forned by the process of claim9. W 03/006577

PCT/ US02/ 18836 -17 16. A hydrocarbon wax product forned by the process of
cl aim 10.

16. A hydrocarbon wax product formed by the process of claim 10.



