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FI SCHER- TROPSCH WAX FI ELD OF THE | NVENTI ON [ 0001] The present invention
rel at es twoa3mbasnsy type hydrocarbon synthesis process i RCESogd6ppuriti es
are renoved in situ froma hydrocarbon sjurry liquid conprising the raw
wax product of the hydrocarbon synthesis reaction. BACKGROUND OF THE

| NVENTI ON [ 0002] Hydr ocarbon synt hesis (HCS) rret hods ut| l'i zi ng

Fi scher - Tropsch I [ .
Fi scher - Tr opsle RODUG | Y . R " !.-. WA ur al
gas is converted over a cat aI yst, e. g a rut hem um iron, or cobalt
catalyst, to forma w de range of products including gaseous and |liquid
hydr ocar bons; 'TE'H? gnqrmal Iy solid high paraffin hydrocarbon
wax. Typica yL%!EISI:C er-Tr opsﬂh waxes are upgraded by catalytically
converting themto lower boiling paraffinic hydrocarbons falling wthin
the gasoline and mddle distillate boiling ranges This treatnment primrily

i nvol ves hﬁ@ﬂ@éj&natﬂl@mm@n@lnmp@lrgbﬁ@rﬁozea& PN typ@/by@r&cath@lrsg/n esis

hyd f d th h d f d,t
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waxes as e ﬁétleéjf ses for hi
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coating materials, electrical insulators, candles, crayons, markers,
cosnetics, etc. Stringent purity requirenents that a wax nmust neet are set
by regul at BACGKGROWUNDEOFSTHE BSVENITOMNDA in the United States and the SCF
in the European Union, particularly if the wax is to be used in food and
drug applications.

[0002] Hydrocarbon synthesis (HCS) methods utilizing Fischer-Tropsch

processes are well known and described in the art. In a 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, 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. hydroisomerization, hydrocracking, hydrorefining
and the more severe hydrorefining referred to as hydrotreating. However, as
new markets expand, the demand for high quality waxes as end products 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 that a wax must meet 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.



WO 03/ 006404 PCT/ US02/ 19691 -2 [0003] Fischer-Tropsch waxes have many
desirabl e properties. They have high paraffin contents and are essentially
free of tWeoswbdsd, nitrogen and aromatic inpurities foulR@TiUSOpPE6PDI eum
waxes. However, untreated raw Fischer-Jropsch waxes may contain small but
significant quantities of olefins and oxygenates (e.g. long chain primry

al cohol s, acids and esters) fornmed in the slurry as by products of the HCS

reaction. Consequently, there is a need to further tre r
Fi scher - Tr {09030 wdbisehierrbepseh WaseEha e ARy Flgg;efbﬁpgopeg@%q.t PUSERYS cat nent

Is part of a_time_consum n nd_cost |. | J4RPsch waxes

typically hlrﬁbd?aééffﬁym‘gﬁ?ﬁ%é@éirﬁSgﬁehh%lrlg?% %So?%}é%ﬁfl@%%ﬁm%en %ﬁfl ty. These

purification measures.tyoieall; | fvazBet MoweeRctotrestepeavat e  from the

react or vvh@‘?oénﬁa Celr?r@?frl%éc@gf;oglggu}s{ Eﬁﬁ}gg{@swﬁas o_cc_uv:r ed.p I n_addi tiop,

di f ferent @?stcﬁg%:ﬁépﬁhﬁvmdnﬁpcbmimmmhbs‘ss@hé‘l%@kquﬂﬁﬂéﬁ‘scﬂfrféP N} here is

a need for a nore ‘efficient and direct nmethad of. r%gug n9 %ééineﬂe

Fi scher - Tr gpd oy gewates (eogn lang ghainiimary %19%%84‘@%? gatersy f A

preferred process node_ for erating the Fi - -or, is a

sl urry- t ypslysrpaeby pipdudts ﬁgﬁ‘eﬁg&ga@?‘ftb‘ﬁl‘o Sﬁgégpggﬂﬁﬁﬁ%vlggg&gggosystems or

slurry reactors. The slurr ' \Hed e dmaagties.n@Thisy di vi ded
Toarrerieny acia BEBRr Faxosonyye b nade

catal yst, cles are suspended in a liquid

hydr ocarbon il frea S HRYRIT artinke eoRsirminzameabstiymyagesstan & ischer-

cat al yst/h)%jl carbon slurry allow ng good contact &e}twee 'thﬁ{i hydr ogen
and the cat]q-bg&;h waxéiybpiclly wrdtrgahydwiprocesHiaghiy @ PRI si s
process. [0005] Advantages of a slurry-type process fixed
bed pr ocesgpurity ThérstpuriigasionneRsy %%Bﬁ%ﬁycﬂ%‘:}ﬁ 0y %Otgé;rg{eﬁ{éﬂra?ng%ﬁhggt
produced | nfrct)r?lqcheF Irge?ctc]grr\;vhere the hydrocarbon synthesis has occurred. In addition,

different catalysts are used to hydroprocess the wax. Accordingly there is a need
for a more efficient and direct method of producing purified Fischer-Tropsch

wax from a hydrocarbon synthesis process.

[0004] A preferred process 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.

[0005] Advantages of a slurry-type process, over that of a fixed bed process
are that there is better control of the exothermic heat produced in the Fischer-
Tropsch process during the reaction and better control over catalyst activity
maintenance by allowing recycle, recovery, and rejuvenation procedures to be
implemented. The slurry process can be operated in a batch or in a continuous

cycle, and in the continuous cycle, the entire slurry can be circulated in the



Tropsch process during the reaction and better control over catalyst
activity nmaintenance by allow ng recycle, recovery, and rejuvenation

pr ocedur e&0Otog/otxd04 i npl enent ed. The slurry process can be @PEEFASBIEMHAN a
batch or in a continuous cycle, and in the continuous cycle, the entire
slurry can be circulated in the WO 03/006404 PCT/ US02/ 19691 -3 system
allowing for better control of the primary products' residence tine in the
reaction zone. [0006] Slurry reactors, sonetines ref,er%igd to.as ."bhubbl e
col umms, " @semellowidgnfoarbettor controlyafibe pumagy GRPINCLS FEHEPRTTUIEHR AR phase
slurry-typé Fischer- Tropsch reactions. As disclosed in U S. Pat. No.

5, 348, 982, reacticn ZdMee- phase hydrocarbon synthesis (HCS) process, a

synthesis gas conprising a mxture of H2 and CO (syngas) is bubbled up as
a third gaseous phase through the slurry in the reactor. The slurry

conprises Jingui d ssaRstifis REeged tsas Msubljarcolummss’ asiell si ng a
sui tabl e Fﬂop@ﬁir-%@gggﬁ&?%g(ﬁgdrlocar bon synthesis catal fSt The cat al yst
particl es gi&vh Yo Galyingloephighly prothermivnthree phaseclury FyPRESChEui d by t he

lifti t f th bubbl i t !

ydlr Bt i o Trsoh raacional |44 dissiossitin ST RHING. ToqE g deBdheBy
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sl urry-typTéIZIW ynthests ~ process for form ng_ Fi scher-,gropsch
waxes, at lfh%%ﬁctﬁr,p%bisﬁﬁr?_tof‘f@ﬁ@& Aqeidltiyguochrbens abdispeised sAli€ ondi ti ons.
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catalyst. The catalyst particlles 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-Cigo hydrocarbons. Preferably, the slurry liquid comprises primarily

high boiling paraffins (Fischer-Tropsch waxes).
SUMMARY OF THE INVENTION

[0007] The present invention relates to a slurry-type hydrocarbon synthesis
process for forming Fischer-Tropsch waxes, at least a portion of which are liquid
at the reaction conditions. The inventive process comprises: (a) reacting a
synthesis gas comprising a mixture of Hp and CO in the presence of a solid,
particﬁlate hydrocarbon synthesis catalyst in a hydrocarbon synthesis slurry
comprising said catalyst and a hydrocarbon liquid in a hydrocarbon synthesis
zone of a reactor under reaction conditions effective to form a liquid
hydrocarbon wax, said hydrocarbon liquid comprising said liquid hydrocarbon
wax; (b) introducing a portion of said hydrocarbon synthesis slurry to a
treatment zone; (c) contacting said portion of said hydrocarbon synthesis slurry

in said treatment zone with a hydro gen-containing treatment gas to form a



particul at e hydrocarbon synthesis catalyst in a hydrocarbon synthesis
slurry conprising said catalyst and a hydrocarbon liquid in a hydrocarbon
synt hesi swO20#e5406 a react or under reaction conditions ef PETUSVEI%OL f orm a
l'iquid hydrocarbon wax, said hydrocarbgn |iquid conprising said Iiquid
hydr ocarbon wax; (b) introducing a portion of said hydrocarbon synthesis
slurry to a treatnent zone; (c) contacting said portion of said

hydr ocarbon synthesis slurry in said treatne

t zone wi.th a .
hydr ogen- civeatad slury,tsaishbireaiad sysey QQinPWlﬁgéa\f%%éﬁ étd%a\sjaﬁféﬁ’é?fl odysitigbor -4
treated slurry, said.treated sluyrr i.S) J alV icles and
a purifi edhy(if%?‘%’@é‘rdl%ﬂ 1P i%{flﬂegwcﬁﬁ%[r%’ ?gg‘%%?%@gﬁ%%% ﬁlgﬁ]?%d conpri sing
a purified r ; i it8@ shatydtot wewdthdsdwal mehiss wax
wi t hdr awal h@gé&%?lo‘?%e@?gﬁ@ﬁ%gn%ﬁ%q?%r a\fval }gg‘ a portion of said
purified hygrapanion amdwithdemaaf d poréan efisaitpurificddidrogarbomarasy, (e)
re-introducing the remai nder of the treated,sl u%%rﬁ/ i riiqo t he ﬁﬂé_dr ar bon
synt hesi s fronesaiflaf8dd sinrmynand apbenatbn(c) erdntfoQlGIRgtha rgramn 053 €ed
t hrough gas di sengagerre&{? rrerdgns jn which.off-gas fromthe reaction in the
treat ment meaediskurry cmir e hydsacarhen SYRREHA 28P%r r v before the purified

hydr ocarbon wax is separated and w t hdrawn. BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0009] Figure 1 shows a schematic representation of a process in

accor dancergyydih tlfheorﬁ{ &5BBdinkdn et itRated 049 ]is passed ¢hdughgas a schemati c

r epr esent a{l on-of an alternative enbodinment of the process in accor.dance

with the pupeapigdmuenheans in VIETAOERaOESTRIETEENI@H troqiRRRY 294°C 15
removed from the treated slurry before the purified hydrocarbon wax is

separated and withdrawn.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 shows a schematic representation of a process in accordance

with the present invention.

[0010] Figure 2 shows a schematic representation of an alternative

embodiment of the process in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0011]  According to the present invention, a hydrocarbon wax product is
purified and separated in situ from a hydrocarbon synthesis slurry comprising
catalyst particles suspended in liquid hydrocarbon wax by introducing the
hydrocarbon synthesis slurry from a Fischer-Tropsch reactor hydrocarbon
synthesis zone into a treatment zone in which a treatment gas contacts the slurry.
The gas treatment removes impurities from the liquid hydrocarbon wax portion

of the hydrocarbon synthesis slurry and may also remove catalyst de-activating



[ 0011] According to the present invention, a hydrocarbon wax product is
purified and separated in situ froma hydrocarbon synthesis slurry
conpri si NgO os@v@by st particles suspended in |iquid hydroc®Charsoneeoby
introduci ng the hydrocarbon synthesis _glurry froma Fischer-Tropsch
react or hydrocarbon synthesis zone into a treatnment zone in which a
treatnent gas contacts the slurry. The gas treatnent renoves inpurities
fromthe liquid h ocar bon wax part.i o ocarbon s EhQESiS

dr . of the hydr
slurry andSp@}'eSaWiliﬁhl@#ﬁ\b@ Ré'ﬁfieéllt-ygtmﬁéaélﬂuil@gyaﬂf %76 6%
PCT/ US02/ 19691 . -5 specjes which e_pr . I il | :
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product vi ' ‘i‘@}?}i’é@' THither A¥intnt OF (e WaRipzedudti€heeed for
further trggig%rﬂw%?l e \kggﬁgé%gogct. %%e remai ni ng trggt ed slurry may be
re- i nt r odugggainih @ riehRdhtirp esiybissresimtduesed intodhe hyfrachsbanesymtiassis [ 0012]
In the context of the invention, the term"slurry” refers to a m xture of
sol i d cat alzpat op éhd reaktes. and hydrocarbon |iquid. The catal yst is any

suitable Fischer-Tropsch catal yst. The hydrocarbon |iquid conprises the
product of a hydrocarbon synthesis reaction, primarily high boiling |iquid

paraffin 3@691550%%%%%3’?@% gf;'en{isﬁ,eﬂh%.téﬁn OXNGRMALRSs td b neixneigar y

and secon ers of mxtures thereof), olefins and

E Pgalt irrgﬁt i ggisiﬁ%g %tﬁ’%?‘?;%ﬁfgﬂé‘? ilalzﬂﬂ)tCﬁiMrgrplﬁqlﬁiEiET?e mt;aﬁ}ck;t] Elgd/art,}osuimkﬂe with a
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acids, esters or mixtures thereof), olefins and the like in the hydrocarbon liquid

which are removed by contact with a treatment gas, €.2. by contacting them

contact with hydrogen or hydrogen-containing gas and converting them to

hydrocarbons. As used herein, “catalyst deactivating species” is meant to

include species that degrade catalyst activity. Such deactivating species may be

removed by contact with the same treatment gas that serves to remove impurities

from the liquid hydrocarbon wax product of the Fischer-Tropsch reaction.

[0013] Inthe inventive process, & portion of hydrocarbon synthesis slurry
from the hydrocarbon synthesis reaction zone of a hydrocarbon synthesis reactor
is introduced to a treatment zone where it is contacted with a treatment gas,
preferably a hydrogen or hydro gen-containing gas. Contact with the treatment
gas removes impurities such as oxygenates, olefins, and esters from the slurry
liquid, e.g., by converting them to hydrocarbons. The treatment gas preferably
comprises hydrogen and may contain other gases such as nitrogen, CO, H,0,
CH,, C,-C,hydrocarbons, and also CO (as long as the mole ratio of the H, to CO
is sufficient to remove the CO and still remove at least a portion of the

impurities from the wax). Care should be taken to avoid known Fischer-Tropsch



fromthe liquid hydrocarbon wax product of the Fischer-Tropsch reaction.
[0013] In the inventive process, a portion of hydrocarbon synthesis slurry
from t he WodBoeadbon synt hesis reaction zone of a hydrocaPberUSsymehesi s
reactor is introduced to a treatment zgne where it is contacted with a
treatment gas, preferably a hydrogen or hydrogen-containing gas. Contact
wth the treatnment gas renoves inpurities such as oxygenates, olefins, and
esters fromthe slurry 1liquid, e.%.a, by converting themto, hyd]{‘| car bons.
The treat meatalgsapojsoatee.gbHyS. toeplcastenegmabediginhdl g PeBHID t%St her

gases such as nitrogen, CO2 H20, . CH4, - hydr pcar bons,. so CO (as
| ong as thél‘eﬁﬁn@‘ltr%sifﬁabbeﬁ'?@cﬁﬂ ?%de@tgﬁ%qu??ﬁ © fé‘?ﬂe ﬁgerrlgﬁgggg%%e CO and
still renove at, |east a ' is : : e

houl d b B tog et SR as e Al pifer FBNEE St PR B N5 0601
-6 catal yst.. pal5oRRateSth8 trdatedt whR. Optloaaily, trarcnbent gardcts ad 4 lidr gas portion
of the treathent gas may be recycled back into the treatnent zone after it
has been tap@ahgfaidoinrrenmwéngdygetisating sprtiest whichidegrader ¢asalystiagiivaly 1n
nitrogen so as not to re-contamnate the treated wax. Optionally, the
treat ment dhsslactys as a |ift gas and may aid in renoving de-activating

speci es which degrade catal yst activity in the slurry. [0014] The
resulting treated slurry, conprising catalyst particles suspended in

purified |igHig Waxy, i S.i 1dihdica t e ) bndsd i
filte, V\:hé[ﬁgigl poif%1 ch?\Sdcl)ﬁﬁ% %H%E%h?]?}é’d I i%\ﬂtiéildg\g/awss TSg}?tav\?ls of T and
recovered as, fAdiglid watgs itesiieeddo wax withdiawtal inscapasseh ase: BHer age, sold

as end product, further ‘upgraded if necessary, etc. The remmining,treated
sl urry nay vkereerportiondfdbel purified liquéd wWpzis dEWoR feApck 15EQY 9 35 é)rgqlucfth o
hydrocar bonTlfeyrnetchesrie?i \{/aezs? g;o%ict }snpaassed to storage, sold as end product, further -

upgraded if necessary, etc. The remaining treated slurry may be re-introduced

into the hydrocarbon synthesis zone of the hydrocarbon synthesis reactor. Ina

preferred embodiment, off-gases produced during the gas treatment are removed

from the treated slurry prior to passing it to wax withdrawal means. Reducing

the gas content of the treated slurry results in greater liquid throughput through

the wax withdrawal means and prevents off-gas from contaminating the

hydrocarbon synthesis reaction in the reactor upon re-introduction of the

remaining treated slurry.

[0015] The Fischer-Tropsch hydrocarbon synthesis reactor will typically be
operating during treatment and withdrawal of purified wax product and may be
continuous or intermittent. The wax treatment process does not interrupt the
hydrocarbon synthesis reaction taking place in the hydrocarbon synthesis zone of
the reactor. While the treatment zone is separate from the hydrocarbon synthesis
zone, it may optionally be located within the hydrocarbon synthesis zone. In
preferred embodiments, however, the treatment zone is housed in a separate unit
outside of the reactor and is connected to the reactor by conduits within which a

portion of synthesis slurry from the hydrocarbon synthesis zone circulates. By



preferred enbodi nent, off-gases produced during the gas treatnent are
renoved fromthe treated slurry prior to passing it to wax w t hdrawal
means. ReWO0®B#gr404 he gas content of the treated slurry re®daltGsSor/megr eat er
l'iquid throughput through the wax wi thdrawal neans and prevents off-gas
from contani nating the hydrocarbon synthesis reaction in the reactor upon
re-introduction of the remaining treated slurry. [0015] The

Fi scher - Tropsch hydrocarbon synthesis reactor will typically be operating

during tr esfingstparate waitstdrwowae the s pydiopadbenwarthssisrione anddhedipatacnt
continuous or intermttent. The wax treatnent process.does t_ l:nterrupt
the hydr oediChBrs SphnaeessEYBALVAY ﬁre@éﬁqrﬁg)%pqogﬁgcﬁeﬁ a?ﬁlée ﬁ%g g%agklfggn
synthesis zong.of t £3C1.G ' : : hSvagRasate from
Che hydr ocoRiions, A g @&m%ﬁ!ﬁ;gpé’%}{ ‘leﬁﬁ{;&gbx{lfhg‘ﬁgﬁlﬁ%réeﬁgat dd W thin the
hydr ocar bop, &y e eidnd §fith ad fempraties e ierideperiiently roguletedras t he |
treatnment zone is housed in a separate unit outside of the reactor and is
connect ed gclosed ireacipending United Stasespattitrapphicetiom Daset Non3d¥ 1 S{ikdhesi s
slurry fromthe hydrocarbon synthesis égne i rcul.ates. By WO 03/006404
PCT/ US02/ 1eeven datetherevyith apdrineerpgrated by seiesines hefeils hydr ocar bon

synthesis zone and the treatnent zone, it is not necessary that wax
treatment be conducted at the sane reaction conditions as the

Fi scher - Tr @g@&it r W%h%@%%*‘a.*%%@g% i RUIXORaRARC By Siasbon syahesis Gomeli L ons

such as te ur e may ently regul ated as disclosed in

co- pendi ng,hinifefesthine sonpaitdnprefomtd cedt itheunitc kave iNolat®dsmearts, eeh abn even
date herewth and incorporated by reference herein. [0016]. Wepn separate
units are vsleds imtheemmerting koudaitsawieh spahle dig Unisiaebe 15 hﬂt?cﬁﬁom 3F nent

zone 1t i ar%t(lal]:are. r’lfheigI istorllgttlor} tatuire ipte%ml g\éeepa{rgfél r%%)eiii? Unf5RAStenitEd as
Likewise, it is preferable for the wax withdrawal means to have isolations
means, thus allowing separate maintenance, €.g. filter removal and replacement
without having to take the hydrocarbon synthesis reactor off-line. This allows

operation on a continuous basis with each process being performed at optimal,

uninterrupted conditions.

[0017] InU.S. Patent No. 5,260,239, His discloses a process for removing a
portion of slurry comprising degraded catalyst in liquid synthesis product from
the hydrocarbon synthesis zone of a Fischer Tropsch reactor, removing catalyst
de-activating species in an external rejuvenation vessel and then returning the
slurry containing rejuvenated catalyst to the main slurry body in the Fischer-
Tropsch reactor. However, rejuvenation and recycling of Fischer-Tropsch
catalyst does not address the treatment of the slurry liquid comprising Fischer-
Tropsch wax product for removal of impurities. Additionally, the recycling
method disclosed by Hsia does not provide for removal of a portion of treated
Fischer-Tropsch wax product prior to recycling the rejuvenated catalyst back

into the hydrocarbon synthesis zone.



val ves in the connecting conduits, which enable the units to be isolated
fromone another. This isolation feature permts separate repair and

mai nt enarwo.03dddeni se, it is preferable for the wax w t hdPaRaISO2rE®mAE t O
have isol ations neans, thus allow ng sgparate maintenance, e.g. filter
renmoval and repl acenent w thout having to take the hydrocarbon synthesis
reactor off-line. This allows operation on a continuous basis with each

process being performed at optinmal, . uninterrupted conditions. [0017] In

U S. Pat en{fONS] 5, 0o enbpdimpat of the ipeasion 1&131@@@366?5}8411@%&!@@&% portion
of slurry conprigsi degr.aded. cat st 1. 1.1 quj - i kduct from

t he hydr océ‘?‘g&ﬁ lé‘yﬁggﬂigl S ?fﬁén @fn%hgﬁ %%%érlh%%‘g%@%‘ggaw enovi ng
catalyst e RektobdideaAsF 169t mARtAKPiIohoi eigialtubdan@prBturnd then
returning € slurry containing rejuvenated catalyst to the main slurry

body in therfisariaypichllppasse freact Hr-.4 56 enorerpaiferabiyt isén- HHhpsiecycl i ng

of Fischer-Tropsch™ catal yst does not address the treatnent. qf the slurry
li quid corrﬁrehqjang;uﬁsmhmangefspgbabqwi%r?@é’ﬁ&, preferablig 98 220k f?-r%ﬁ\l?ft i es.

Additionally, the recycling nethod disgclosed by Hsi royide for
removal of hydpegen;tefaphon pOREEHie g l%ﬂbﬁl-e%?%%%%%f%g%gﬁg? 8l%)?‘lﬁol(r)’gtlo
recycling t r.ej uvenat lg/st_Hack into the hydrocarbon synthesis
zone. V\OOS’/%@GM@HGMII({J%@%SG%i ?3 '0018] One enbodi nent of the
invention is illustrated in schematic cross section in Figure 1 wherein
synthesis gas is introduced into a slurry-type Fischer-Tropsch reactor 10

and mai nt aijpgojt Shact feantdrdfpemaprises zelmllqy shell A3 houpinggshydrecasponcal | y

range from75 - 450 psia, nore preferably 150 - 300, psia, .Lenp tures may
range fromsgbthesisreactiapzane bf vl yirgcar gn synthesis spﬁ'pé% wiltiP¢hé

hydrocarbon synthesis slurry 14 comprises solid catalyst particles and
hydrocarbon liquid. The hydrocarbon synthesis slurry liquid comprises
hydrocarbon synthesis reaction products which are liquid at the hydrocarbon
synthesis reaction conditions, preferably Fischer-Tropsch waxes with small
amounts of primary and secondary alcohols, acids, esters, olefins or mixtures
thereof. Gas reaction products of the hydrocarbon synthesis reaction escape
hydrocarbon synthesis slurry 14 and collect in gas collection space 26. Gas
inlet line 16 feeds a syngas into the reactor and up into the bottom of the slurry
through suitable gas distribution means 18 at the bottom of hydrocarbon
synthesis reaction zone 17. Gas distribution means 18 injects the synthesis gas
up into the bottom of hydrocarbon synthesis slurry 14 in which it rises as gas
bubbles indicated by the small circles. Unreacted synthesis gas escapes the
hydrocarbon synthesis slurry and also collects in gas collection space 26 in the
top of the reactor and is removed via gas product line 22. Hydrocarbon liquid
withdrawal means 41, such as a filter, is located within the synthesis zone 17 for

withdrawing hydrocarbon product (i.e. raw Fischer-Tropsch wax) from the

reactor 10 via line 19.



hydr ogen to carbon nonoxide ratios in the feed gas may range from

1.5:1 - 2.5:1, preferably about 1.9:1 - 2.2:1.9[0019{ SIu?ry reac?g?uao
conpri sesw@ oBobd4ow shell 12 housing a hydrocarbon synt he®C3/usezat4Pbn zone
17 with hydrocarbon synthesis slurry 14 within. The hydrocarbon synthesis
slurry 14 conprises solid catalyst partPcIes and hydrocarbon liquid. The
hydr ocarbon synthesis slurry liquid conprises hydrocarbon synthesis.
reaction products which are liquid at the hydrocarbon synthesis reaction
condi t i ons[0QB04f er @bhguikil § chis ¢ mps%maméﬁ%éﬂmﬁﬁh@éhﬁﬂﬁ Iy A5HAREEeISE pri mary

and secondary_al cohol s, acids ters ur.e h
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FONgn. Su ﬁﬁ%&%&@é Gftﬁﬂmafb&mumpaué&s dlic trbstnixait zone 6§ béjsdlatedr bon
synthesis reaction z ne 17. Gas distribution nmeans 18 injects the synthesis
gas up 'nffﬂnﬁh@ad@@ﬁl@_hﬁdﬁsubddrocar bon synthesis slurry 14 in which it
rises as gas bubbles indicated by the small circles. Unreacted '

_ synt hesi s
gas escapes the hydrocarbon synthesis slurry and also collects in gas

oroduct 11 HGOZE 1 a{ag@éﬁ‘cﬁmmq‘%m&%re?p?ré&,aﬁ@ﬁféa' 14, PRERIME RS | or,
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1
product (i. yut rops omthe reactor 10 via line 19. WO

03/006404 Ea {iﬁ&%%/dje%&é coil@ctﬁ@g)&ﬁﬂ 5@aaotifite #9 velxichds ithBuikact or and
extends over laterally as transverse portion 43, %I h turns.upward into
ur]atmg

hol | ow I i ftcomrpenﬂ:ﬁtlandwﬂscmndmﬂ 1l.dAfter exiting reactor portion

of the hydrocarbon synthesis slurry passes over and up into the interior treatment

e CIrc

zone 20 of lift pipe 47. Treatment gas comprising hydrogen is passed via line 51
into the interior of lift pipe 47 near the bottom thereof, in which it contacts the
circulating portion of the hydrocarbon synthesis slurry and removes impurities
such as olefins and oxygenates (i.e. primary and secondary alcohols, acids, esters
or mixtures thereof) from the liquid phase of the circulating portion of
hydrocarbon synthesis slurry thereby producing a treated slurry. The treated
slurry comprises catalyst particles suspended in purified liquid hydrocarbon wax.
Optionally, hydrocarbon synthesis product from line 19 (i.e. untreated Fischer-
Tropsch wax) may be recycled via line 22 such that it enters the interior of lift
pipe 47 for treatment. Treatment gas may also remove catalyst deactivating
species and may act as a lift gas to lift the treated slurry up over and out of the
upper opening 53 and into optional gas disengaging means 26 comprising vessel
8. In gas disengaging means 26 the off-gas produced during treatment escapes
from the treated slurry into collection zone 23 and is removed via gas line 54.

This offgas is consumed as fuel or sent to further processing.

[0022] Disengaged from the offgas, liquid wax and catalyst particles fall into

the bottom portion of vessel 8 as a gas-reduced treated slurry which is in fluid



communi cation with interior treatnent zone 20 of lift pipe 47. Shut-off
valve 19 in transverse portion 43 of conduit 11 allows the treatnent zone
to be isoweatoamossds om reactor 10 if desired. [0021] Thus, RCPAISH/OBIDS
hydrocarbon synthesis slurry 14, conpriging raw |iquid Fischer-Tropsch wax
and catal yst particles disengages fromthe gaseous product and enters
collecting cup 5 via orifice 49 which is in fluid comunication with
conduit 11. After exiting reactor 10, the circulatjing portion  of the

hydr ocar bonosymirtieation siifrupulsssenduip9sna gridicagli Al gaseradueed frgatetl; eat ment
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phase of the circulating portion of hydrocarbon synthesis slurry thereby

produci ng anhuleatpaces3fitieyebetiveen rlaghatporspnradijacenhior agBEacRREe ¢t
particles suspended in purified, liqu

[.d .hyd , L Iy,
hydr ocar bogosguit Qdiis iﬂf@ldﬂ%fmqablﬁfﬁﬁhﬂé gg'*?g a@ﬁ?@ﬁ(’%gt\)@ﬁtﬁoﬁery Tropsch
b l ed via |i ' ' ' flift
bbb 471 ocala i prEHEIes Rt eriao by SRS oI AIeT i ng
SPecl s an%%éd%ﬁfeeﬁshéliééggﬂweﬁﬁd tiehdd b, phsfetabbptststerddumetal partivles. and
er opehl ng and

out of the Into optional gas di sencgﬁtgi ng nmeans 26
g%gv%q@r

conpri si ng gsealslurBy flowsahsoutitserifiedd b dntoehe sntedor hEcet ®auced
during treatnent escapes fromthe treated slurr nto col l.ection zone 23

and i r empeetioohthgapuiifiedliguid wk phss Fajaes W QIS IMSHORITPHER S8 sent 1o
cat al yst  paermenbis wall K3THOATERG BBFT Omiparvaish R pubifgfat Brodtes
gas-t educedls %épea%geﬁ fﬂn‘ﬂrtm tfgg{e?lkhhiﬁ'y 18 if }Bééisé’s through the interior of conduit 9.
Purified wax product is removed from the process via line 15 which, in this
embodiment, is in fluid connection with annular space 33. Treated slurry
remaining in the interior of conduit 9 passes back into hydrocarbon synthesis
reaction zone 17 of reactor 10 via orifice 52. Shutoff valve 67 allows reactor 10

to be isolated from the external units, if necessary, e.g. for separate maintenance

and repair.

[0023]  Any suitable means for separating wax product from a mixture of
liquid wax and catalyst particles is useful for withdrawal of the purified wax
product of the present invention. For example, Figure 2 shows an alternate
embodiment wherein purified wax product may be separated via withdrawal
means 70, such as a filter, located within gas disengaging vessel 8 and removed

via line 72. Like parts are like numbered to those in Figure 1.

[0024] In typical slurry HCS processes which benefit from the present
invention, the mole ratio of the H, to CO is typically about 2.1/1. The slurry

liquid in the reactor comprises the hydrocarbon products produced by the



WO 03/ 006404 PCT/ US02/ 19691 -10 communi cation with tubular conduit 9 via
orifice 31. The gas-reduced treated slurry flows down through tubul ar
condui t 9wprBoosaek w t hdrawal nmeans 30. In this enbodi neRCI/GsX191 hdr awal
means 30 conprises a portion of conduit,.9 which is surrounded and encl osed
by a | arger dianmeter outer conduit 33 d]elfl ning annul ar space 35

t herebetween. In that portion adjacent to annul ar space 35, conduit 9 has
a sem -perneable wall 13 through which Iiquid wax but not catalyst

particl es hpdroeatson sSethesiereaedn conditibng which mr{plulé@tiﬂ@freéctgonf i ne

meshed screen, helically wound threads or, ferably, sintered netal
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as it passS, roug conduit 9. Purified wax product is

removed frchhem%]?m aﬂdsé(pfefbﬂiblﬁc\{% paraffing)ihiaslureybH@s peonessi s in
fluid connection w annul ar space 35. Treated slurry rengini in the

interior otmployinista EatplysbesnpaERg |arSﬂ1§Pﬁ§i§¢ sebalbeemppRedaside, 8¢t i on zone

17 of reactor 10 via orifice 52. Shut alve 67 alk egﬁatﬁégén 0 fto be
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product fr X and catalyst particles is useful for
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exanpl e, o gure ows an ter nate enbodi nment vvherel n purified wax
product mayoRens efanrlyd, respeotivelydr Hoablurmyeupically, costains 3@“&@‘?4&@“"‘

| ocated within gas disen n essel d remmyed
% to 78 . % cata?ys% Isol?dsy more typlcgﬂy flom 3D Wt % to 60 wt. % and in

some embodiments 40 wt. % to 55 wt. % is preferred. While catalyst particle
sizes may broadly range from as small as 1 to as large as 200 microns, a typical
conventional Fe or supported iron catalyst will have a mean particle size of
about 22 microns, while a catalyst comprising a catalytic metal such as cobalt
composited with or supported on titania will typically have a mean particle size

of about 63 microns.

[0025]  The synthesis reaction is carried out under shifting or non-shifting
conditions and preferably under non-shifting conditions in which little or no
water gas shift reaction occurs, particularly when the catalytic metal comprises
Co, Ru or mixture thereof. Suitable Fischer-Tropsch reaction types of catalyst
comprise, for example, one 6r more Group VIII catalytic metals such as Fe, Ni,
Co, Ru and Re. In one embodiment the catalyst comprises catalytically effective
amounts of Co and one or more of Re, Ru, Fe, Ni, Th, Zr, Hf, U, Mg andLaona
suitable inorganic support material, preferably one which comprises one or more
refractory metal oxides. Preferred supports for Co containing catalysts comprise
titania, particularly when employing a slurry HCS process in which higher

molecular weight, primarily paraffinic liquid hydrocarbon products, such as



via line 72. Like parts are |like nunbered to those in Figure 1. [0024] In
typical slurry HCS processes which benefit fromthe present invention, the
nol e ratiwoeB/ooddes H2 to COis typically about 2.1/1. The ®CIrusy2/196bgui d i n
the reactor conprises the hydrocarbon_quducts produced by the WD 03/ 006404
PCT/ US02/ 19691 -11 hydrocarbon synthesi’s reaction conditions which are
liquid at the reaction conditions. The tenperature and pressure in the
slurry can vary widely depending on the particul ar catalyst used and
product s - depichedTropeph wwixes arndisitiedn T ssfinleestalysis pdtheIRPEFRA & OTbRC

hydr ocar bons conpri sing predom nantly Fi scher-Tropsc X8S rably
d o+ par af kiown and iHusfrafive, bpjeo F@Eﬁ%exaé?v@%maﬁ@’ea{%&lg@afvs&c rlr%’rllisi ng a
supported t i.NC f ArPLAK §94. Pressures
and hour |y Chaet it SBe RO PO o34 T B Bp%) ST IR B84 E0°F
80- 600 psi and 100-40,000 V/hr/V, expressed as standard vol unes of the

gaseous CO and H2 mixture (150 C., 1 atm per hour per vol une of tgat al yst,

respectivelgg2gihe The!femiotal pif daplyities fitoan egctlating dydracarpomtiquidinitBe 7o wt |
% cat al yst "sol i'ds, nore typically from30 w. %t.o0 go W . %arlg ! e?oma
enbodi ment pref@niinvention peaces is demengirableby siaswing STereRrs T BEIYE
sizes may broadly range, from_as,s | a ] ns, a
typical ~ceoh ﬁélﬁﬁeleéﬁﬁ’rp“lf@eé F%&?ﬁ%ﬁéﬁpﬁcﬁo‘&a% g{agfril g?hgf I}Pé% g%/%t(? ﬁggn
particle size of. . a ] | & yoératinomiods aigl m x£at al ytic
nmet al sucheéger’&%lt}ﬁffa?&%}é‘to%gg% ?’glgﬂ\?\nu%%éraﬁggﬁ)%%%tedﬁ org tlgfngni a wll

typical l'y haye,arigeinia! iAlgouphzeutiab anblysis E>lefiny and oxy garts inhe

synthesis reaction IS carried out under shifting or non-shiftin
condi t i ons Faghep/Rebpscibwyx pratbrct r'tﬂ)d;ifﬁﬁlﬂlt,tlnﬁgrngmcfrpgquayisbps\meg%hpﬂq le or
" to be a viable analytical technique. Inthe examples that follow, esters were
selected for measurement since they are typically the most difficult molecules to
hydrogenate relative to the other species (e.g., acids or olefins) in Fischer-
Tropsch wax. Using infrared spectroscopy, the average ester content of wax
taken from the synthesis zone of a Fischer-Tropsch reactor with external
continuous hydrogen treatment capability was determined with and without

external continuous hydrogen treatment in operation.

[0027] Example No. 1: Synthesis of the Fischer-Tropsch wax without
external continuous hydrogen treatment

[0028] A mixture of hydrogen and carbon monoxide synthesis gas
(H,:C0O=2.1:1) was converted to heavy paraffins in the slurry bubble column
reactor vessel of a multi vessel HCS unit with treatment means to remove
catalyst de-activating species from circulating slurry similar that that disclosed
by Hsia in U.S. Patent No. 5,260,239. The catalyst utilized was a titania
supported cobalt rhenium catalyst similar to that described in U.S. Patent No.
4,568,663. The reaction was conducted at 210 °C and 275 psia. The feed was

introduced at a linear velocity of 16.7 cm/sec. The CO conversion was 50



wat er gas shift reaction occurs, particularly when the catal ytic netal
conprises Co, Ru or mxture thereof. Suitable Fischer-Tropsch reaction
types of wetodloyav4 conprise, for exanple, one or nore G olrgTNISDY/1%®at al ytic
netals such as Fe, Ni, Co, Ru and Re. 43 _one enbodi nent the catal yst
conprises catalytically effective anmpunfs of Co and one or nore of Re, Ru,
Fe, Ni, Th, Zr, Hf, U M and La on a suitable inorganic support material,

preferably one which conprises one or more refractor. oxi des.
Pref erred” speppentt sHydroges wamingioduaed ababauf 40st Lgegg?iﬁgnﬁaa}tm%

et gt . pri BRI ot b Y e s RaR AR Yol B E Rl o

03/ 006404 PCT/ LSO s j r i i 4 ul
catalysts YRLAPIpPRSing e sEAGBES ERRIE A PEeRLRnE AP dLTthic e

nonl i mi ti ng,fxepBiafve Wy FkeeidTrdpech auaripbma,the peactbrSyvaPatthdiNoyn and
4,568, 663; 4,663,305, 4,542,122; 4,621,072 and 5, 545, 674. [0026! The
renoval of anmbyued: Ths averapesstarwontantgwhichreflaets dhe PXygAnats pontaRt ohiigsent
invention process is denonstrable by nmeasuring differences in the |evels
of sel ect edWElh;plQr’ShPW@smirJFﬁ d WTropsch wax drawn froma HCS reactor with
external treatnent nmeans when such neans are in an operating node and in a
non- operati ng node. Although routine analysis of olefins and oxygenates in
the Fischer-Tropsch wax product is difficult, infrared spectroscopy has
been shown to be a viable analytical technique. In the exanples that
follow, estgueoyer ExasepleN@q:f SynthesiswfeheFischendeonsehyvay withygxtemsel y t he
nost diffi Cbﬂrﬁidﬂ&h@?’xyhﬁfge&lqwﬁﬁféh@genat e relative to the other species
(e.g., acids or olefrns)"i1n Fischer- Tropsch wax. Using infrared
spectroscopy, the average ester content of wax taken fromthe synthesis
zone of a F[(ﬁBIG?r - TR CondRRHs@imitat to thoseimBkample 1, the slurry conduit

valve was placed in an open position thus enabling the continuous external
hydrogen treatment capabilities of the reactor. Hydrogen gas was introduced
into the treatment zone at about 90 standard liters (15° C., 1 atm) per minute and
the resulting average ester content of the Fischer-Tropsch wax withdrawn from

the reactor was determined. The results are listed in Table 1.

Table 1
Example External Continuous Average Ester Content
Hydrogen Treatment Means
No. 1 Off 3.5 pmoles/gram-wax
No. 2 On 0.50 pmoles/gram-wax

[0031] From the results recorded in Table 1, it is observed that the ester
content of the wax decreased when the external continuous hydrogen treatment

means was operating, thus demonstrating direct purification of the circulating



continuous hydrogen treatnent capability was determ ned with and w thout
external continuous hydrogen treatnent in operation. [0027] Exanple No. 1:
Synt hesi swofo3wb@odi scher - Tropsch wax w t hout external coRCIrAseus6hlydr ogen
treatment [0028] A m xture of hydrogen_apd carbon nonoxi de synthesis gas
(H2: CO=2. 1: 1) was converted to heavy paraffins in the slurry bubble
colum reactor vessel of a nmulti vessel HCS unit with treatnment neans to
renove catalyst de-activating species fromcirculating sluryy simlar that
that di scl shoty coptaiging Rischer-dropaghewyex M&l.lclswzsﬁ}%@a r iyaﬁf%itnt]hﬁti lized
was a titania supported cobalt rheniumcatalyst simlar to that described
in U S Patté#ONo. 4,568,663. The reaction was conducted at 210 C and 275
psia. The feed was introduced at a |linear velocity of 16.7 cm sec. The CO
conversion was 50 WD 03/006404 PCT/ US02/ 19691 -13 percent. Hydrogen was

i ntroduced Jet)s oult 4 QnILAREIRT that vhd6Es ¢ther Enbodinaénty ang enodificatiens ifihe
system provided a slurry conduit val ve which was in a cl osed osition,

thus pl aci nhe presticearttbe inveativnrwidl bagpirasersrios anshearshe readpanada bes in a
non- operati ve nmode. Fischer-Tr opsah Wax Bi_rpom the r eacftﬁﬁr .was . .w t hdrawn and

anal yzed. ThesaskiHedin the ait vatouk deparfing from drg 36apS QLiRe JNFILNT: ¢ cont ent

of the wax, is, show in, Tabl. | : ﬁﬁ@ : hesi s of

the Fi scherde??%]ﬂ _ ?l_ NE %ﬁ_ctoﬁ(hg%fyé?ﬁg?l% %:%_%I?(?egﬂutgl% ygrggglggﬂt?ercelg%@r%nt _

[0030] Undeg, %ﬁgé’d heRBS be 1iMtAT td Be RS dsBrifieBéiefoth dbdeeshutratheg ondui t

val ve was p Rced 1 n an open position thus enabling the continuous external

hydr ogen t rifat tiedlaigansbidnstived asfentompassing ol of Kyeifeatoas ghpatgatablat r oduced
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.



into the treatnent zone at about 90 standard liters (15 C., 1 atm per
mnute and the resulting average ester content of the Fischer-Tropsch wax
wi t hdr awrwbroatweddhe reactor was determ ned. The results aP€TIiser/eddi n Tabl e
1. Table 1 Exanple External Continuous Ayerage Ester Content Hydrogen
Treatnment Means No. 1 OFf 3.5 noles/gramrwax No. 2 On 0.50 nol es/ gram wax
[0031] Fromthe results recorded in Table 1, it is observed that the ester
content of the wax decreased when the external continuous hydrogen
treatment @EBAIMSvas operating, thus denonstrating direct purification of
the circul ati ng WO 03/ 006404 PCT/US02/19691 -14 slurry containing

Fi scher-Tropsch wax which was then drawn directly fromthe reactor. [0032]

It is understood,that ,variou . f&’q%ﬁé%ﬂ]i i @2&1 s in the

practice of the }'nventA‘iQfﬁcsﬁslsfPQE%%ngar en{ to,ysdarggé}ggﬁ%%l eagie?y made by,

t hose skil I(g(gl\}'%ﬂsikge art without departing fromthe scope of the invention
ove.

descri bed a cordingly, it is not intended that the scope of the
clainms appended hereto be limted to the exact description set forth

above, but rather that the clains _be construed,Las enconpassin of the
features of patentabl &) reapéng ¢ Smﬂ’@ﬁlslgé§icaglﬂrﬁlll%\%“t}?‘@ggr??ﬁ2r?g’éﬁ¢bolﬁ‘,
including all the featwures..and, . enbodi pent | reated as

equi val ent sthepseseace i a5 P%‘IHCP[%EQWOC %@@W&%%l %ll?{gti {l{leaei nvention
pertains. Vﬁ%/(ﬂ%{:gr%%ﬁos%mﬁ%{s% Jc%ﬁx%l’ising said catalyst and a hydrocarbon liquid

in a hydrocarbon synthesis zone of a reactor under reaction conditions effective
to form a liquid hydrocarbon wax, said hydrocarbon liquid comprising said

liquid hydrocarbon wax;

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

treatment zone;

(c) contacting said portion of said hydrocarbon synthesis slurry in
said treatment zone with a hydrogen-containing treatment gas to form a treated
slurry, said treated slurry comprising said catalyst particles and a purified
hydrocarbon liquid, said purified hydrocarbon liquid comprising a purified

hydrocarbon wax; and,

(d) introducing said treated slurry to wax withdrawal means for

separation and withdrawal of a portion of said purified hydrocarbon wax from

said treated slurry.

2. The process of claim 1 further including the step of re-introducing

said treated slurry into said hydrocarbon synthesis zone.



-15- CLAIMS: 1. A process for formng a purified hydrocarbon wax product
conprising (a) reacting a synthesis gas conprising a mxture of H2 and CO
in the pwesagnedodf a solid, particulate hydrocarbon synt ReEFIGSozateal yst in
a hydrocarbon synthesis slurry conpri s_ilgsg_ said catal yst and a hydrocarbon
liquid in a hydrocarbon synthesis zone 0Of a reactor under reaction
conditions effective to forma liquid hydrocarbon wax, said hydrocarbon
l'iquid conprising said |iquid hydrocarbon wax; (b) .introducing a, portion
of said hydrocarbon s{hepeedess of claim k durhen ingldieg theser of mérodisiftgct i ng
said portion, of said _hydrocarhon synthesis slurry.in .said t.r.eatnment zone
with & hydr S4Q ieati SPgy e &F g%%@?r&#“%%%ﬁ@ infodiifngsaid it o d
treated slurr Q { SJ 534 t particles and a purified

hydr ocar bonSIPﬁH&P%{igjlag%%ﬁrgwgd %%/%Srg'ocar bon liquid conprising a purified
hydr ocar bon wax; and, (d) introducing said treated slurry to wax w t hdrawal
means for separation and withdrawal of a portion of said purified

hydr ocar bon wax f#ir om Thaipdoteseatentdiigtorglain® 1 Wierejr sié sreabnens| zonmand
further including the step of re-intro ing,  said treated slurry into said

duci
hydr ocar bonsai¢ Wwatewithdpasy meqpsase ouned tpEgIdJsao01o691 - 16 3. The process
of claim1, further including the step of introducing

5. The process according to claim 1 wherein said wax withdrawal
means comprises a tubular filter member surrounded by a larger diameter outer
member forming an annular space therebetween, wherein said filter member has
a semi-permeable wall that is permeable to said purified hydrocarbon wax and

impermeable to said catalyst.

6. The process of claim 5 wherein said semi-permeable wall

comprises sintered metal.

7. The process of claim 1 wherein said catalyst comprises a supported
Group VIII metal.

8. The process of claim 7 wherein said metal comprises cobalt.

9. The process of claim 8 wherein said support material includes
titania.

10. A hydrocarbon wax produced by the process of claim 1.

11. A hydrocarbon wax produced by the process of claim 3.

12. A hydrocarbon wax produced by the process of claim 7.



said treated slurry to gas di sengagi ng neans prior to introducing said
treated slurry to said wax w thdrawal neans. 4. The process according to
claim 1l vwWNeroglops4sai d treat ment zone and said wax w t hdr aRgll/useznsIar e
external to said reactor. 5. The processjaccording to claim1 wherein said
wax W thdrawal neans conprises a tubular filter nmenber surrounded by a

| arger di anmeter outer nenber form ng an annul ar space therebet ween,
wherein said filter nenber has a sem -perneable wall that is perneable to
said purified hydrocarbon wax and inperneable to said catalyst. 6. The

Teral. 7. The prddess EyBIGRRYor R PRFER Yt Bboset SRR T e 4 °

supported Goup VIII metal. 8. The process of claim7 wherein said netal
conprises cobalt. 9. The process of claim8 wherein said support materi al
includes titania. 10. A hydrocarbon wax produced by the process of claim
1. 11. A hydrocarbon wax produced by the process of claim3. 12. A

hydr ocar bon wax produced by the process of claim7. WO 03/006404

PCT/ US02/ 19691 -17 13. A hydrocarbon wax produced by the process of claim
9.




