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SYNTHESI S GAS, AND CATALYSTS THEREFOR Thi s invention rel ates to a process

for producing hyd m a synt hesi s gas, and to cat o1 -9N n
relates in parti cmﬂmmﬁmmuMFhod of treating a catal yst suppor o fort

nodi fied cataly dified catal yst support thus forned, to a
nmet hod of form ng a cal 6I“’yst fromthe nodified catal yst support, to a
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there is provided a net hod ANDICATALYSTES TREREPORSuUpport, which net hod
conprises introducing onto and/or into an untreated particul ate catal yst

support selected fromthe group consisting of alum na (A1203), ti tani a
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catal ys upport onen ein résen

modi fyi optaired| ysta preeess f@arplrmducmsg hydrbdmbpast ianide te Unyidroerbbsis bibiusg
chem cal | boHded to the particle surfaces. The nodi fying conponent is thus
present P"Y4HCHe nodified catal yst support particles, on the particle
surfaces, ie the nodifying conponent is chemcally bonded to the particle
surfaces. For exanple, the nodifying conponent nay be chemically bonded to
OH (hydMEyrdyng)tma)flrehaspbm:tsﬂlnhe)rimvaﬂiohaﬂ'a'eos provideda hethoat ofotneatingsai net
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parti al sol ubl e 1h an aqueous acid solution and/or 1h a neutral agueous
sol uti ohtanméﬁlazh@r@amwe&asm@ﬁ) tSii ZraCumdina Nm1Ba3Lo, MNivarsijon balas a 2 s
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is a spray-dried alum na support. Simlarly, when the catal yst sug port is
titani afrom d2minutaytoshihotrs, dotahitaini a protestyd mgiied catmyshaumprtnw \eheis be
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and/ or igBlutiohheharatrd matreawao@éﬁalyﬁmsupa@huelmthcm@t ﬁ%ﬁf?@gac&ﬁgéhlémobelﬁb t he
nodi fyi ng conponent with the catal yst support, for exa nmeans, of
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silane ('T or tetra nethoxy silané When a silicon-based
modi fyi pgrttmﬂrmmﬁaclesm doarr esamipte, uthed mmdnfynam mmmmmtcmaan pet chemically, it

may the ed uant i t uch .that the silicon |eve t he..resuyl t ant
or ot ect DgRfitite: ok edtpSk arathalons the PReELSMaSeE o5 Ve, BRropaRtER il o
nanonet gpired strictursy WRRtes s@ppdrt.esh support, preferably at [east O, 13 Si
atons per square nanoneter of the fresh support, and nore preferably at

| east 0,26 Si atoms per square nanorret er of the fresh support. The upper
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2 0 SEP 2002 South African Patent No. 9612759, which is hence

I ncorporated herein by reference thereto. Additionally, if an 2)11)} @Eﬁvggg
to obtain, fromthe protected nodified“catal yst support, a catal yst having
a conposition of 30g Co/100g Al 203, the untreated Al 203 catal yst support,

and al so the protected nodified catalyst support, must have a pore vol une
of at | ak&ning AdR7)gSURROTHIGA®JBcRIMERlel M usedwi thierr examplee dheoalvatng 2.
The uppgf .14 f AV n h
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whi ch the support acidity becomes unacceptabl e. Thus, when spray-dried
Pural ox SCCa 51 150 (trademark) alumna is used as the untreated or fresh
catal ys i ke iStdd LY I or is
iecd sucheHREOAuoTt bf e fitaifird EoipBABRLoMR phaof dne R CARlysE SaROR

nmodi f i ethayaingludst centapting d presds@i ohthereioditying comeminenhiwithy the catabystt |

preferably 2.5 Si atoms/pne_of fresh catalyst su rt. lnstead, when
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of ca 0,5m/g |an€;; ng an average pore dianeter of ca 13 nm, then the
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1: Chargacteri fki i1icon nodified supports Silicon |evel ofB.E T.
deri vedgéegﬁeﬂ]’i %@d/ﬁ% l"%rbdi fi ed andnodi fi edcal ci ned Al 203and cal ci ned

Al 203Por e vol unmeSurface areaAverage pore(Si atons/nnR of

freshdi anet er sugpo_rt) (m/ %2 (nm2/g)(nm 10, 48155132, 50, 48158122, 80, 44162117, 00
, 391571010ngoembodirent of We-invention, theenegitying comnanesh REesHISAhMt Bgent
may be di ed.i Ny ele ' | pi AR ani c
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solution,to forma treatment m xture. The tr m xture be .
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t he nod'(-ﬁ-)(/i@g-)_agent into and/ or onto the catal yst support. The el evated
t enperature :

When a silicon-based modifying component precursor is used with an alumina
catalyst support, it may then be used in a quantity such that the silicon level in the
resultant protected modified catalyst support is at least 0,06 Si atoms per square
nanometer of the untreated or fresh support, preferably at least 0,13 Si atoms per
square nanometer of the fresh support, and more preferably at least 0,26 Si atoms

per square nanometer of the fresh support.

The upper limit of the modifying component, eg silicon, in the protected modified
catalyst support may be set by parameters such as the degree of acidity imparted to
the support by the modifying component and/or the porosity of the protected
modified catalyst support and/or by the average pore diameter of the protected
modified catalyst support. Preferably, the average pore diameter of the protected

modified catalyst support as hereinafter described is at least 12nm, as disclosed in



may be at or near the boiling point of the inpregnation solvent. The

| npregnation my be effected at atnospheric pressure, and the period of
time for which the inpregnation is efféected may be from1l m'th@ SEF%(ZU[]Z
hours, preferably from1 mnute to 5 hours. The excess sol vent or sol ution

may then be renoved, to obtain nodi fi.ed catal yst su rt. The renoval of
the excoouth A gaterwqjﬁ%%ﬁa%wmh& ebce indaraerated %&wnrﬁyomef@r,e@feto 1
bar (abs PABS; iy b ' 6L ; 0l to
0.1 bar {1510 PARGRE . FPLORHES s RitER, Rork fld protBtBaRhFA R Rataifbt
eg usi nEubpmwna «hata}ystd'cawinyrﬁrdon;]ﬁdsri]tlcﬂ'dofrl]\/ﬁﬂb GF]O/M)&? I#gzcot#\glh@?zmtmatbd)mz@ai ﬁh
the jacket t erature, i s thus higher thar e solvent boiling point. The
met hod Pﬁ@yﬁ?gﬁpaaesa@%ﬁ' onﬁhﬁgorpif’ect%q' m%ﬁﬁﬁ%ﬁ@iﬁiSHap%dmvﬁbga&%@angret |
SUPPOT t yofnd Bk 2itphdtco AR o/t o ARELLIARA nERAbIE! WRHRBRIbNcd 16 Fatigizal | on
of the nodified 5~ ~ ~ ~ ~~t1' ~ catal yst support may be effected
at a t eifperunper dinfitr afithe 30adifyoin® 80Mponedt, fay Sk ipthe prbtedted moodifieth catalysi 4

hours. Cal cinati,on after su rt di fication i,s, necessary to,deconpose
or gani ¢ SgPeoIes e RobEiseldled in st eckelnehdt i Sl o 17 SRRz e
cal ci nappp diametéraBnBepBRistyNA he ipbledtdd adifibyl Stataf/st tdippardiid i st
support after cal cination.
detrimentally effected to an appreciable extent. If the support acidity is negatively
influenced by the modifying component, eg as may be the case when silicon is used
as the modifying component, then the upper limit of the modifying component in the
protected modified support can, instead, be set by the modifying component level at

which the support acidity becomes unacceptable.

Thus, when spray-dried Puralox SCCa 5/150 (trademark) alumina is used as the
untreated or fresh catalyst support, sufficient silicon-based modifying component
precursor is used such that the upper limit of silicon in the resultant protected
modified catalyst support is 2,8 Si atoms/nm? of fresh catalyst support, preferably
2,5 Si atoms/nm? of fresh catalyst support.

Instead, when spray-dried Puralox SCCa 5/150 (trademark) alumina is used as the
untreated catalyst support (ie having a surface area of ca 150m2/g and a pore
volume of ca 0,5m /g implying an average pore diameter of ca 13 nm), then the

maximum level of silicon may be set in accordance with Table 1.



I n anot her enbodi nent of the invention, the nodifying conponent precursor
may be an inorgani c cobalt conmpound so that the nodifying co n j
cobalt (Co). The inorganic cobalt corrpﬁund, when used, may bgﬁoﬁp 50[]?
nitrate (Co (N03)2). The inorganic cobalt conpound may be dissolved in an

i npregnation solvent, which is typically water or an or gani ¢ sol vent
capabl e of di ssol ui he Chasagcteristiosef slliconsmedifigd SMDROAS| | acet one or
propanol . The catal yst support nay be adm xed with the resultant sol ution
to forma treatnent mixture. The treatnent m xture nmay be nmmintained at an
el evat iBHREr aldyet T Oobf ARPEM. ed i i di fyi ng agent
into a or onto the catalyst support. “The eI evated tenperatyire may be at
or near| modifledi | i ng poi nt | chlcines AxPsegnati on sol vent. The i fpregnati on may
be effecte ‘t %ﬂ?@@he“ t pressure, and the period of time ffor which the

i mpr egnp® falcin fed fay be from1 mnute to 20 hours, pieferably from

1 mnutje to 5 hours. The eXREYoRMMY §BuPiceSAdal | AlerZRE M@{e removed, to

obtain [p nodified catal ysf{ support. The renoval lof thé excesg$ sol vent or
sol uti n(&m}orlne/reﬂ?feﬁ:ﬂresh under a vacyum pr ef er aptligmetetacuumjof 0,01 to 1
bar(a),| nore preferably 0| 0,1 4 2233 and ja tenperature equal to
t he boi ?"r‘v%ood'@i nt of the <g 2t eg 35"5 known ma)er equi pfrent, fitted
Wi th a |Xing device, and|efg g\lmch tHeigmcket tempgrature |%‘ thus hi gher
t
p

than thle_sol vent boiling point. As hareinbefore described e met hod

i ncl udefs2@&al ci ni ng the cob@l48 based n'o‘di&i ed cat aﬂgzst supporf, to obtain
t he pro ect-ed—rdi-H-ed—eatalyst—suppar Fre—cad . .m -or—ef—{ he nodi fied
catal ys -‘sBUpport may be ef }be‘ged at 3 {%peratur rom 600C o 800C, and
for a peY gPd of from I ho C% 4 hour[s{gp ensure| §pe fornatign of a
relativigly water insol ublx Al _spingt Tayer uniformly coveriing the total
suppor t| $48f ace area. 612),258 EP 2+4~238 n yet an®t her enbodifnment of the
inventijpn, the nodifying conponent prlecursor mayl be an grganilc zirconi um
conpound so that the nodifying conponent is zirconium (Zr). The contacting
of the precursor and the calcination of the nodified catal yst support may
then be effected in simlar fashion to the contacting and cal ci nation

her ei nb r tm f on
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met hod whld’rensaltymeﬂllyr an otygamcbs@ivewtccap@blagoft dissolyingotie aﬁlpentcomﬂpmmd

i nvention, ther pro i ded a neth form L. ch hod
conpr | s 8UChia, FpanSh HSBEICAr RETATEL T GRG0 SuppoRy Y e pdiset Bk
descri besk eduhan® séﬁ]li%ﬂut% ﬁﬁhﬂhItﬁébtﬁfen@@mﬁ&trbvem@wambnpmmgremawbel ts
precursor, to forma slurry regnating the protected nodifi

cat al ysmaiotainad aki am Qlﬁ@atedttampefa weykr aopgrineef tine; t%lrpp@gmaé@rthet 0

i 11 at o pRiskPapnt o Rt o oft fie Seucl TGRS, TRk CRB ool | -
catal ysima fbédt&irtneaThheSbmmﬁg poimyf the itpregratiehcsaiveres cThé ddprdghatibnni na.
The nmethod of forming the catalyst may be in accordanr%g wth th t, descri bed

in Sout May lbiecﬁffﬁéﬁén@t RH“OW@PSQ"%WE% aad tthgsPeRRG Otfr’ggefgr igh thgy
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conponent or its precursor aqueous solutio
i mpr egndd iShdounsy Thenexcess samlb;efrttomgolatlelh unay tbént be reetaveds tto saldpior &8 or

b at S AR ADO e iandvel TR Prmss ol SN Gresd b
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dried inpregnated carrier, to obtain the Fischer-Tropsch catalyst in
unr educ éa))f mone preiferabty 8lictecO dehax(a)s and [ab teropetaturecequn) to ghavbsiiod podd wit h

1 59,4 bed 961 2759 , _
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The method thus includes calcining the silicon-containing modified catalyst support,

to obtain the protected modified catalyst support. The calcination of the modified



7 2 0 S E P 2002 and calcination of the active catal yst conponent
precursor, in which the carrier or support is alumna, is fqllowe t hen

"

wat er washing of the resultant catalyst is not required. Thus, 'frh.;a?ﬂrmt
stage or step, if it is assunmed that the BET pore volune of the alum na
support is x m/g, and that y kg of the support is to be inpregnated, the
f ol | owi Agtalysd sepped ray |beeef§etmé3 mt@t&mperpﬁlggrfa@mo«iﬁm@ltcsQgBmgand for a
Co(N03) 2, 6H20 s djssolyed .in distilled water, aimng for a final volune of
>Xy, pr 8?@?%8(!7051(1'?‘OW%/Org.hof'ﬁ?'s solution is added to a vacuumdrier, and
heated to a tenperature between 60 and 95C. To this solution, the total

i nventory of y kg support material is added at atnospheric pressure whil st
cont i nub@cinatignmgfter stppod| mpedificationnds MegeRsary ©gdegompase asganis JraUesnal

of vacudly eyt BeiflcRR IRetPEIDEL AR ontfhiaRd CHRBs R Bine R R | e

| oss onobgamdd by irfta-fed analgsistof e afodifieal slippory after caldination.(over 3 (or
nore) hours) from >(136,4x)/ (1 +1,86x), preferably (236, 4x)/(1 +1, 86x)
mass % to the state of incipient wetness. Loss on ignition (L.O1.) is

defi ned i r: i "%H(]B* ' | i l ete
decorrpolsr??p%{rﬁ'%{ %ﬂ@%@? % @g@%l ﬁ%&tﬂ)gir; é@%al yﬁg"@?éﬁg rﬁgeg';lsgﬂm@;) at

t hehcobahﬂnmgaqi(ambahad:o?r?lpdl)unaﬂ :savthzéi thteanbhifyipgrae:;;\nhpﬂndrhés LORAIB (Goppdhe

wi t hout .t he occurrence o ocal i zed saturation, ich results.in premature
cryst al INMOFaRME Gobplt ammaung: Whspdises; maybe pabdlt BRI C B {NRe ket ness
(L.O1. of (136,4x)/(1 +1,86x)), maxi mum vacuum (<20 kPa(a)) shoul d be
applied whilst ensuring that the bed tenperature does not drop bel ow 60C
under cdheiinorgagintcoialycoronoend maybea gisselveadini @1 inpregoaties solvent,bakich

f aohi on's NRGAIT)AEH BF o SaRic SRLENE Bt o Hisofng ot SRl S¥BsSing,g
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conditions should be maintained until a L.OI. of the L.O|. value at
i nci pi ethe vggullest sahdiopdenformag Heaptment mixture. The treatment mixture may be

maintained at an elevated temperature for a period of time to impregnate the
modifying agent into and/or onto the catalyst support. The elevated temperature
may be at or near the boiling point of the impregnation solvent. The impregnation
may be effected at atmospheric pressure, and the period of time for which the
impregnation is effected may be from 1 minute to 20 hours, preferably from 1 minute
to 5 hours. The excess solvent or solution may then be removed, to obtain a
modified catalyst support. The removal of the excess solvent or solution may be
effected under a vacuum, preferably a vacuum of 0,01 to 1 bar(a), more preferably
0,01 to 0,1 bar(a), and at a temperature equal to the boiling point of the solvent, eg
using known drier equipment, fitted with a mixing device, and of which the jacket
temperature is thus higher than the solvent boiling point.

As hereinbefore described, the method includes calcining the cobalt-based modified
catalyst support, to obtain the protected modified catalyst support. The calcination
of the modified catalyst support may be effected at a temperature from 600°C to
800°C, and for a period of from 1 hour to 4 hours to ensure the formation of a
relatively water insoluble CoAl spinel layer uniformly covering the total support

surface area.



Direct calcination of this dried material in a fluidized bed, or a rotary
kil n, calciner at 200-300C (ideally 250C) is then preferabl n
second stage or step, if it is assumed®that the BET pore voﬂjﬁ;sﬁptezgn?
first stage calcined material is x"mlg, and that y'kg of this material is
to be inpregnated for a second tine, the follow ng procedure will ensure
proper inpregnation: A maxi mum of (1,82x'y"') kg Co(NO3)2. 6H20 can be added
during this second inpregnati but .this may exceed the ained for caobalt
| oadi ngoreAoBas arpBofaiardns intEnyb. b ModBYRE EomsNs ERieisior f8Vpor o
vol une @b 4hergdré tireenith? @3rigoting §6 tEat theNfhddifgingBedibohent B ArddnfurAobal t

| oading to be associated with a two-step inpregnation procedure: TARl G 7
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" or cona Bt afls 464 13 Beeed) HoboMar 385 Ron R, Eehialtiod BiSbabheben o
Co/ 1009 h&teiRgsfofe’ d8sdritibddor I aotd R Adifgingcotapdrmdrit00g Al 2030, 4531, 69
Co/ 100g Al 2030, 4430, 8g Co/ 100g Al 2030, 4330, 1 g Co/ 100g Al 2030, 4229, 3g

Co/ 100g Al 2030, 4128, 6g Co/ 100g Al 2030, 4027,8g Co/ 100g AlI203 9 2 ~SEP
~nn2 The invention extends to a protected modified catalyst support, when obtained by

Q

the method as hereinbefore described.

According to a second aspect of the invention, there is provided a method of forming
a catalyst, which method comprises mixing a protected modified catalyst support as
hereinbefore described with an aqueous solution of an active catalyst component or
its precursor, to form a slurry, and impregnating the protected modified catalyst

support with the active catalyst component or its precursor, to form the catalyst.

The active catalyst component precursor may be cobalt nitrate (Co(NO3);) so that
the active catalyst component in and on the catalyst is cobalt. The support may, as
hereinbefore described, be alumina.

The method of forming the catalyst may be in accordance with that described in
South Africa Patent No. 96/2759 which is thus incorporated herein by reference.
Thus, the mixing of protected modified catalyst support and the active catalyst
component or its precursor aqueous solution, and the impregnating, may comprise
subjecting a slurry of the catalyst support or carrier, water and the active catalyst
component or its precursor to a sub-atmospheric pressure environment, drying the
resultant impregnated carrier under a sub-atmospheric pressure environment, and
calcining the dried impregnated carrier, to obtain the Fischer-Tropsch catalyst in
unreduced form. The unreduced catalyst thus obtained may be washed, eg with
water, as also described in ZA 96/2759, to remove unwanted contaminants.

However, the water washing described in ZA 96/2759 can be omitted, under certain

conditions. For example, if the following two-stage cobalt slurry phase impregnation



If the objective is a final catalyst of conposition 30g Co/100g Al 203, the
starting Al 203 support nust have a pore volunme > 0,43m/g. |If, however, the
pore volume is larger than 0,43nml/g, the estimated anmount of (1,82x'y')kg
Co(N03) 2. 6H20 shoul d be adjusted in order to ensure the desir

conposition. This anpbunt of Co(N03)2.6H20 is dissolved in di szcu S@m
ai m ng Bod caldination vbtheractive eatalyst goropenent! gre2urspr, in whiah, thEhcarrieslart i on
is added to a.vacuumdrier, an eated to a, te ature betwe 0 _and 95C.
To. ¢ hi < SubporE S ATLITRE: 13 Folionst A WAtet SsniBF Uik St et eyl ot 1 o

i s addegsdiliredf Mospheric pressure, whilst continuous mxing of the slurry is
mai nt ai ned, eg by neans of an internal rotating screwin a conical type
vacuumdrier. Wth the gradual application of vacuum under continuous

m Xxi ng a tenpgrature between.60.and 95C . t.h , cont ent of

ol urry ThuBCl AR svege 3 oo SRy e BecBEToROR, SPhth et iBeness.
As st at glirlifaeduppIrPIsex rhifg,Sald A4ty kdr §f fHe BUPSEEUS ¢o TS ihBeghBdd, tthe
cobalt is quantitatively drawn into the pores of the support materi al

wi t hout fallewing progeshice Wit engigalnroper isxragadtiasi, which results in premature
crystallization of cobalt nitrate. At the stage of incipient wetness,

maxi mum vacuum ( <20kPa(a)) shoul d be applied whil st sinultaneously ensuring
that the bed(1,62rEkat CofNOHSSHIOtisddiesolbed dw diftliadn daters Giininy dors anfinaing.
Once the stage of inciplient wetness has_been reached, vacuum dryi ng should
proceed in aNOWHi'QlPE?XmﬂFGEﬁrﬁB@@Wn!'trﬁdéré'l'f’r §°'§i'°ﬂﬂr%a€6ﬂ@it@iao‘f%quu% @e(:but
not hi gher t VAC I nger ese
specific congﬁpi%%gé%B%gﬁ%ﬁlg}eé%ng%%r%d%oﬁ%ﬁ)gg @.‘ W*ﬁéébw@ ﬂ%etoﬁao. l.
val ue at i ncirpieptdryvest y smh;?mrbaﬁterialatshaddediatextmosphe'rieqdrégswefwhhéts
dried material in a fluidized bed, or a rotary kiln, calciner at 200-300C
(i deal |'y 250epntiruquse mixpgrel e lusns iscmaintaingd; ey bwneans ¢f avdpternal ¢ he
two abovenent. L1 atay; : ubl e
precar sor  sal¢t20Fe spte it ek HRee AR UREREW RN hial abBi GlioR e

, 20(~~ of enkaogumguhdier catintiols Inmikingadt 4 teenperatre bxtween 60tandlBs°Crhe
proportion of this dopant, when used, to cobalt may be between 0, 01l: 100 and
0, 3:100. AccHs§i 88 'QB't'Qnt@-i-@d-)a%Qﬁ@Bt of theesluriy dntreduced Keyer Bs(oprmoidded a

t hod of f ' I ' t j ' '
Step. i ssol o FoBbs Ot o, e ERo%E wBTeraRIT 2R g haskt %l
of a protect ¢k state bf etipiéntweinesat dlogs bnsgpition (L £2.¢.p iddefindcoatize madsi n
m / dyi he t ot al .of th t to he i ted in kg, .
suf fi oi ent credoss BRSSREdrITTEHORRRIOTE RETGNAHAN. Vo CHEPIE AREOTIBPSR PB! s
>xy litre; herippaLbli S THM Wrallal Ariing CPRREALIE Corltiré® ethaPthdneoBalt is

adding to this solutiron the Total inventory of y kg support material at
at nospheri ¢ puebtativelytdrawn ictorthemoses ofitha AgOosupprrt withoul/thesogairiensened;

reduci ng, w th the. ar,adual .application pf .vac nder_,cont.i nuo m_xi n
[ aCt oomer ol eOTizBHo sk RRR aBE RBHES 1 SRt st R R B SooBalh o
of the slurrwyjtrfager 3 or nore hours, from >(136.4x)/(1+1.86x) nass %to a

state of incipient wetness, with loss onignition (L.O1.) being defined as
the mass % | oss observed during conplete calcination or conplete

deconposi ti on,t / Al " L0g, mak it £ LA € ess
(LoaPoor e SR g pichieRPRldtt (20,1 1 BB S ed) R RACDD
t he tenperat vaeudine$<20t kBa@)) eHould 60 appliod oeimitst nenswwring Xhay; thenbedt he

state of incipient wetness has been reached, proceeding with vacuum drying
in an uni nt efemipeeiuteadped ot §ron Relavs REFei " GOEIpEPHS (RiXiNgs 0BNCEthenot

nder thoee Shs 1t BRRt T MkBles et BB roRUE, Dot B TSHaM,

preferably proceed in an uninterrupted fashion, ideally at the conditions:

>60°C (but not higher than 95°C), and a vacuum
of <20 kPa(a).



i nci pi ent wetness has been reached; then effecting direct calcination of
this dried material at 200C to 300C, and thereafter in the se n%ﬁ age_or
step, it is assunmed that the BET pore §olume of the first stazgl braami S
x'm/g, and that y'kg of this material is to be inpregnated for a second
time, and the follow ng procedure is adopted for proper inpregnation:

usi ng, duri nyacuus deinghondeptheseaspeanific aonditionsishobld( be 8aaintdinekgntil a1 0

~F~ ~~.~~ Co ) H2Q, x' is,the BET pore volyne of the first stage
ool i med nat bkl At g LD Gaiug &t iniibictrwhess bosboenderbhed. st age
calcined material to be inpregnated in kg, dissolving the first stage

cal ci ned materj al i n_suffi ci ent di_ stilled water such that the final volune
of the sol ut Dinect saleinagion| of this driest majeriali in sdfluidized bhed,ason anfedanyt kilre

bet ween 60 and 95C, NG 0.t his Lution the final inventory of y' kg of
Che first st agemeset AR AL S DebelesnBl st | st
continuous m xing of the slurry is maintained; reducing, wth the gradual

application of vacuum under continuous mxing at a tenperature between 60
and 95C|n ehgegond stageodt etep, df ittissassumead, thaiviee BESrporer lumer of theo fitdie

vacuam SPEEXREE aRRLE xR ABAbAEV K8 aral Rpftau® I B meliiatels °
does noford eecdir] e Shie faNSRINGGRBEEAWRUSIIBRSURE pbrapidF Smbhyridtieae of

i nci pi ent wetness has been reached, proceeding with vacuumdrying in an
uni nterrupted fashion, at the conditions: tenperature >60C, but not higher

Sheci 16 conth PeERIHTRA. EZxYRY SouyEhlBrR 6B ng e Alping ik Keehnli oo
wet ness has hagreghatiohebut thig nedy esdcesd the eimedafari Bebaleroadinghbs tHei ed

material at 200C to 300C. The invention extends also to a catal yst, when
obt ai ned by EARI¥EEt ntRPlBF2 Previdas dhe casisdationobetwren e rereyobime wiithes t he
third aspect ; iV eaty Thj t St i 0 and
requires redagrtl"ﬁ) %(I)zrd';;a@?i)lvg?/igg,nQB@#@?ﬁ%#Iﬁ@ﬁ%}@@érbdﬁﬁtgﬂﬁg@%bfg bé
effected by as§gciatedngith & tivo-stepimpregmiationtprocetiuret he i nfl uence of a

reduci ng gas such as hydrogen. According to a fourth aspect of the
invention, there is provided a process for produci ng hydrocarbons, which
includes contacting a synthesis gag|@osprising hydrogen (H2) and carbon
nonoxi de (CO) at an el evated tenperature between 180C and 250C and an

el evated pressure between 10 and 40 bar with a catal yst as herei nbefore

descr i bpg—atte—activatign—or—reduction—thes eof—=tg—abtai=A=—hydrocar bons,
by meaniP8fe avavmer pfpgiarting: sepre™ TNpIEwm alaineble eabathe hydr dgen with
the carpppdmRaI9xiIgs- 12 S E P 2002 catalyst loading during a catalyst
preparation which
is limited to 2 impregnation steps
0,50 35,5g Co/100g Al,O3
0,49 34,7g Co/100g Al,O3
0,48 33,9g Co/100g Al,O3
0,47 33,1g Co/100g Al,O3
0,46 32,4g Co/100g Al,O3
0,45 31,6g Co/100g Al,O3
0,44 30,8g Co/100g AlL,O3
0,43 30,1g Co/100g Al,O3
0,42 29,3g Co/100g Al,O3
0,41 28,69 Co/100g Al,03
0,40 27,8g Co/100g Al,O3




The invention extends also to hydrocarbons, when produced by the process as
her ei nbef ore described. It is known that an al um na supported cobalt based
slurry phase Fischer-Tropsch catal yst Produces a wax product mhen used in a
Fi scher-Tropsch reaction of a synthesis gas, conprising hydrdb Dgon
nonoxi de. Such catal ysts have hitherto preferably been produced by sIu

i npregnation of an alum na support using an agueous cobalt nitrate

Cuppor Telp: PAERGY € e aicCath By BE s Bhition 38bVER obe RLeE: ¥ SdbdL "
sol uti ops0AupportintsPhive %”pdrﬁevd?uM@fD mmnu/gnaf Gwever, %%&@W@ i9f
cobalt ions, re-precipitate as hydrotalcite-Fi ke structures,

CoGAlzdmge}mae MMmJ/gﬂt&estmeprmneumWr(dt&zw kg-Co(REO54. 6H@®Laimldabe

hysi cal | dsor be | oosel onded to,t iqin na surf The
oy mat ; arisfed 1 dgtleRi0 phiib thes dBore Sttt Bobtattiors oo biS maUBR O ar ( or
| npr egn@iol RO, RIGHICES REElidsbRliad, irh SIS WhteP =i FSOH SfifH| lehimBi 6f 3k,
solution, ma ne5| a Wi th an aqueous rutheniumchloride solution and ti tani a

with anpeaferhls 2xlyatlitiumTdns Gelutiensis addeshte @ waewImodriel, andi Beéptﬁéntonenon

Lt o naldRetelils: fetwiednTad Faled 52 10 mip sonifh, fiendtany sy 8P X" g o0

pr obl emﬁéwst saxrgeahbfemameéd@etpat Ql%@dp‘fféhé dpr%mé ﬁhﬁ’sttddhﬁn%@ﬁﬁﬂﬁiﬁg%
untreated supports, are used, as observed during | arger scale pilot plant

synt hesthe sluny, is ingaintainedhcRgs bvmeanegnf aotiaternal gatading ssrewtie aveenipaldypet .

Co h her-T h h

usimg ¢ KECUTBRE e i Stadlel ABPRERgh, LB BRSPS AR,
the mxtéiﬁ@&%&re%%bﬁ'%rﬁ@%% hig L5@0|p6bﬁféb|@bf th@élhﬁ&l i$ rdduced (%K}eF Qr ough
a What mans 42 (trademark) filter paper (hereinafter referred to as "the

filterear morehogz)de th@lstatelfpé ifdipieet watngss: YAs @atamlgersinherfqra, s @gamalon of

cobalt - AITEPEAAPE SRRRR hat il B B RRIER RslarTild faditity R

st r uct usgpport haakeriab hvtHoue theoss@lreritende doddlideat edtardtion|, ivisich tregaltsirigs can
di sl odge during extended runs and contam nate the wax product with cobalt

ri ch ul Prematuse srystajlization afxobal nifratep ano2 fines, of subnicron nature,
exit the reactor in the waxy hydrocarbon product. Due to the high cost of
cobalt, this is a highly undesirable problemwhich has thus been sol ved, or

at | easit thé etagat efdincipiént wéthess,nmerinum. vaSaurh 6420kPata )y whioald be reppliedt hus
be protected during aqueous sIurrg nB nation by inproving the inertness
of the Whilgh ﬁm%@nﬁae y Q"@Uﬂf‘exﬁbﬁ theobad r@ﬁefﬁtueeoﬁgw ngt dreP Pelexs 68k ng

Fi sch Th
vent 1 ShCa FroTida (e e SR ol FrBie3p s bR fopdlba. T

fol |l ow ngcwwndryingtsihnglcbpmmpbdsn andinimterruptddefashion, idedllpat theavondjtons:n t he
drawi ngs FIGURE 1 shows dissolution profiles for a pure or unnodified ~
al um na support and silica nodified alum na supports according to the

i nventi on; gb}l;@(g ﬁm\qﬁgﬁéﬁﬁgh%io@gf profiles for an unnodified al um na

support, illustrating the”influence solids concentrations; FlIGJRE 3
shows a pari apd@ wcunim pér2ékiPa@e@ car bon at om C~9+ sel ectivities of

Vacuum drying under these specific conditions should be maintained until a L.O.I.

<90% of the L.O.l. value at incipient wetness has been reached.

Direct calcination of this dried material in a fluidized bed, or a rotary kiln, calciner at
200-300°C (ideally 250°C) is then preferably effected.

During either, or both, of the two abovementioned slurry phase cobalt impregnation
steps, a water soluble precursor salt of Pt or Pd may be added, as a dopant capable



a 20 mass % cobalt supported catal yst prepared on a Si nodified al um na
support (surface concentration of 2,5 Si atons per nnR support) ,apd its
unnodi fi ed al um na supported equival erf©, WO 991 42214 14 2 0 SAEBPSEPZZUUZ
PCT/ GB99/ 00527 FI GURE 4 shows the cobalt content of filtered waxes,

produced on Pilot Plant scale, using supported cobalt catal ysts obtai ned

f r om unobénharcingltherreducibitityoof the activescdrnpanemtdi The dnassupiaoporiampb this

accordi to the 5 invention: FlI 5 sho t cobal 1 ntent of f
filter eagm'}teg"hﬁpd{ﬁ?gego E0P P@/% %ngnad;@i@ %ncggi‘ib(?@'upported cobal t
catal ysts obtained fromunnodified alumna as well as silica nodified
alum na in accordance with the invention; 10 FIGURE 6 shows dissol ution

pr of i | edctondinghtaua thicd Aspectofihe iaveniiopo thereds grevided al methog of iedmingodor t

accordin o,the jnventi,on: FlIGQJRE 7 shows dissolution profiles for a pure
or unrmﬁg'ia}iyé& W'?'Fémgtﬂgﬂﬁﬁmmseﬁnd silica nodified titania 15 supports
according to the invention; FIGJURE 8 shows dissolution profiles for a pure

or unnodified alum na support, and silica nodified alum na supports

accor di ng t oint Bdirshstagei @nstep cismpving KbR2xyke CoihNP1)..6b@ewhetg xfistthet er ed

obt i ned Fr oREInABE YUt (AP ReREH Dok ied a BHARE ch B B Rpbr e Briifibna 1 n
accordance wd Cldite9 imveff aod y i§ ka3 iitallhash @fishelisapporyito e ippréghatedfiar a
pure al um na support, and a zirconiumnodified al um na supgort 25 according

to the i nvenkgoh: suflicieridistilechwater suehdhat thenfinal yolyrag of dhe gphutigndsxy

Scidity agar ity BRRRED IS SERR 6= empafiirspBbierPho SICOEME SHAREY,
of al um na stHi®osdiutiors theytotili rreRtoTal o ySkFasdppdrd nbateside i dmatphetrioa

support, in the formof spherical particles, obtainable from Condea Chem e
GrbH of Uber PERSSUFR Whilst contiryiousipibing @f the starryifhnaiftainags ggduaing. Withf aces

of the suPpotfe BRidiaf bBBIdIoR SRR Hdd? cBhnlihGels mikingBRa@ARS &A=t hod

between 60 and 95°C, the loss on ignition (L.O.l.) content of the slurry, over 3
or more hours, from >(136.4x)/(1+1.86x) mass % to a state of incipient
wetness, with loss on ignition (L.O.l.) being defined as the mass % loss
observed during complete calcination or complete decomposition to
Co304/Al203; applying, at the state of incipient wetness (L.O.l. of
(136.4x)/(1+1.86x)), a vacuum of <20 kPa(a) whilst ensuring that the
temperature does not drop below 60°C under continuous mixing; once the
state of incipient wetness has been reached, pfoceeding with vacuum drying
in an uninterrupted fashion, at the conditions: temperature >60°C, but not
higher than 95°C, and a vacuum of <20 kPa(a); maintaining vacuum drying
under these specific conditions until a L.O.l. <90% of the L.O.l. value at
incipient wetness has been reached; then effecting direct calcination of this
dried material at 200°C to 300°C; and thereafter

in the second stage or step, it is assumed that the BET pore volume of the first stage
material is x'ml/g, and that y'kg of this material is to be impregnated for a second

time, and the following procedure is adopted for proper impregnation:

using, during this second impregnation, a maximum of (1.82x'y') kg



"'~ ~' ~E~ ~nn~ WO 99142214 15 PCT/ G3B99/ 00527 used to achi eve the

nodi fi cation. Thus, silicon, in the formof TECS (tetra ethoxy gilane) as

precursor, was added to ethanol at 60CG' which was thus used as SFP Anam
i npregnation ' solvent. The particul ate al um na support was added to this 5

solution, which was then kept at 50C 75C for 1 hour. ' Subsequently, the

sol vent

| par 1 cur ameteil Tk FREY RS el e sl dfe PR b8 e e o BAIRET,

was CotNOel. Gﬂn&rwb%r@msahe BED-wee siokia )of thetfiistastagekealcined

particul ate Bé%‘@ﬁé@%té@% kgedns%@tvaig' fHe fikdPREide cABinedOnatdria® i affiticht

sol vent

can, I n princip

usi ng ethano

sol vent .
However ,

to nmufti

i layers of lica,

of the catal pmssycq)p@hrist SRotiupes ﬂw(lngrpfaih@eﬁm@mﬁam&mhﬁmﬂd‘|F§dﬂ¢lﬁﬁ, with

Si 1 con rodi | ffeeﬁ%gﬁﬁﬂé“eﬂs‘ébg@’a%ﬁﬁﬁHﬁﬁeﬁ%ﬁyhﬁsﬁlﬁ’é fifind o £ etiiiefifte

Al CSi [ OH 3 spefesh 60 Hnde95<] taeaL o5l %oﬁferﬂ faﬁ th® Qidrhye GveHBPEY fodé helrsl, 2
hours of calcination 25 showed that the net hyl and ethyl peaks of

the ethoxy gtothesstate apinsipient \aetr@ﬁs;zahtb@rﬁage Oclvgaﬂlcuplﬁat watnessh@pgbgngwazed
T
31, keBkS @) ey "I drncafell oG, Bt e Rl e

and 12

cal ci nation tél]me is
detrinentall y W48,

and 30 surfaggedr kst Qfoﬁ hRIswt 66T Qﬂwo@ru&rﬁtﬁ\@%pﬁfkm@'ebﬁcestﬁé‘ Feqgerigta:
150n2/ g Pore volunme: 0,50ne/g 0 SEA 20

incipient wetness has been reached proceedlng with vacuum drying in an
uninterrupted fashion, at the conditions: temperature >60°C, but not higher
than 95°C, and a vacuum of <20kPa(a); maintaining vacuum drying under
these specific conditions until a L.O.l. <90% of the L.O.l. value at incipient
wetness has been reached; then effecting direct calcination of this dried
material at 200°C to 300°C.

The invention extends also to a catalyst, when obtained by the method of the

second aspect of the invention or that of the third aspect of the invention.

This catalyst is thus in unreduced form, and requires reduction or activation before it
can be used. This may be effected by subjecting it to heat treatment under the

influence of a reducing gas such as hydrogen.

According to a fourth aspect of the invention, there is provided a process for
producing hydrocarbons, which includes contacting a synthesis gas comprising
hydrogen (H;) and carbon monoxide (CO) at an elevated temperature between
180°C and 250°C and an elevated pressure between 10 and 40 bar with a catalyst
as hereinbefore described, after activation or reduction thereof, to obtain
hydrocarbons, by means of a slurry phase Fischer-Tropsch reaction of the hydrogen
with the carbon monoxide.

e used provided that TECS i s sol ubl e therein.
maxi mum of 2d§tl&¢d>r«r@tg smtmtdheﬁmaéaﬁlw@e @(ﬂdb@l solutionelsi oy difficatheatingt ep

I d,b d
Thetnif RelfBnces edeRaurs Bruesh BRARL 8o TG atRbrBgiis sitenaps
hi ghy flh@IVﬂl/ént@Fy of k k@ ofl tise miastrmége RaRind® hdeddl fnstnfodiphéricead
angi ng the geonetry and/or chem cal reactivity

A



W O 99142214 16 PCT/ GB99/ 00527 The support geonetry is inportant with
respect to FischerTropsch synthesis perfornmance of the resultant,_ catalyst
based thereon, to obtain a desired acthiity and/or selectivity \@ﬁh@Eﬁ[Z@ﬂz
use of synthesis enhancing 5 pronoters eg the carrier preferably has a
specific mninmum pore size, eg a pore size of at least 12 nm 1.2
Conductivity neasurenents Al um na dissolves in an aqueous nedi um at | ow pH.

e ror o TAPUYAREH SRS Boh B s et blTs o8 iBlnPRe I M BrPhedtaBos
W th ti Rereilthsfotendegaiedof alum niumions with tinme was foll owed by

nmonitoring the conductivity at a constant pH of 2. The pH was kept constant
by autonmated addition of a 10%nitric 15 acid solution. The results are set

out in Fi; i - Fi , | af i Ve ' | ved
er e [tiaSSTEL Bk ol Bkl BAfatindeld Y ghiesk EREn R TIREA
unpr ot echtedystyiredatesrianvati prdduce wHearstugedtinaa FiseherDiopsthdregiction asf a

nodi fied al um na. Mreover, a higher 20 |evel of silica provides better

pr ot ect PYhEgSigas: campasing hydragen aadicarken ManoXidsport nodified by 4,3 Si
atons/ nne fresh alum na exhibits the highest suppression of alum na

di ssolution. Solid concentrations do not seemto exert a significant

i nf | uenSechreatdigstdirenel hitherto predérably, béén psodunadnby slufygimpregnatior8ofl BV
experi mapt s. Cobal t based al um na S@%ﬁrt.ed cat al ysts Eﬁre Bbe ared on ., the
modi f i e8'UNINAISYRPSIHNG @ngduyeous JUtAEe PRECHIRPT ditiony i 'e 60
of ZA 9 i P 't{@k er
was i nvgéﬁi?/g?t ggﬁ%ﬁ{Hfgﬁa%sgf‘ﬁﬂw Sc?anni rfgaﬁlﬁ%g )Fgls%}\h@gﬁgscopyﬁ(géﬂ?ﬁl\o,
and , Teanzel asireut@l equeous otutionso pAftémaigsolutiom thie calumiriphs iansecan, fined
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PCT/ CBO®YRABZ O3(OH)16.4H,0. These amorphous hydrotalcite-like structures are physically
adsorbed and loosely bonded to the original alumina surface. The formation of
irregular structures on the surfaces of supports present after impregnation of,
respectively, alumina with an aqueous nickel nitrate solution, magnesia with an
aqueous ruthenium chloride solution and titania with an aqueous platinum chloride
solution is also found. This phenomenon is thus not limited to alumina (Al2O3), but
can also be found when using alternative supports such as magnesia (MgO) and
titania (TiOy).

A serious problem that can arise when such catalysts, which are thus prepared on
untreated supports, are used, as observed during larger scale pilot plant synthesis
runs, is the undesired high cobalt content of the wax product. Commercialisation of
the slurry phase Fischer-Tropsch synthesis process, using the known untreated
alumina supported cobalt catalyst, can result in the wax product containing more
than 50ppm cobalt, after filtration through a Whatmans 42 (trademark) filter paper
(hereinafter referred to as "the filtered wax product" or "the filtered wax"). During
slurry impregnation of an untreated alumina support, using an aqueous cobalt nitrate
solution, cobalt nitrate will deposit on the loosely bonded hydrotalcite-like structures.
These cobalt on loosely bonded hydrotalcite-like structures can dislodge during

extended runs and contaminate the wax product with cobalt rich ultra fines. These



boehmte star-like crystals were al so observed in these sanples, thus
confirmng dissolution followed by recrystalllsatlon During sl ur

i mpregnation of the catal yst support t'® obtain the resultant cobéé SzHQcPﬂ{]Z
catal yst, the active phase (cobalt) will deposit on the physically bonded
hydrotal cite-li ke structures. This active cobalt phase, deposited on the
physi cafihgs, mfradmmlcrdwmtutealeaditttbelragdor |n~rme wasy hyl@@cdrbomyoduct. Due to

Fi scher - Tr S and cqntam naje. C active 10
Dhacos cite BRRY fostoet balSa, InB"e f G HitlskirbbR ABiEnRhEh A it begt
crystal goRe8, 6Pht =R aNévibtddC it i fviehaeA Shi@albMmaBehidredhalidnthig
supports. Hence, formation of active phase ultra fines, when using

cat al ysbe qmt;qmtbduugg rasusousaldITY iimgreanationt by Bnproving theeinertoess afdhes at
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three cagfthesishermeTy adfeved RtBErassst invertioral | y bonded to the support,
with the subsequent catalyst preparation steps, ie calcination 20 and/or

reduction, unlikely to provide suffici ently hi gh tenperature to achieve

recryst i I LJF e i 1. r s It
ocrot he AR, b oy B SRToSe o BEAT R S GRS
f r amewonkn#ingting erépestcand With2Bferehck toythef dralvingsesul t ant support and could
negatively influence the hydrocarbon product selectivity during

Fi scher-Tropsch synthesis utilizing a catalyst prepared on such supports.
However jn fHa @aS t he undue introduction of surface acidity of the

al um na support, ter TECS 30 inpregnation, the nodified support was only
cal cined at <700C, preferably at 500C, to renove the organic groups and

dehydrate th hout si gnifi c corporation of Si. int t.he
71003 fr amrenbIGURE {ushomss Shascidlioi eretles Joheh Iovay of naimadiedgpRang
zeoliteg I 2 US EP 2002
e 11 cogg BT 856 Aldhcd abilipa SopbBRY aboord kI Me RO mt hesi <

tests: Bet weEtlGWRE sBoyspdispelution eprofitasafdry anedumedifiedt alupsina gupgoat,ed on
pr eshap ay.dri d nodi tied or 5 unmodified support, ranging between 38m
to 150~§%§ﬁ§ég3 Hﬁ@ﬂep S@%ﬂﬁﬁpqﬁﬁnfgﬁ Of&x and | oaded in a CSTR with an
internal vol Fi@URfE 3@Potds d banfye@dt BRpeeAtdY 6athoh dI¥AT QUL sefdtlivRiRs RN

nonoxide in a H2/ CO nolar ratio from1,5/1 to 2,3/1. This reactor was
el ect ri 8a20 yassa¥eeobaltisuppartad catalyvat pjepargd en |ar$bmoslﬁ@ddgluvmrﬁ@ seppPBdy ed

s confsBAR A el oA 2 # fofRERr i Sudiqr i i LA aiddf abRila’ ' O

vel oci t sapporéd eqgivalemty 2 and 4 nBn/ (h. kg catal yst) were used GC anal yses
of the pernanent



15 gases as well as the volatile. overhead hydrocarbons were used,i (ﬂ)ner
to characterize the product spectra. All catal ysts were prepared z&j:](é)ﬁ QUOZ
to the proewsyy@adescri bed for Exanpl e 60 of ZA 96/ 2759 andP eHgf&??orl or

to synthesis) in a tubular reactor at a pure hydrogen space 'ty of
2500h-1 and at nospheric pressure. The ter’?%rature was increased fromroom
tenperature to 350C to 425C at a rate of after which isothernal

conditions were ma e 1 S. esul I ' '
Sabies 3 and 4 heioRRad, sHbug ERerCobalkS ottt eRy e Rk e M 00507

TABLE 3: LaboPEPErGeESTIR FiPddiosr - FLaps cIEaahR hedsingerdunnamced cogRaibon

bet ween cat al yst 51 psepaceda@hedn B i1nods £ & éi@rﬁimﬂsﬁﬁgo%t% S'and
at ons/ nn2 A1203 podi fied, ,sypports_ 2.2 Si atons/ nnm2 A12031, 0 at om
A1203Unnodi fieytica modified alumina supports according to the

5 invention;

FIGURE 5 shows the cobalt content of filtered waxes
produced on Works Pilot Plant scale using supported cobalt
catalysts obtained from unmodified alumina as well as
silica medified alumina in accordance with the invention;

10 FIGURE 6 shows dissolution profiles for an unmodified
alumina support, and a cobalt modified support according to
the invention;

FIGURE 7 shows dissolution profiles for a pure or
unmodified titania support, and silica modified titania

15 supports according to the invention;

FIGURE 8 shows dissolution profiles for a pure or
unmodified alumina support, and silica modified alumina
supports according to the invention;

FIGURE S shows the cobalt content of filtered waxes

20 produced on Pilot Plant scale using supported cobalt
catalysts obtained from unmodified alumina as well as from
silica modified alumina in accordance with the invention;

FIGURE 10 shows dissolution profiles for a pure
alumina support, and a zirconium modified alumina support

25 according to the invention;

FIGURE 11 shows dissolution profiles for different
alumina crystal phases; and

FIGURE 12 shows a plot of relative support acidity
against silicon content of alumina.

30 EXAMPLE 1
1.1 Modification of alumina support
A spray-dried Puralox SCCa 5/150 (trademark) alumina
support, in the form of spherical particles, obtainable
from Condea Chemie GmbH of Uberseering 40, 22297, Hamburg,
35 Germany, was used. The surfaces of the support particles
were modified with silicon. An impregnation method was



al um naSynt hesi s condi ti onsCal ci ned catal yst mass (Q) 21, 524%%@%0&
“tenperature (C) 220219, 6220, 4Reactor pressure (bar)?2019, 920, 6Ti n eam
(h) 20221 5Far0l sgar14 PCT/GBY9/00527
conposi tion: H2(vol 9% 50, 155, 5S1, 2CQ( vol % 26, 924, 128, 0C02(vol %9 0, 40, 48, 5Synga
s (Hz+CO) space velocity(nBn/ kg cat/h)2, 28,02, 2Rector parti al

pressures: H2(bar) 3, 44, 83, 7CQ( bar) 1, 92, 42, 5H20( bar) 5, 54, 75, 6C02( bar) 0, 30, 20,

4Synt hesi s peidedl MBHCLERNYQESERASModification. Thus, silicon, in the
0COr6, 166, 770 Q%ycgglas?G 470, 174, 5Productivit

. (kg HJ kg

cat/ h) 0, 3580,2955 ?ﬁé?%tﬁ%ﬁ%@#ﬁ?ﬁcséééﬂﬁ%/i 8Fi BEREEIFPEpsyAS added
o ch g (O BIIE 5008 el ielings, UBnirpetabosm o

onverte 0 ~0 : rin e laboratory i sCher - Tropsc
slurry phase S&Mm$¥si s%?aFEbﬁP%Hei%W% SHPRRTEh A6t 39Fes ERefb1s
unnodi f§ ed orscdnutsiidr cawhiidhf wad atheh NRept hatf i $¢ ecevs vex £produchdur .
remai ned mhi&gwgngpéthfobalh contfnt was bel ow t he detqition limt
(<l ppm). 35 U Y ed §RFeptrt EP oAt HEBRYCH s E TVESSU kRReti ¢
equation, sucl?,&s:88 FBKRa t(KFETpipcop /jacket atemperaturdOo¥/A2214r28r0 S E
P 2002 PCT/ . 4t heni u erive re-e l.al_ factar of_ kFT
was esti mat %%%%c g ﬁ}s{;&g reggrte%esfu&htgéne%yéggg %Efgﬁg THE Ger ‘at e
intrinsic speartiicwiateheform,opssh thutn walciaed me- epdhefioral havrer of
Si nodified al a4 pr i al t i fj
cat al SILSOI), itq—'%f:andb;&e concT@ug‘% t hat s%%p ﬁ%%?ﬁca@?gggg?% ngtgggﬁrggt t he
intrinsic acSWARAXs, Awrysvalptpleyqrganic solvent can, in principle,

be used provided that TEOS is soluble therein.

A maximum of 2,5 atoms Si/nm® alumina can be added in one
impregnation step using ethanol as impregnation solvent.
15 Acetone can instead be used as solvent. The silica level
can be increased by multiple impregnation steps. However,
higher levels of silica due to multiple impregnations could
lead to multi layers of silica, changing the geometry
and/or chemical reactivity of the catalyst support.

20 Calcination after support modification 1s necessary to
decompose the organic groups and to obtain the protected
silicon modified alumina support, through dehydration of
the resultant AlOSi[OH], species. Infra-red analysis of the
modified support after 1, 2 and 12 hours of calcination

25 showed that the methyl and ethyl peaks of the ethoxy groups
disappeared after 2 hours of calcination. The optimized
calcination time is, therefore, 2 hours.

The addition of silica did not detrimentally alter the
geometry of the alumina support. The pore volume and
30 surface area of the untreated alumina support were:
Surface area: 150m?/g
Pore volume: 0,50mé/g



Tabl e 4: Laboratory CSTR Fi scher-Tropsch reactor wax (i egﬁ:ﬁg’j '
sel ectivity conparison between catal ysts prepared on i an™ i fiZQQZand a

nmodi fi ed afgopgy @f conposition 2,2 Si atonsl nn2 of fresh ort Synthesis
conditionsEstimated C19 + nmass9' o seiectivitiesTenpPr essur}zﬁ&]ﬁgmoyﬂ
Conposi tionSyngas spaceReactor partial Megsured for a 2, 2Model

predi ction(C)(bar)(vo! ~)velocitypressurés (barl5i atonms/nn2 supportfor a

boatal yst 21690 DL RSE TG ay o3 PRIl SHRPRED EEVACEERG, 14

, 853, 623120, 34PPEM! 68yREhesBs 6 perfremar2 3220 theB, rEsu I8A032¢atalgss22, 61
1, 223120, 539. 2,1992, & 13,623, 3120, . 425, 9 . 02, 4 526, 1
23121, 043, 82%},%%(130,4, ,22,%’542%25%%%%‘%9, ‘gAg,aggi, %%, 8%%?8%?%, é?,@?é 2230
19, 552, 027, 3BELGE BV Iy 2391 w1 230ke, 84502002, PPk B, 188h8RI1IRAN . ¢
bVngooO0 prattiZH 2 Qa%%&e@&%e@?ﬂa@%hﬁ%&s giaphi fdhimum

illustration of Table 471s presented in ure 3 indicating that at

condi tions f B iHFhi ¥ FoRER HLakiYghte A it P8, it coul d be
concluded that the catal yst prepared on a Si nodified support does under 5
achi eve sonmewhat . ring .a.confidential Pilot Plant Fischer-Tropsch

synt hesi s te\;{]'%r urﬁ\dﬁg S prepared on unnodified

alumna, in a 1llmAlughnaidilsedeegminshur afueeastmediume 2t letw BHant Theal e)
with an exterdn e filtered 10 r oduct turge af t

I cle, t d
about 10 days l%rf‘qulﬁ%‘%éﬁd cfér:e LR coﬁ?%’%?g? P\C?%astélaet 0 %Eﬁ%%%%f t 8‘? 25
days af |inealasigtiowwn i hoEsgur e 4AsA Siowe ar adbméngat idirsswelsvamde dhei ng a

confident i al deslerftifhe sidh &2 UMM BHPPLEs COALMTaSLLITh Y h eashar (irfVorks
increase of aluminium ions with time was followed by
monitoriné the conductivity at a constant pH of 2. The pH
was kept constant by automated addition of a 10% nitric

15 acid solution. The results are set out in Figures 1 and 8.
In Figures 1 and 8, the cumulative mg Al dissolved per m?
fresh support were plotted against time. It can be seen
that the unprotected pure alumina dissolves faster than the
protected silicon modified alumina. Moreover, a higher

20 level of silica provides better protection against
aqueous/acid attack, ie the support modified by 4,3 Si
atoms/nm? fresh alumina exhibits the highest suppression of
alumina dissolution. Solid concentrations do not seem to
exert a significant influence on the dissolution profile,

25 as shown in Figure 2.

1.3 TEM experiments
Cobalt based alumina supported catalysts were prepared

on the modified alumina supports of 1.1, using the method
described in Example 60 of ZA 96/2759. The presence of an
30 amorphous hydrotalcite-like layer was investigated by High
Resolution Scanning Electron Microscopy (HRSEM), and
Transmission Electron Microscopy (TEM). TEM micrographs
identified the presence of an amorphous layer in samples
prepared with unmodified alumina supports. Sub-micron pure



15 Pilot Plant scale) with sufficient backm xing to ensursg% SER@ﬂﬁg
-cat al yst suspension, using 1500 kg of catal yst prepared on unnodifie

al um na, by in Figure 5. In both these Pilot Plant r e
WP on the PERICHRRTS | e

mechani cal stress on the catalyst is significantly nore se
20 | aboratory CSTR reactor. The presencgL of a high cobalt content in the

wax product is believed to be due to th "di sl odgenent of cobalt

tallit ' i f hysi cal | t. i_ni
Py ot al o t RITREESE  eat- adRen cavbaAly WER B 188 LV ot
sl urryti rrgr;asﬁmplm, whehus he crxfufail:yﬁdtng s pheqml?xtﬁamm o IWowedi i dg 0 s
support. Pi s test, LUNS a epared- on,1, 0 Si
at gﬁs/ nnmg A11(2)%)?';)%sral@(1A JZfiZIQ%?ng% ons/ ?’T“ &%20%1%5% i%@%%@nﬁlﬁ&gug%or {E h;ehowed
a subst ant i atatady v ergppostt ht80 okttt the t hesslbantr arplobal based

ti | at Lnat Ly fi . 70

"he the catarvarrin th 2os ias; muAsd S0s Ll oIAIT, dpcusdiofibmen |
99/ 4221 4 23 physireatlyt hendedx hdial qitiandidker) staucssrasun i n Thiié Wor ks

Pilot Plant hubhje eebdM® PHHd, 88568 tdt BnlQAQ kenpéical 8l Yy HomRiedpar ed,
on 1,0 Si atons/nn2 A1203 nodi fied al um na support, also,showed a dranatic

i npr ovenment B¥AXMHE 5CteDal@YESnt dPRY | AiEAEIREx MBHRZt FidSHheTed toPsShe run

with the cataiitsiedist RadinaedtbhetdasdPnaid WakdUpLo&let Thelth Ccalalive
content in the wax product was. on ayerage between 5 an 10pﬁrm From t he
t

Vor ke i | ot BHBER- ORISR (ot Fines, pEhessn2Te PRGHS: NaYemgr GiSent
of the inertytass sfathkikd unmastsippordrady nodi fpdergnitt irt h caitlalg@atsas was

shown by TEM and conducti vj asurenents, also pr t he dj sl odgi ng
of jultra fi rPerec%%%‘? rclgltéh {bktéery't in%aaétgéggdu??‘ﬁ‘é‘lggurF)’?}Eg%gg'ﬁ sc%fee?l-cﬁ’opsch
synt hesi s. 1fodeMIE X 2ctiMedphaset ubhraff Bhesi diequpsdmg Calrallystisn t he
formof cob | t le4 0 t one
was thus usgzldIt ea%]é %él&ilr?rsp%g% Bl{a% g‘%@oﬁ lvég%tss “%’%%S‘;trét %cfﬁ%glie'e r]_a v%%tﬁ'g)gs' ué%%rt was
20 added to athi 5eastufiBAMiARE - t hEhee AMALRROUR xFarer kept NRE FREFHEC10

m nutes. TheesolaRRMiVES Hdlemxarseﬁ'@.\é_%dpk'@d?éuélgaﬁé@m fbusd kfa(plonadd a
j acket tenperature of th drlfilr){e ui pient_at. 95C. The resyltant dified
557 cata T :

t
support was MIth<SBHRRGTGSS CATGINEFSat 8B FPERHFARER 0 TR e 3
prot ected nuiydred watel yyssigyldrt . bonded to the support, with the

subsequent catalyst preparation steps, ie calcination
20 and/or reduction, unlikely to provide sufficiently high

temperature to achieve recrystallization into, eg spinels.

1.4 Fischer-Tropsch synthesis tests
It would have been expected that the incorporation of

silicon into the alumina framework might influence the
25 acidity of the resultant support and could negatively
influence the hydrocarbon product selectivity during
Fischer-Tropsch synthesis utilizing a catalyst prepared on
such supports. However, to prevent the undue introduction
of surface acidity of the alumina support, after TEOS
30 impregnation, the modified support was only calcined at
<700°C, preferably at 500°C, to remove the organic groups
and dehydrate the support without significant incorporation
of Si into the Al,0; framework, at which temperature it is
believed that negligible zeolite type surface acidity will
35 result.



The high calcination tenperature was ai ned at obtaining a s |neI -type
protected nodified support. In Figure 6, the dissolution f

untreat ed gryhor@bal t nodified al um na supports, in accorda /&\ﬁ )%[H% s 30
Exanpl e, are plotted. Figure 6 shows that nodification of the un re

al um na support with cobalt, increased thg resistance to dissolution.

99/ 42214 24 |~ SEP 2002 PCT/ GB99/ 0452’? The addition of cobalt had a small
effect on the geoneibyrefothe $ i
155 nm2/ g Pore volupne: 0,48 ccl/g Ication: Surface area:
n2/ g Pore vol une: Jé‘?%‘év—ec/g EXAMPLE 3 3.1 Modification of titania support

Particul ate titani Bevweexi deo(Dagassaof25 pbpade rkék):eiﬂas.gppo&fed@ﬁf.%d

cal cined at 650C 16 hours ray dried a d c to 5 15Q mi cron.
ne Sumnort IGAFBLTRE ! | BIeHREEM Ot BoRShHECH . SIS et Brdbtang Oxh, o

suppor ts was almmodmfiléded;ulplpotrlte Sﬁmgixaghlb@ntw@s:ndemﬂmbed |n5cﬁxmrrplymsl by

nal yred as £oReaed I8Pt ot anarogied GRe0RBSE it o

aqueous aci d ek oma 1 The ldings obfit i H00mf . ti t'd@né a freesl| gasi rr:d;rmﬁémdratdﬁ)n of

titani umion Cc S f

rr:)m ti)lrj| nlg tﬁlé’gPﬁ%%Igt ahd %a%oél %n%n%sgyd[e &E‘W"f g }d‘lqem&??r Qgtept constant
by aut ormat ed ladtf 1i o ©f3é110(V<I‘hn-Srlreaal:pd y@Suﬂl@ﬂtrllﬂallﬂ-guh@atedt leand

di ssolyjion @ﬁf%@?e:?ély} haBha 4116 RO Sl g hiErbNEnfARRE & as to

rmdlflcatlon of t
ellmlnate any gas-liquid mass transfer limitations. °~ The

feed flow was controlled by means of Brooks mass flow
controllers, and space velocities ranging from 2 and 4
m3n/ (h.kg catalyst) were ﬁsed. GC analyses of the permanent

15 gases as well as the volatile overhead hydrocarbons were
used in order to characterize the product spectra.

All catalysts were prepared according to the procedure
described for Example 60 of ZA 96/2759 and reduced, prior
to synthesis, in a tubular reactor at a pure hydrogen space

20 velocity of 2500h™! and atmospheric pressure. The
temperature was increased from room temperature to 350°C to
425°C at a rate of 1°C/min, after which isothermal
conditions were maintained for 6 to 16 hours. The results
are given in Tables 3 and 4.



25 titania did bring along an increase in resistance to dissolution.
'EXAMPLE 4 A Pural ox 5/150 al um na support surface was nodi ]zz)ﬂdSEEh
silicon. Th}g g&l\t,&gd of Heguin H Garbowski E and Prinet M : tZﬂO?
1991, 127 3 used as background for the silicon nodif PEHGCB00527

I mpregnation nethod. Silicon, using TECS (tetra ethoxy silane) as nodifying
conponent ~ ~S EP Q32 W 99/422| 4 PCHH¥B99/ 00527 25 precursor, was
added to ethanol _at 50-75C which was t-hus used as an mpregnatlon sol vent
Al umi na was add8BLEg3ghi $3BOFAEPEY, WAPER wad lskBerkdFEPEEN50- PYOthes

hour. Subsequently, the BEF¢EANARES GRIRAKIEAUTNBEEWEEE GRE ysstwr@-p@gesi
kPa(a) with a jacket tenﬁ@ra?? @dbfl?@e dki@r Shui PRMOET F8C Ph@ Si
nodi fi ed support obt ai ne@R&8 PRe Pk medd &FdB@GQPPéFSZ hours Any

or gani ¢ sol ven The anmpun 15 of
precursor was jsuch that the final silicon|l0 I;vsgl s Q.26 $i %gngs P Of
fresh al um na {gupport. EXAMPLE 5 A nodifigd at_s&gpg,gl V\@c%m ,lﬁoc J mlmlf
same way as in Exanpl e 4 except that the ermbmtzogf r egiogor added was guch
that the finaljsTii LOH tevet Wblb T U S—atroms1mP— +5—Frestr—atuma
support .5 EXA pregared ifn the sanfe way as
Exanmpl e 4 exc Ei ﬁg)precursor bfded |wagistich |t hafithe ff nal
silicon |evel of fregh 2&2@ umijna’;sUppornt . MVPLE) 7 -
Conductivity aismH@HESHI‘.EaFrI gure 8 shows tihat 1de di ssobation of aduming is
al so St;féaresse " %dthe i ntroduction of rellatively sgall quantities of
o]
silicom” Level[sFH Pﬁﬁv?g‘pqsv’fﬁ, % at ons/ nrf2 50,1 55 51.2
CO(vol%) 26,9 24,1 28,0
COy (vol%) 0,4 0,4 0,5
Syngas (H2+C0f space velocity
15 (m3,/kg cat/h) 2,2 3,0 2,2
Rector partial pressures:
Hy (bar) 3,4 4,8 3,7
CO(bar) 1,9 2,4 2,5
H,0 (bar) 5,5 4,7 5,6
20 CO, (bar) 0,3 0,2 0,4
Synthesis performance
Conversions: %CO 76,1 66,7 70,9
¥syngas 76,4 70,1 74,5
Productivity (kg HC/kg cat/h) 0,358 0,433 0,343
25 Relative intrinsic specific
Fischer-Tropsch activity 1,04 1,08 1,00
% C-atom CHy selectivity
6,6 6,7 4,4
%CO of total amount of CO
converted to COy 3,9 1,8 4,3
30 During the laboratory CSTR Fischer-Tropsch slurry phase

synthesis runs reported in Table 3, prepared on either
unmodified or on silica modified alumina, the filtered wax
produced remained white and the cobalt content was below
the detection limit (<lppm).

35 Having applied a reported cobalt based Fischer-Tropsch
kinetic equation, such as:

Ter = (kFTP}-Icho)/(l_"' 6 Pco)2



25 of fresh alum na support offer protection against dISSO| W th
i ncreasing protection as the silicon |evel increases. bEDS EP

level s of 2Ayb sahmys/ nn2 of fresh al um na support 30 were fmptq-,é}g,g)a

maxi num attai nable | evel to be achieved via a single inpregnation step as
per Exanple 1. Silicon levels of 2,8 Si atgms/nnR2 fresh support, 4,3 Si
WO 991 42214 26 ~. U ~ ~ ~ 200 PCT/GB99/00527 atons/ nn2 fresh support 7 0

Siatoms/nnmg fﬂrf‘e%hmyﬁeaa&hsar&érlﬂﬁe% Sgtnréﬂ ORBOABRL L& BSIE aTHAION b WRLE
prepared as descrjbed |n

h the exception that | tiplée

i npr egnat i on tEpINERE %Iﬁiﬁ’éﬁ% thea3 s0EROFBRUI WRRr s %%ﬁ'ﬁ&% the5
Fi Scher- Tropscly o nt Hest & 1651 A pLTor Drant batel. {can S0Kg) ol -c5i ol yoi

i scher-Tropsc ynt hesi s Tes pilo p an a a
was prepared ofP%ERROREAEIRL alf@ateTr sGppoFi MM%F‘% E@g'-?? ? é’dyew th
%E? |0“@§} ﬁ'éﬁﬁ&héﬁ%%ﬁl f@c@oﬁﬁpﬁﬂt?éoﬁﬁhﬁﬁgfﬂéﬁfteshl#@tglUEtn@a$umﬁorL.

is catalyst was te ring a confidenti,al pil ot ant_Fi scher-Trqpsc
synt hesi s runQQP%§ﬁ§ﬁ§hlgﬁtbu QPE%IWHﬁlﬁ&ﬁﬁﬁiqu ﬁ“ﬁkt@?ﬁﬁftr 2G%Ie
Fi gure 9 showsirgciangbt i sopieitide. cobalt content in the secondary filtered
wax between this run and a run perfornmed 15 using a catal yst on an
unnodi fied support. No cobalt was shown in the filtered wax product of the
nodi fied catalyst. Thus a level of 0,26 Si atons/nn2 of al um na support
successfully suppressed the dissolution characteristics to such an extent
that the formation of cobalt rich ultrafine 20 particulate material during
slurry phase Fi scher-Tropsch synthesis was successfully suppressed. EXAMPLE
10 Zirconium in the formof zirconiumisopropoxide, was added under an

i nert atnosphere to isopropanol. Isopropanol was 25 thus used as the
i npregnation solvent. A particulate



for 1 hour. The solvent was then renoved under a vacuum of 3 )

j acket tenperpdomargisof the drier equipment at 95C. The resul tant nodi
support 30 was subsequently cal cined g 600C for 2 hours to FSHY&R39/08527
protected nodified catal yst support _The ampunt of mndifying conponent was
found to be 0 ,1 Zr atons pgr sqguare ' maphoneter fresh suppoit. WO ‘
99/ 42214 27 ~ C~ S E P 2(10pR PCT{ GB%98005R7 In Figure 10, thg dissolution
profile of the fresh Condealf Pural &ESECa 5/ 150 (trademark) aljum na support
is plotted against the dissplutipd grfffle=ob ¢ivezirqonicym frodified

al umi na support debcribed apgve.| Fhé adfli t boB Bf- 8 Eclrif UnS|lto the fresh
support thus inproged the rgesg st @ce §f°the support to dissolfuti on and
aqueous/acid attack. ' EXAMPIEEgliSDEsgol ution profiles of diflferent alumina
crystal phases werg deternilhedZand conmparfed to the conmercialll y avail abl e
10 Condea Pural ox CCa 5/ 150 X trjadenmar K)_jar um na support, willch was used
in, for exanple, EXanple 1. ﬁﬁ resglts are | given in Figurg 10. The
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at the |owest cal cirgtion tlenperlaBuges between H6068 bos WEES fol | oned by
delta alum na at af:’o?al ci natlf on tledpgr@turle of 850C, and al phg alunmina at a
cal ci nation tenper@tdire of PO 1158Cs dhe {surface area of the§e supports is

greatly affected b&#he cal inat!oriﬁterrpérature. Thus, a support, which
@}m

al um na support was added to this solution, and the m xture &{irr at 60C
( _ﬂga
ie

= thao hi ahnct curf acn

contains nostly gagr]ﬁa al um H—Rave-t-he—hi-ghest—surfaeceqjarea, which is
desi rable in heterogeneous al ygig, |The-gamma al dmd ra -sfipport,
however, exhi biteds & hi gher| di sgoEUEiion QeNvidur "aPt®r™ 3D shgurs conpar ed
to delta and al phag & um na.f It isgkﬂcr\m—t— ) t on the
@ ' . . . . .
surface of an al ungra suppgrt cgn-agt Qs | QR iarofsIfond & fim ni um
. v A . . S MM = — N .
extraction and theu_iﬁore 3¢ di ssoguﬁlon. Galci'nation of. al umlna at hi gh
t enper at ures causes dehydrati gngof |t he isypport, and therefol |oss of
surface hydroxyl gF@ips. T TETNNU YOO
=8
5 E g =
E & >5
— o 2 © C O MODWO WO M
e o w S o TN MNOO MY @ - N
2 a 2 83 NOoadammmae
g = 8 € Zo-
£ 3 b= wn E
g ® s
Qo Q
e e )
k35 @ ©COWOwaoaTHN~OMO
- @ c (@) ~ - .- s o~ S -
o O L =] Q O M~ @M~ =W
55 = s _ N NN~ =M NN
R E
£ S g S
QD O N [t N0 Oq
o @ o - -~ MO @O M0 ND
> 5 S v ¢ MM T W
o Q 18
® E
85
® c -
- & 55 QMM e QanQ
@« 8 OO0 O0OQO0O0 OO
o ~ N NN NNANN -~ = -
a
< 8 ~ ) -0 Q0
EU Lndi ol s o
@ S o -MmmmMmoMmmmomo
) - - N NN ONANNNNNN
e |
n

10
15



0 S EP 200,i WO 99142214 28 PC T/ @99/ 00527 Thus, from Fi e it is
clear that delta alum na has a | ower dissolution profile t& 8§Pr12002

al um na, wwo®/M4a2igha al um na has a | ower dissolution profil f,@g@ﬂgﬁ a
alumna. It can therefore be concluded that an al um na Fi scher ropsch
catal yst support, which mainly consists of a , mxture of delta and gamma
al um na, such as, for exanple, Condea Purabox SCCa 5/150 (trademnark)

al um na support woul d be susceptible to aqueous/acid attack and subsequent
di ssol uti on. AOgEXpkRICE11Z1Thetaakdbhy off TabEesehes- frepeahedatal Figure
support plays,an.l ; Lp the .sel.ectivit f. said,catal yst under
Fi scher-Tr ops%hgg%ésl?g c%lg%tret il"gngpngf/%ﬁ‘%‘isf ﬁaﬁé?%‘?é-‘%u%b%cﬁt mﬁ%?ﬂug?ﬁ ca,
as shown in Exahght l1seilbketsuppoes, 15iacichuld care pessidiuddie ithkkuethed
negati vely. act] termane whet.her ith rt,s acjdity or
basicity is ﬁﬁ%?é%?@gdﬁ #ﬁéa%% yg)(r%atlgonﬂr eglgg %Llc%)(ri\efd at%uéﬁg?gopdroc?ﬁan‘&flds)éer a
cat al ysb gi vedchie¥pasiopewhadi.cati on of the acidity of the 20 catal yst:
CH3CH( OH) CH3 -~ CHZ=CHCH3 + H20 Catal yst Acidity By measuring the propyl ene
formation rate oyer different 25 supports, their relative acidity can be
conpar ed. Si | PeRiREs2i FprErterer hitPflak PdiarteFdaEchpEvErepsstiosylthades

Pural ox SCCa 8460 riid adesBnd) sahg i@ sypPROYEL by PR ITESS aanshlEcaq
source, as detailed in Exanple 1. TAfter inpregnation, the supports were

cal ci ned at SBOENLBE. THE 7| HeB hdgd Pukhle oCglumns slynryy geacter gilie
atoms/ nnR frephlstpplent’ esRO&) vAlth an WO Pl Adecycle, the filtered

10 wax product turned grey after about 10 days on line and the

cobalt content increased to 350ppm after 25 days on line,

as shown in Figure 4. -
A similar observation was made during a confidential test
run, in a 25m high bubble column slurry reactor (ie Works

15 Pilot Plant scale) with sufficient backmixing to ensure a
uniform catalyst suspension, using 1500 kg of catalyst
prepared on unmodified alumina, as shown in Figure 5.

In both these Pilot Plant reactors, the mechanical stress
on the catalyst is significantly more severe than in the
20 laboratory CSTR reactor.

The presence of a high cobalt content in the wax product is
believed to be due to the dislodgement of cobalt
crystallites deposited on top of the physically bonded
cobalt containing hydrotalcite-like structures, present in

25 the catalyst after aqueous slurry impregnation, when the
catalyst is prepared from an unmodified support.

Pilot Plant synthesis test runs with catalysts prepared on
1,0 Si atoms/nm? Al,0; and 2,2 Si atoms/nm? Al,0; modified
alumina support showed a substantial improvement with
30 respect to the submicron cobalt particulate contamination
in the filtered wax product. After 70 days on line the
catalyst with 2 Si atom/mnm? Al,0, did not show any cobalt in



29 ~ 0 S E P ?002 PCT/ G B99/ 00527 Test ,.procedure In each test run, 3,5g
‘of the nodified support was |oaded into a mcro fixed bed reagactor. The
nodi fied s s ' heated to 195C under hydrogen fIOM/atg gﬁg ne 5
pressure. X?teg?mt% tenperature had stabilized at 195C, i 8 ﬁﬁg ?’Dugs
co-fed to the reactor at a fixed liquid flowrate of 30g/h, whilst the H2
flow was maintained at |2En/h. An online,gC was used to analyze the
reaction products after 15 mnutes online. The relative support 10 acidity
of nodified wpOfildetsd dpbknedodsct( osiRiMed Hropyheneforypti pR Eake of
support Z)/ (observed progxlene formation rate of the fresh support), with
the rates bei %rléé’ ed1ABE DHPPLSUFP VBN F B TYTRRE O wiitdh 1I0P0 kg

i ndi cates thaif tbetatysit prepatrd sbhieon 5 ﬁ@@érﬁé)&@{néunmgcb{ﬁm_&aiff%m
i ncreases at | evel exceeding 2 ,'.5 Si_ataonms/nnR of fresh®al um na support
Seei ng, ho ,nﬁlﬁﬁPRﬂ¥quﬁi§P SHOWESh 2SRt aCi dRPKSVEMeRt An sthp

atons/mnﬂ_f;Fﬁmaﬂuuﬁdm;eﬁnnﬁwnjkﬁw@%ﬁgﬁbﬂgc@L@B&pggéduggetggithVﬁ&thron1a
geonetry in encin oint o i ew, both.of these er Si |eve
controlling<§#ﬂe§?§?§gﬁFsagcé AP 1R §Vﬂ%?¥%n2§g§P§? fhe | nY8fit or s
have t hus devsibepdd condcandl yst thepwegnatreduen wasodinf aedragtabyswesnpport
wth excelIegﬁgfhﬁggﬁ{-Tropsch synt hesi s behaviour, resulting in high

I

activity and sel"éctivity. It was surprisingly found that an increased
support inertness towards an acidi ¢ aqueous attack during slurry phase

| mpr egnat i Ongr el bk B idcamBlba deoneass i cbles! ouEREhANLal caghi ve
phase containing ultra-fines during slurry phase |scﬁer-Tropsc synthesi s.
A sl udfy 30 ER8chERP TR GRRRBE prafcesbe ubnagtReSs nodlf f ithe sapppinad

catal yst, W lguggtss 85 Uddd £y Endaxte PLOEHCE1890bal RINGd £SShélaNbYORRM |
active phase ulfra fines 'throughout extended synthesis runs, thus reducing
the cost for 3¥e cSPRAYSEIYLEY | MMERBUELTRRYS phasel 9 scRERVERSSEh FP6cess

35 subst anti dilslodgiagprabl emted EeABViddHa@l iflscH reartheulated 8ukiRg2002
WD 99/ 42214 P 994 00527,.30, Si ified due to t.he extrenme difficulty with
whi ch separ aFic%-{ﬁ%‘ %g%ﬁreﬁ ggﬁhﬁggﬁr@asﬁbgyﬁgﬁw 's liquid product is

achi eved.

15 EXAMPLE 2

2.1 Modification of alumina support

Cobalt, in the form of cobalt nitrate as precursor,
was added to acetone at 45°C. Acetone was thus used as an
impregnation solvent. A particulate alumina support was

20 added to this solution, and the resultant mixture kept at
60°C for 10 minutes. The solvent was then removed under a
vacuum of 3 kPa(a) with a jacket temperature of the drier

equipment at 95°C. The resultant modified support was
subsequently calcined at 800°C for 2 hours to obtain a
25 protected modified catalyst support.

The high calcination temperature was aimed at obtaining a
spinel-type protected modified support.

In Figure 6, the dissolution profiles for untreated and
cobalt modified alumina supports, in accordance with this

30 Example, are plotted. Figure 6 shows that modification of
the untreated alumina support with cobalt, increased the
resistance to dissolution.



31 CLAIMS 1. A nethod of treating a catal yst support, which rregtgg,
conprises introducing onto and/or into an untreated particul Hit _tzﬂﬂ'zt 5
support sel¥et98d231dom t he group consi sting of al um na (Alzo%?rléé%ﬁﬁgzg

(Ti 02) and magnesia (My0O), Si, Zr, Cu, Zn, M1, Ba, Co, N and/ aas a
nmodi fyi ng conponent and cal ci ning the resi®4 ant nodifying

conponent -contai ni ng_podi fied catal yst support _at a tenperature from 400C
to 800C and fdi& i‘)gﬂ‘b’cp%fo?rﬁ‘ﬁ?il?ﬁ hudeat smalhonfSect coBbERENIGOPESLECE ed
nodi fi ed cat alggsttHe 0 @tﬁm’ﬁ: which is less soluble or nore inert in an
aqueous aci d sol ution_and/ or neutral aqueous solution, than the untreated
catal yst support, i$HIHENGHEISAHPEomponeHE RS FL5PesedcS M /ghe

nodi fied catal yst support particles) on the mafd ivedlameur f acesghdyej ng
chem calsly bonded tpo . the particle surfaces. 15 2. A nethod acconding to
Claim 12 wherein t HEG Sk r %‘iﬁc“!ﬁ 4 he modYRAaRT EFRGGnertt %M é9and/ or
into the catalyst support includes contacti rmpbre preaitesor af, azhedyedi fyi ng
conponent with the catal yst support, whereafter the cal cining of the

nodi f yi ng conponent - contai ning nodi fied catal yst support, to obtain the

prot ect ed nodEXAMPIFatRl yst support, is effected. 20 3. A nethod according

to daim 2, V\,gerlei M i Gy (}Iior}g tqftamea R EGUr.gOr with the catal yst
support includes di?gt;s‘]'vrn'g%?‘precmn-g?n—rnp_ ) . i regnation sol vent;

adm xi ng the parti Aaticwatsd pitasappodionidd (PrgussaulPRant tsatianavk)bo
forma,reatng o WaS caml BN POt hect t B m : &N

el evat ed terrpepgﬁ?r,e _ata OIS: nlgg%lé%ih%eb'%ig i%gfgg)%iir;%'teq%)% t gsﬁ%iggtéflaoﬁnd
sol vent and aflassif@dhosphdsi-dSPr evisanan - f orThe osvRPeF hubad @ 20ukdies;
and removi ng exeRentS YtV Y Anc @l WirdadiNdsleA oo/l 0,01 to 1 bar(a)
to obtain the nodified catal yst support. 30 4. A nethod of treating a

cat al yst support, which nethod conprises adm xi ng an untreated particul ate

cat al yst ( suppu‘hﬁs;eteppeﬂtf W8 t?Bsgr Qﬁ:mi(ﬁmilﬁ sthng:Hen Bhmal MadAI03hs
titania (Ti02), and. esi , WL sol.utio recursar _of.Si,
7O o WReRRHTRN Y Balide b aRe3fich 87, Hho® BRACHRRBindk gk
i npreghation sl ve®0°Ct o fDnen aiflieanmerdnient uwes raltyged ngst e 5 Si

treatment m x Ol oi nt of the inpregnation solvent for
from1 mnut egfq%ﬁfg%ﬁgu%ggsgnghbggrg'SEP 2p02 32

Titania dissolves in an aqueous acid medium. The
dissolution of titania results in the formation of titanium
ions. The increase of titanium ions with time was followed

20 by monitoring the conductivity at a constant pH of 2. The
pH was kept constant by automated addition of a 10% nitric
acid solution.

In Figure 7, the dissolution profiles of titania are
plotted. This indicated that wmodification of the pure

25 titania did bring along an increase in resistance to
dissolution.

EXAMPLE 4

A Puralox 5/150 alumina support surface was modified with

silicon. The method of Beguin B Garbowski E and Primet M,
30 J. Catal. 1991, 127, 595 was used as background for the

silicon modification or impregnation method. Silicon,

using TEOS (tetra ethoxy silane) as modifying component



removi ng excess solvent or solution under a vacuum of O, 0]%9)@5?&9&%

‘obtain a nodi fying conponent-containing nodified catal yst

cal ci ni ng tWe sgmehifyi ng conponent - cont ai ni ng nodi fi ed cat al #%h_ % gbjtgsgort at

a tenperature from400C to 800C and for a period of from1 {58851

hours, to obtain a protected nodified catZl yst support which is |ess

sol uble or nore inert in an agueous acid solution and/or a neutral aqueous

sol ution tharPTheuuAPreavad eadatlyse etippoel, ati 6A-7heCnwbithi wgscampenent

bei n resent | %8 or i it cI e
gp uskd é%em ot éf@ggrla‘ig.togl %30 vRURROT A ﬁé(‘w a&%ﬂa&% H’ﬁ’{ d

surfaces by bel ng to the particle sur aces
nodi fyi ng con%h‘éﬁ%oilhuswfb’éﬂhgwéépM@ \N&@lﬁ prles &@t- 15 Gan@psr bn hove .

cat al yst SUP%Bse&ueﬁHWr esﬁ&é‘gsﬁkﬂgeﬁel d% 'r]tw.')é%n%fv rdheuf-lg&ai‘l yﬁcxﬁﬂr‘?p%ﬁf

the aqueous sol ution. accor a| m alm4

wherei P a sil?2onbB%ed H&(Wl ﬁ@-t@orﬁ)oﬁléﬁkebr mPesAtire el thet Katame
- modi fyi ng Co@@(ﬁlﬁﬁrhehﬁ SE, owbth the %dﬁeité%ﬂ s%b@rxtsfob%%ﬂﬁd w38 hen

alum na, and w ]t’| g grecbjrsor bei ng} used uanti.t such t hat the
silicon |evel S3hCiPRdr25uPPARE fRDt% %{F%dlpﬂye TR0y SO LNERSocan Pt

| east 0, 06 Siugédnss peondoas(UE0S NMNBEiSTIe ofn tite. untreated or fresh
support. 6. A nethod according to Claim5, wherein the untreated support is
spray-dried Pural ox SCCa 5/ 150 (trademark) and wherein the precursor is
used in a qudriet gmeunh tdﬁatpretmnseidﬁ cwas | eueh ithathechesflihabt sprldicest ed

25 no i ed S upp. not £ t i f fresh
cat al Sisq supg%%\?éyf's % 6 ?é} %%%?Scfm toéﬁ%r| elsll;!i §§unﬁé ai n’ﬁ&%% 'erein an
i norgani c cobalt conmpound is used as the nodifying conponent precursor, Sso
that the 3o npgifymos conponent is Co. 8. A method according to Claim3 or
C aim4, wherermn an organic zirconium conpound is used as the nodifying
conponent pr(ezllzu}’f@éli’-fl@g1 t$e@Pete Wodi MHaRpasshpbherths ssape 33y aa’ in

protected nmodifigsh @a&alex&tepwp&% tH‘@eHmQQhﬁ' rRgd ﬁ)ﬂeéwﬁsaﬁt hedeaf Wiy one
of dlains 1 to 2 10. mef.hod of forming a

usj
catal yst, V\/msdhcgkhetf Bﬁpﬁﬁgéi ﬁ‘?-;&ﬁan lEVSSeUFéd m9dlsf31 &F Wt é’r“ﬁlsto
supporis accoridm@taalvﬁhmm Suppdit an aqueous solution of an active catal yst
conmponent or its precursor, to forma slurry, and inpregnating the
protected nodified catal yst support with the active catalyst 5 conponent or
its precursorEXAMPEE)6n the catalyst. 11. A nmethod according to O aim 10,

wherein the aethye £l S5t FATRANE at‘if]éﬁsﬁ{ 'h% %%f?r?é by tarsatE%cé:‘rbltéwt
the active cat ri‘yst conp Lr?%% I n ang)treﬁ{ cataly IS cobalt.
except t:hat the amount of precursor added was such that
the final silicon level was 2,0 Si atoms/mnm? of fresh

20 alumina support.

EXAMPLE 7 - Conductivity Measurements

Figure 8 shows that the dissolution of alumina is also

suppressed by the introduction of relatively small

quantities of silicon. Levels as low as 0,26 Si atoms/nm?
25 of fresh alumina support offer protection against

dissolution, with increasing protection as the silicon
level increases.

EXAMPLE 8
Silicon levels of 2,5 atoms/nm® of fresh alumina support
30 were found to be the maximum attainable level to be

achieved via a single impregnation step as per Example 1.

Silicon levels of 2,8 Si atoms/nm? fresh support, 4,3 Si



12. A method according to Caim11l) wherein the m xing of the protected
nodi fi ed catal yst support and the active catal yst corrponent y

precursor ageags4sol ution, and the inpregnating, conpri se %Rp
slurry of the catalyst support or carrier, water and the actlve cat st 15
conponent or its precursor to a sub-at rm@ﬁherl C pressure environnent,

drying the resultap 5 gtpé nat ed carrier under a/s B- at nospheri c pressure
envi ronnent , S/ hg TERELIFPBROF hpr Eghal e P COWS/iT8Y, TEESEHEHPROEReand

catal yst in mredmedarfanrsnnne?mtr\eehhsug bee wat@dpﬁﬁﬁaﬁéaahbésae%khb%t er.
20 13. A rrethod%cordl%g t&g im11, V\here H f £ is alumnpa, and
wherein the o e oSéFPngBPr{} Bﬁa@‘é Fﬁﬁ §giEPF8ENaRAON

fcal ci nati on aftegwe wmiel vmpb?iédéglennagegat;gprfemﬁurﬁcuomﬁs etﬁaeg%au%ﬁ ina
irst stage qr_ste ere x,is the por e

vol urre%of thg: a&rﬁ% ar&rﬂzy a%#’dc& Ui VEo AP LFHRE P KE®Pupport to be
i npregnated in kg, is dissolved in suffl CI ent distilled water such that the
final volune o] |s SO utlonls heated to a

t enperature Fetee ] Tttt §h5i<4=3¢ added the total

i nventory of Ay pid ctupplarit rtastte:h a(caatB(Htgt)Dsqnﬂﬁea:atcahrs&tssme phepbsted on
continuous m_x [ sl g p ation
of vacuum undg%&gﬁﬁﬁlﬁg&g‘ik‘hﬁna S{Iﬁbgi’? eﬂtﬁ)gFgﬂdég %Qt&v}eéﬁgggkgﬁdggt'g t he
| oss on i gni tihen ¥qwesy ?leeﬁpentleerfelthe-%l@ﬂ@ Bé eddmsnmovef 8reshnore
hour s 1 of r om 33136, éﬁ%be%tl 8OdnIms e hd Ryt Slake bghRel PHERLANC! BESS,

with loss on ignition( .) bel ngte def 1 ne he mass % | oss obServed
during conpl SeBLdgeatiad (Pd-l@rt thed Rﬁ‘gh YN RS9Us Aren3ingt

the state of a mct.tnphe mbneesCenu@ql re@&téi%lén) A lete 86xa) . racyatceum of

~ Q SEP 2002 _34 <20 lied whil st surl that t he tenperature
does not dr op HHEE&w 3 6(%%‘%% g‘ﬁ??ﬁh%‘&% ﬁifoE‘& HePlteRte R the

i nci pi ent weteresndhay Bétberedchead, batesewrn thys g anp]r eceadeﬁerfbhmed an
uni nt ?rrupt ed f.ashi on,_ ¢ ;L the condi tions el erat ur >60§:b % T?t 5

hi ghe>t han 95¢7%afd B 54 Fim 3t &&Wéj(la% scutptﬁﬁ yi ng-undef - th&sé
speci fi ¢ conghbiwongni shesf ht téned wax |1:Jrcniu_ct:Oo|f theosedifikd tatalystal ue
at incipient wetness has been reached; direct calcination of this dried
material at 200C to 300C is then effect ed; and threafter i,n the second
stage or stephupt @s Mevaineat hét2¢ hSBEFERBENTS| e L UWTHES | FYPPSTAge

material is %ubbegsrand tB@bpYeE@eaf thbi 81 8Bbentabni shhvabeeriBregaated for

a second tinme, and the r edure i s adapted

i npr egnat i onSUE 3“nﬁ§FﬁBh15$gE tg? 9rTan°@b?gD§?9a%E261g&h@iér?flp§ t he
BET pave vol peetatulheef mraa:tezsntaa]gedﬁﬁiﬁg neduraterpledse nFirkEherafdtopschs t he
total mass o r.S t i 0 be inpregnated in kg, is
used during %h%gﬁggéongag gggc%% %ggﬁga%§%§E9§ﬁ§§b|ved in sufficient
distilled water such that the final volune of the solution is >x'y' litre;
this 20 sol ugk@Rpr.g hReated to a tenperature between 60 and 95C, to this
solution is added the final inventory of y' kg of the flrst sta e c | cj ned

material is &44EADEHMat HBsERR i Qs SdrEOniMT dERSRPRISR t he
slurry is maqnbaiknad; inkth dbrRosprdval tappbbgabpaﬁomf vaeu»pmo undﬂr was
cont i guous |ng at tenperature between 6 C, the L. t cé\a

cont efit of t LH‘?‘V'? 85, it e ETRRRFAEIRT 5P VRBErs, t PRECHFRLELS

i nci pi ent vvealeminaa*aupberstwa@e addedadPignls wetllntsion a amk whe mflx@’(ﬁd:‘a( a)

i i ed hat

:j?ogpge: gw 65&15ﬁ8§r mgoh?gﬁo?ﬁgy&'e% url; ngn ¢ %fg?é‘gm%%a%{%ﬁp%en wet ness
has been reauhddr mavaauuur gEndkBa (pi owkeHsai gaakeuntamplem;we’d: fofsiben, at
th dit t h f
CDokpa(a) | AZAGH FRIERELE H0ls N ahel AUKLEDAT 6k £306, Rugdioam ©
until 38 L. O was<eobsefuehsly. @allc:.natluetasoloﬁéfl fozn hewrss $onhebtgden a
reached; d| rﬁﬁétggﬁga’[ ho Ef?gdt hhﬁt?i&%@ ”%h%?'cﬁ"t at 269 t mele | ot hen

effected. 35 accordln wherein, during either, or
both, of themp@bLyingr 90lppe§en§ot@a$tf¢tmpde@<hahe dh Jstzé-'p§t91“ﬁ/vé3t%7r SSBIaTS e

precursor sahbnghePbrOf-Edni supgded, as a dopant capable of enhancing the
reducibility o?



2 0s EP Zoos 35 the active conponent, with the nmass proporg i
‘dopant to cobalt being between 0,01:100 and 0, 3:100. 15. A @@%Eﬁ%@
form ng a cWOsdMsai4 which nethod conprises 5 in a first staggy

di ssol ving (1.82xy)kg Co(NO3)2. 6H20, where x is the BET pore vo BoShr
protected nodified alum na catal yst support according to Caim9 in rnlg
and y is the total mass of the support to & inpregnated in kg, in
sufficient distilled water such that the final volLume of the solution is

>xy litre; heatPnfiPHFE 481 ut ndtlésé’lpéﬂfﬁér REQEA 1BeQledhiesF TR Sondea

adding to thi sms@amxosccae syatal (chuaetark) Ofammligxasmwdrtrr&tserplaittad
at nospheric pressure whi | st conlal nyous m é&ig of  the slurr mai |ned
u (S‘l?é:{

reducing, with ?%%na}:a&bgl G SSOLELE PBn PEP of &t
a]E aht enper at ua BuththaesuppOr ande %G.betmtafﬂo@%s omhegﬂdcﬂioﬂoﬁ LoiD ZlLr)Ccﬁ’ﬁmfnﬁ nt
of t esurry 3 re 15 hours rom>(136,_4x)/(1+1, 86x %to
+ a state mc?% ghf:‘ \éier?g‘gssu%cfﬂ I%Hé%sojrf”?’fﬁl % Flh? St-S¥ags né’ Shed
as the nass %$wpponbsEovédsduﬂ.hngonomdie&@u@@ha/aaidomtbac]conpl ete
deconposition to CO3M4/ Al 203; applying, at the state of incipient wetness
(L.O1. of (136.4x)/(1+1.86x)), a vacuum of <20 kPa(a) whil st ensuring that
" the 20 tenperaEX&MPHBedlnot drop bel ow 60C under continuous m xi ng; once
the state of igcldl Rt K¥et [ R
drying in an unlént%%ul?%d%%%ﬁlﬁ%% te%terl%%e con |t|§§6g§£?lg \gatraur #g
but not hi gherweﬁmnd%@rmaﬁadaa@@c@mmwedd@mﬁ(agommqﬁ

dryi ng ygder td6$€esPeiidd Xox60BeCh! OB ik réBetalrkd |alﬁﬁ@9f&0fsddiﬁaﬂt O,
val ue at incipient. wetnes %E ]é?been reache t hen ffect I'ﬁlggdl rect
t

cal.ci nati on of "RHFR 7% &4 i FOTaeXB0ESy 0 E555E ea|j1d t Ha® SR TE S R%%he
second stage ofiegé®pini Figsréssoped that the BET pore vol une of the 3o
first stage material is x'm/g, and that y'kg of this material is to be
i npregnated for a second tine, and the foll owi ng procedure is adopted for
proper inpregrEte orryssahgphalses n@zamiwe:sedmmtédr,pr@rmtd@lta,a gemmanandf

1.82x Kk 20, S [ ol h
1£| rst s%/azge ga%%k%((jl\gng%ér?gf mwﬁlg rn% yéiﬁﬁﬁur P %r%/ #%a‘]% c%hgsy
first stlge cafaleienhbeereflthe s ﬁﬂnplmeglnamééernallgboﬁh@ééﬁv@ﬁgu HE XS r st
stage cal ci HEdafffB&:E«‘fféfehB @é&ﬁ efd@ed Sdddheh WahBia Beihd eicdiied inal

vol une ~US ~r, ~uu~ he solution is >X litr t|n
solution to a tRAPEIUESF ecﬁ%?iv%%‘nl% W%u%ﬁﬁﬁ ‘?%ntwgoe@oq% QJ(E @he
final invent orglob:towedkgyoﬁelba kllumtinat age acaiadldierhtrmirerttahpatature of

at nospheri c pr awg cont];ugrg‘%téznrr%;(l \ngé Ig%l I urtréénrﬁesr r&rré aéined

reducing, wt h e€r continuous m Xi ng
at a tedperat ulJe‘SQJ‘é@ween 60 and 95C the L.OI. content of the slurry, over
3 or nore hours, to the state of incipient wetness; at the stage of
i nci pi ent wetness, @‘éﬁg yi ng a vacuum of <20kPa(a) Whl | st sinmultaneously

8f

ensuring that THe at éFéadééstﬁéﬁedrs@ﬁ’P@é] is @Rt Lindgekt %‘%’ﬁ”ﬁ‘?nﬁ‘)us

m Xxi ng; once tﬂ@est@eqpcmattm:hpl@m ARINASS, hasm@@ﬁ raacbagpoﬁtpceadi@@
w th vacuum dré |n an umgy}erru t ed f.ashi on, he condl

temperature > S nEOT e 94 HEMLAR 2 Wi uRAGE <5BRPapighest
mai nt ai ni ng vammde yi ageanderviiiieise specidesicabplieti dms uhetdaragdmébms

90% of ,the L. Q| | t t, h

SfrectiBh di reR RS a: | SRoRaPRS A AR B atr OOt T LR A
met hod accor dlanghigxhetadurs%lwbéonl behduiong eifttleer 3 Grhdut s, cofipatedt to
slurry phase coball Iy eQE hLo r?ab]g 5 en:hs”kﬂ%% PERSET TRF bﬁ? é‘ét

of Pt or Pd is added, as a opan capa anci ng the reducl
the active comt eft kheheswmfacer oforn onlwtingi SuPpPAst BE EHfal 88

bei ng between {, f1i100-and £,3° 1Qqyminium extraction and therefore
30 dissolution. Calcination of alumina at high temperatures
causes dehydration of the support and therefor loss of

surface hydroxyl groups.




17. A catal yst, when produced by the nethod of any one of Gﬁn%édéﬁ ﬁo '
16 inclusive. 18. A process for produci ng hydrocarbons, whi i U

contacti ng wosypapesi s gas conprising hydrogen (H2) and carbon nonoxi de
(CO at an elevated tenperature between 180C and 250C and aRCHMGRIYPEA7 30
pressure between 10 and 40 bar with a catalyst as clained in Claim17,
after activation or reduction thereof, topgbtain hydrocarbons, by neans of
a slurry phase Fischer-Tropsch reaction of the hydrogen with the carbon

nonoxi de. 19.THuspvetowerhgdrefiifeati g Ql&at st SRPROrdiusithstipntiglly
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30 The silica levels were 2,5, 3,5, 8,5 and 15,6 Si atoms/nm?

fresh support respectively.
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simultaneously.

The Inventors have thus developed a catalyst impregnated on
a modified catalyst support with excellent Fischer-Tropsch
synthesis behaviour, resulting in high activity and
25 selectivity. It was surprisingly found that an increased
support inertness towards an acidic aqueous attack during
slurry phase impregnations, resulted in a dramatic decrease
in the formation of active phase containing ultra-fines
during slurry phase Fischer-Tropsch synthesis. A slurry
30 phase Fischer-Tropsch process, using the modified supported
catalyst, will thus result in a wax product containing less
than 50ppm active phase ultra fines throughout extended
synthesis runs, thus reducing the cost for the catalyst
used in the slurry phase Fischer-Tropsch process
35 substantially. The problem of removing solids from the
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component and calcmmg e resultant modlfylng component-contammg
modified catalyst support at a temperature from 400°C to 800°C and for a
period of from 1 minute to 4 hours, to obtain a protected modified catalyst
10 support which is less soluble or more inert in an aqueous acid solution and/or
a neutral aqueous solution, than the untreated catalyst support, with the
modifying component being present, in the modified catalyst support particles,
on the particle surfaces by being chemically bonded to the particle surfaces.

15 2. A method according to Claim 1, wherein the introduction of the
modifying component onto and/or into the catalyst support inciudes contacting
a precursor of the modifying component with the catalyst support, whereafter
the calcining of the modifying component-containing modified catalyst
support, to obtain the protected modified catalyst support, is effected.

20
3. A method according to Claim 2, wherein the contacting of the
precursor with the catalyst support includes dissolving the precursor in an
impregnation solvent; admixing the particulate catalyst support with the
resultant solution to form a treatment mixture; maintaining the treatment

25 mixture at an elevated temperature at or near the boiling point of the
impregnation solvent and at about atmospheric pressure, for from 1 minute to
20 hours; and removing excess solvent or solution under a vacuum of 0,01 to
1 bar(a) to obtain the modified catalyst support.

30 4. A method of treating a catalyst support, which method
comprises
admixing an untreated particulate catalyst support selected from the
group consisting in alumina (Al,O3), titania (TiO2) and magnesia (MgO), with a
solution of a precursor of Si, Zr, Cu, Zn, Mn, Ba, Co, Ni and/or La as a
35 modifying component, in an impregnation solvent, to form a treatment
mixture;
maintaining the treatment mixture near the boiling point of the
impregnation solvent for from 1 minute to 20 hours; and
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calcining the modifying component-containing modified catalyst
5 support at a temperature from 400°C to 800°C and for a period of from 1
minute to 4 hours, to obtain a protected modified catalyst support which is
less soluble or more inert in an aqueous acid solution and/or a neutral
aqueous solution than the untreated catalyst support, with the modifying
component being present, in the modified catalyst support particles, on the
10 particle surfaces by being chemically bonded to the particle surfaces, and
with the modifying component thus being capable, when present in and/or on
the catalyst support, of suppressing the solubility of the catalyst support in the

agueous solution.

15 5. A method according to Claim 3 or Claim 4, wherein a silicon-
based modifying component precursor is used so that the modifying
component is Si, with the untreated catalyst support being alumina, and with
the precursor being used in a quantity such that the silicon level in the
resultant protected modified catalyst support is at least 0,06 Si atoms per

20 square nanometer of the untreated or fresh support.

6. A method according to Claim 5, wherein the untreated support
is spray-dried Puralox SCCa 5/150 (trademark) and wherein the precursor is
used in a quantity such that the silicon level in the resultant protected

25 modified catalyst support is not more than 2,8 Si atoms/nm? of fresh catalyst
support.

7. A method according to Claim 3 or Claim 4, wherein an inorganic
cobalt compound is used as the modifying component precursor, so that the
30 modifying component is Co.

8. A method according to Claim 3 or Claim 4, wherein an organic
zirconium compound is used as the modifying component precursor, so that
the modifying component is Zr.

35
9. A protected modified catalyst support, when obtained by the
method of any one of Claims 1 to 8 inclusive.
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the slurry is maintained; with the gradual application of vacuum, under

continuous mixing at a temperature between 60 and 95°C, the L.O.l.

25 content of the slurry is reduced, over 3 or more hours, to the state of
incipient wetness; at the stage of incipient wetness, a vacuum of
<20kPa(a) is applied whilst simultaneously ensuring that the
temperature does not drop below 60°C under continuous mixing; once
the stage of incipient wetness has been reached, vacuum drying

30 proceeds in an uninterrupted fashion, at the conditions: temperature
>60°C, but not higher than 95°C, and a vacuum of <20kPa(a); vacuum
drying under these specific conditions is maintained until a L.O.l. <90%
of the L.O.l. value at incipient wetness has been reached; direct
calcination of this dried material at 200°C to 300°C is then effected.

35

14. A method according to Claim 13 wherein, during either, or both,
of the two slurry phase cobalt impregnation steps, a water soluble precursor
salt of Pt or Pd is added, as a dopant capable of enhancing the reducibility of
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the slurry is maintained; reducing, with the gradual application of
vacuum, under continuous mixing at a temperature between 60 and
95°C, the loss on ignition (L.O.l.) content of the slurry, over 3 or more

15 hours, from >(136.4x)/(1+1.86x) mass % to a state of incipient
wetness, with loss on ignition (L.O.l.) being defined as the mass % loss
observed during complete calcination or complete decomposition to
Co304/Al203; applying, at the state of incipient wetness (L.O.l. of
(136.4x)/(1+1.86x)), a vacuum of <20 kPa(a) whilst ensuring that the

20 temperature does not drop below 60°C under continuous mixing; once
the state of incipient wetness has been reached, proceeding with
vacuum drying in an uninterrupted fashion, at the conditions:
temperature >60°C, but not higher than 95°C, and a vacuum of <20
kPa(a); maintaining vacuum drying under these specific conditions until

25 a L.O.l. <90% of the L.O.l. value at incipient wetness has been
reached; then effecting direct calcination of this dried material at 200°C
to 300°C; and thereafter

in the second stage or step, it is assumed that the BET pore volume of the

30 first stage material is x'ml/g, and that y'kg of this material is to be impregnated
for a second time, and the following procedure is adopted for proper
impregnation:

using, during this second impregnation, a maximum of (1.82x'y') kg
35 Co(NO3),.6H0, where x' is the BET pore volume of the first stage
calcined material in ml/g, and y' is the total mass of the first stage
calcined material to be impregnated in kg, dissolving the first stage
calcined material in sufficient distilled water such that the final volume
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between 60 and 95°C, adding to this solution the final inventory of y' kg
of the first stage calcined material at atmospheric pressure, whilst
continuous mixing of the slurry is maintained; reducing, with the
5 gradual application of vacuum, under continuous mixing at a
temperature between 60 and 95°C, the L.O.l. content of the slurry,
over 3 or more hours, to the state of incipient wetness; at the stage of
incipient wetness, applying a vacuum of <20kPa(a) whilst
simultaneously ensuring that the temperature does not drop below
10 60°C under continuous mixing; once the stage of incipient wetness has
been reached, proceeding with vacuum drying in an uninterrupted
fashion, at the conditions: temperature >60°C, but not higher than
95°C, and a vacuum of <20kPa(a); maintaining vacuum drying under
these specific conditions until a L.O.l. <90% of the L.O.l. value at
15 incipient wetness has been reached; then effecting direct calcination of
this dried material at 200°C to 300°C.

16. A method according to Claim 15 wherein, during either, or both,
of the two slurry phase cobalt impregnation steps, a water soluble precursor

20 salt of Pt or Pd is added, as a dopant capable of enhancing the reducibility of
the active component, with the mass proportion of this dopant to cobalt being
between 0.01:100 and 0.3:100.

17. A catalyst, when produced by the method of any one of Claims
25 10 to 16 inclusive.
18. A process for producing hydrocarbons, which includes

contacting a synthesis gas comprising hydrogen (Hz) and carbon monoxide
(CO) at an elevated temperature between 180°C and 250°C and an elevated
30 pressure between 10 and 40 bar with a catalyst as claimed in Claim 17, after
activation or reduction thereof, to obtain hydrocarbons, by means of a slurry
phase Fischer-Tropsch reaction of the hydrogen with the carbon monoxide.

19. A novel method of treating a catalyst support, substantially as
35 described and illustrated herein.
20. A novel protected modified catalyst support, substantially as

described and illustrated herein.
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