;’e3e>"; $p, 6T 24 MARCH 2003 WD 00/Z0116 1 PCT/1B99101626  THI S | NVENTI ON
reI ates to catalysts. It relates in particular to a process #dfA %H@B%?rl ng a
catal yst precursor. According to a first aspect of the invention, there is
5 provi de§O#0BPd6ess for preparing a catal yst precursor, wAGHBIPOEESs
conprises subjecting, in an initial treatnent stage, a slurry conprising a
porous oxidic catal yst support or carriefr, an active catalyst conponent or
its precursor and to 10 treatnent at el evated tenperature and at

V\%ﬁe such that inpregnation of the suppdt®or carri er

sub- at nosp m
with the a N\g\ t conponent or its precursor and parti al
t he |rrpregn Sepport or carrier occurs, wth the ini mmw‘mmm t stage
not conti nui ng f5 beyond a p0| nt where the i mpr egnat ed pport
has a loss on ignition ("LO") which is less than 1,2 tinmesits" |oss on

ignition at incipient wetness ('LOiIW )%thereafter, in a subsequent
treatnent stage, subjecting the partially dried inpregnated support or 20
carrier to treatnmentMRREGNATEQN BREKES FORGA BALY I St mospheri ¢
pressure such that the tenperature in the subsequent treatnent stage
exceeds that in the initial treatnent stage and/ or the sub-atnospheric
pressure in the subsequent treatnent stage is lower than that in the 25
initial treatment stage, thereby to obtain nmore vigorous drying of the

i s N s o g T A e e

2b03 , PCT/P2BY3rU16Z65St AgRIORPER AOHr PEEPR RS oh atadeh Jobfty insie T S por t
t hereby being produced; and calcining the dried inpregnated carrier or

support, to_obt ai I’J t he catal yst Erecursor 5 The resul tant cat aI yst
precursor i8°°PRAIAGCtGe? s%’o‘f% t BFPESYr RfucEPBn, ITYEH IR t BhBBEai hSa

cat alyst. TbEOdeQdS wxp@dcess&t alfyst ﬁtémfinﬁrﬁ)é d:@t@la{/)@tcw:@rcuﬂ:@otn
particul ate % | nmcgﬂ 2. ANy comerci ally avail abl e oxi di c catal yst
support can 850(: Pior=c
subjectlng, in an initial treatment stage, a slurry
comprising a porous oxidic catalyst support or carrier, an
active catalyst component or its precursor, and water, to
10 treatment at elevated temperature and at sub-atmospheric
pressure such that impregnation of the support or carrier
with the active catalyst component or its precursor and
partial drying of the impregnated support or carrier
occurs, with the initial treatment stage not continuing
15 beyond a point where the impregnated carrier or support has
a loss on ignition ('LOI’) which is less than 1,2 times its
loss on ignition at incipient wetness ('LOI ,');
thereafter, in a subsequent treatment stage,
subjecting the partially dried impregnated support or
20 carrier to treatment at elevated temperature and at sub-
atmospheric pressure such that the temperature in the
subsequent treatment stage exceeds that in the initial
treatment stage and/or the sub-atmospheric pressure in the
subsequent treatment stage 1s lower than that in the
25 initial treatment stage, thereby to obtain more vigorous
drying of the impregnated support or carrier in the ~

subsequent treatment stage than in the initial treatment

SUBSTITUTE SHEET (RULE 26)



10 catal yst supports that can be used are alum na (A1203) and titania
(Ti02). The support preferably has an average pore ~| di anet er4 dsrRaweznos 8
and 50 napemwwhMie, nore preferably between 10 and 15 nanongg /?399/-5%%
support pore volunme may be between 0,1 and 1nP/g, preferably between O,

and 15 0,9ne/g. The average particle size may be between 1 and S00

m cronmeters, preferably between 10 and 250 m croneters, still nore

pr ef er abl y bettageen Wil hared d20@ driiapoeemnartsed Alat her i Srpsabpored tas rtdrs,
support, escribed further hereunder with reference to
al um na as czi%)é]tr}%e E{s}‘yupporet \ﬂilcfe the active catal yst conponent can, at

| east in principlaaldigingy theodn iEdstherednepech cacthieer mmnp@ctrtsudjb as
cobalt (Co).odd0m () ’cart'acliyét ;\i'e)cd?:rsdxu" heni um (Ru); however, cobalt (Co) *
is preferred. In particular,” a 25 cobalt precursor can be used. Still nore
particularly, cobalt mtrate (Co(N03)2.6H20) is preferably used. From

L 18x5 to 1182y ot 1€anh08)2a0VR0 prdct pibEaLly b eesetteet heubieldiala

t reat nent stage where x i.s pore volume of the alumna sdpport in
nm2/ g, and yq 4 GRan ofl“3(?r£ tr?aogfﬁp‘d'tta ©2b81¥/pregnated, in kg. The
process may include initiall y di ssol ving the Co(NG3) 2. 6HzO in the wat.er,
which is prglt rabI di stllC{ d MARCH f 003 WD 001 20116 PCT/I 9%/ 01
626 water. SUrfiRd e(?"H wat'st ya%ae Yite ™ SRR Fh IR Y helrt/opﬁﬁjélSF ffe

solution is igr e@taerrtltcluétat)eyefoamd pr efrer gt ynd Sphbout aRyy e commetiad aldrsi on
of the inve { l; ut b t t ate erat ure.bet n
80C and 950t S ae: FaBaTREE FupeET 6 Benu Bl Biipp 2 &

at nodBheric C@r@s/lﬂte suppofrdismtied Slagy be. Uﬁﬁeisdinerylnm}mtae mbé@q and

preferably aneGeNtTABOYS bASE Ssusthy ﬂ':?@f‘ér&f)l Nhihat ghnalve&a Er&escrew

in a conical vacuumdrl r in which 10 the slurr%/ s hel I'n th itial
5]

treatment stHG@CERIcuBRFIEGDt Hen agicadall | J2BeMESEHiSed t“@rtenep§?t§|elf?~bly

preferably WadGeconto RWAUS 5MnknBGetegsSt | ?’IYh!engsu BpEF€0porat va1hREPRIagt ur e
bet ween 60C andeSC whi h]nrraé/%ge %\?e sane a tenperature to which 15
the sol utio®S sPRRFEFD I@ al'ffBFg Yof weER s Lohs @t es

the 1Bitial o roeet/ment THe tdreeshge rgarandlet dixd npayt det Hdwatedmeli ainid al
treatment b f g excessi,v oi Ling of the
Slurry s g e atERliehl: 3o hREr APy ek Brc ratt P bor b RBndhet e, i s
appl i ed dur istg ltlhempnet |I3Heit¢lem3mentb8§tﬂ@@ei Mehp bendbwﬁotoo B0k Pafe) erise

bet ween at I SRSLH, calj y
about 20kPg%§%t&flé{ra l%r urrﬁ%eﬁ%a%? %Qct an about kégsgﬂghgﬁf (:)Llr%ea

slurry terrpéteaq;@eét fzsrté% tr%ewﬁi%tawatbeat%eteeeagé:q sa i epaisy
contppued umHd suppdr@ss on ignition ("LA") of the inpregnated al um na
support is 1,2 tines LOIW ie 1,2 tines the LO at the point of incipient
wetness ('iw ). Incipient wetness 30 occurs when all the pores of the
support are Whillleedtivet hadt oe d catc iytsér e cosmmpumeaxtc essampi sdtur d easer iand

above the |i U|red f h e nt.. _Tvpicall t
initial trezg)t me(rét:tl Bi5te vm I‘%R)t’) H’ b E‘Fé'%ﬁ{)l1‘uf_::rsrs rg%&?mrce. achfid c)ﬁmpoﬁ%nt
such as cobalt (Co), :Lron (Fe), nickel (Ni) or ruthen_ium

(Ru) ; however, cobalt (Co) is preferred. 1In particular, a

25 cobalt precursor can be used. Still more particularly,

cobalt nitrate (Co(NO,),.6H,0) is preferably used.

From 1, 18xy to 1,82xy kg Co(NO3),.6H,0 may initially be used

in the initial treatment stage, where x is the BET pore

volume of the alumina support in mf/g, and y is the mass of
30 alumina support to be impregnated, in kg.

The process may include initially dissolving the .

Co(NO,),.6H,0 in the water, which is preferably distilled



WO 00l 20116 4 24 MARCH 2003 , PCT/1B99/01626 Loss on ignition ('LO") is
defined as the mass o | oss observed during conpl ete cal ci nat i2MARCS 2oh3dr i ng
deconposition to Co304/ A1203, experinentally to be determi ned as the nass %
| oss obs®MA%46ring calcination 5 at 400C, ie at a tenper SFLIBI01626
sufficiently high to ensure quantitative deconposition of cobalt nitrate to
Co304) but too lowin order to effect the undesired fornation of cobalt

al um nat es.ygter. Th@ufﬂci’@tﬁt&'%éﬁe&“ﬁaﬁé%@ Qée&nghe&legﬁa\rgetﬂ?ésvoiﬁméo | W

10 can be expressed as a function of t ore vol une o e support as well
as the anp bhecfdufsioract § vOrEHHhefithary w8l npreynarederaihd oot e

vol ume of tdwosuppReft, prior to inpregnation, is as stated hereinbefore)
equal to x nB/g. The anmount of Co(NO03)2.6H20 to be inpregnated is M 15 gram
per gram of support material, and will fall within the range: 1,18x to

1, 82x gram per ogeanr&Hpis t offatelié alinWdnsibhus et er Boned ivh t hayaneant of

Co( )2.6H20 initjally used. The L al ue at fhe state of incipient

wet nees cal etk £l & SFRETERepeby e |69 a0 §2°C pomiER) he (o,
475M + x + dijpgort . then being .added Thics shewsdlhatidheat Oatatodpteesiat e of
i nci pi ent [ S p n re v -0f _the suppart and.the
amount of (%g;éG (g ﬁgg@ Etg%n'g%]g&ég?él ys?hgp%plg‘lrra'{% o[ﬁif‘YT%g g‘?h u%1

dryi ng produtfierainty | onheal Gonsinuousi nbesis, | OpsW brsuresnshavfabaut 830

of the cobald dyi{dat& dat GHpYUdAAS M8l ¥ dbAMRalNLA dulifn RAVES Ofn thigs &) umi na
support w thout the occurrence of |ocalized saturation, which results in
prendt ure diastRIYTBAtioMe S cobalt nitrate. At a noisture point sonewhat
above incipient wetness) ie 30 when LA of the inpregnated al um na support

is 1,2 tinmes LAIW aggressive evacuation, eg increased vacuum pu suction
capacity whéh @& Hhnpr FREBERE, Sﬁaﬁ%e-&%wi@a}' FHePh@%iFBngh}ént
treat nent YHYeagappatiedhetsarshe 24uVARCH 2003 MDY 2Qidde5 RCHY BRI 62D
tinme, it is .ensured thgt t he support trfenp ratyre is controlled at %J en
60C and 95C 1 PHtE, SthEF A vESuum GFEES AT whi"GTRHE T e support is
cont ai ned iand 19 fr mhafchambgdbei hesedmeams ndree asehesettturyg tod whisclvacuum
5 drjer wal %{ 4 . 1 S e suring. e hpd - demperature
is closﬁtrol Ideh(iEt be vvetgln' glcé alrlféj?‘sg%,l%gng%%&cﬁ't F%to%%%?ﬁgkfhg, eg seftl rring.

Thi s const iTitescanet SubskFueit tRdhiAdnttyeRrtpeRh abr bheorsderuny drafitg of

the inpregnat eds suppoFdadakesapl ese. iMea dhe: poibhembene ket ed Lin 2
times LA | Whas been reached, the nore, forceful vacuum dryi.ng durjng the

subsequent & [BFRHE, TSUGE pri€t ST HYOcBRALINT &F Glen S &6F fRhi on,
preferably m ddeideandi tions:

20 The sub-atmospheric pressure or vacuum that is applied
during the initial treatment stage may be down to 20kPa(a),
ie between atmospheric pressure and 20kPaf{a). Typically,
the vacuum may be about 20kPa(a) for a slurry temperature
of 60°C, and about 83kPa(a) for a slurry temperature of

25 g5°C.

The initial treatment stage is preferably continued until
the loss on ignition (‘LOI’) of the impregnated alumina
support is 1,2 times LOI,,, ie 1,2 times the LOI at the
point of incipient wetness (’'iw’). Incipient wetness
30 occurs when all the pores of the support are filled with
liguid and there is no excess moisture, over and above the .:
liquid required to £ill the pores, present. Typically, the

initial treatment time will be up to 3 hours or more.



>60C, but not higher than 95C, and at the m ninum 15 pressure which is
attainable, with this pressure being <20kPa(a) Vacuum dryi ng amgierchH bwse
speci fi c ve@pslhdiions should be maintained until a clearly de{,'&?{@pggnm%num
required LA value is reached, which value depends on the need to store 20
the dried material for a certain period of tine before calcination can be
executed, as hereinafter described, and this maxinumrequired LO value is
snal | er thabpser enudlgrtioidh 90 LoTes Lk 1\defBheedabsi naki amgd thilpsdried

T eal o gBpRRYda TRYaleifs o1 EHARId B bal AR aRer nort ar DA
250C. The pd@@@gqumﬁslqﬂhvolﬁﬁes l§-‘s13|@g/éls203r.ry expeanmemteis!syof twi stoer e,

to achi eve hERLeINHdPNa8f chhenSRPAr liod0 BBEE‘E%BGH? Nga109 natio
|rrpregnat ed support in a gradual manner durin he i ni tréat ment n’[age

unti |l 2 tRRe4093Q: fie \%ﬁeﬁemm@r%%%ﬁégféﬂé@ﬂGlIlehytht@f ensalre

subsequent hﬁﬁ?ﬂﬂ&@tﬁ&@%dzémﬁ&&@@i@ﬁ W idoddme: M JBYE redwd ed Lgycval ue
is attai ned 00/ 20116 6 24 MA 2003 PCTI 1B99101626 Suffiti‘ent cobal t

nitrate mayCPRi t+QV1 yihe WGEF t 6ol Hi¢Ch ddkal Hrrdssdrrg b@%‘h’-% ed/ 1009
support andcéBg lCo/a000ei vappert, preferably between 20g Co/ 100g support and
40g Co/ 100g support, nore preferably between 25g CO/ 1009 5 support and 35g
CO0/ 1009 support. The maxi mum cobalt | oading attainable in a single support
i rrpr egnat i oihst &0 Iasrdicrei abet beesdaser bifed ricsi pisergi wedtresslahlee DOI Jabl e

Cpgrel at egg het ween, QESdV%lsu@oﬁg XHLMYP %eagﬁn&@a%f rﬁgbg l!h%ad' ng

Pore vol unme of suppor e prior t |rst I on
attai nabl e gvbaiort Gliwgjol oos Mg%ﬂ@gnt;opf.oagmz@:szsacsgvm B@o

Co/ 100gA120 / 109gAl Al 86
T 931 00 Coroh, Mot cl; JA0 HEh honTheghocid Fapednth, 38,0 .

Co/ 100gA12088, sgnwglzgteeﬂ@/ 1@0@&12@%@%@ n%?ﬁ?gn%f%ﬁhlo@gmféosm 8%

me/ 929, 29 Cak}¥Q9AIPRS0aRBuRe/ $28, & ND{)L Otmgo Q@%J hﬁmppé@wabaoisagl b
| oadi ng i s defined as the maxi rrum baI fa (g at. whi t he qobakt
Ui E2at i onSFSTORRE SR e U e bt opdanin E

appl i cati onrahge :Ca/ AJSBO&d:aI,aﬂzystgram paasS ghﬁreremmmtti heitexidirecH is
propor ti onal ¥ bel ween; ekl | eRdT Rk CBEAINSINGY; QILALA Vi LY c§Xh L ed-uP
used. The LOI value at the state of incipient wetness can
be calculated as follows:
20 LOI,, = 100 ((0,20M + x)/(0,475M + x + 1)) ........ a
This shows that the LOI at the state of incipient wetness
is dependent on the pore volume of the support and the

amount of Co(NO,),.6H,0 used for the catalyst preparation.

The gradual drying procedure until the LOI is 1,2 times
25 LOI,, ensures that about 83% of the cobalt nitrate is
quantitatively drawn into the pores of the alumina support
without the occurrence of localized saturation, which

results in premature crystallization of cobalt nitrate.

At a moisture point somewhat above incipient wetness, ie
30 when LOI of the impregnated alumina support is 1,2 times
LOI,,,,
suction capacity when a vacuum pump is used, may be

aggressive evacuation, eg increased vacuum pump

applied, in the subsequent treatment stage; at the same



30 to a cobalt |oading of 30g Co/ 100gA1203, for a A1203 support materi al
with a pore volunme of about 0,5nB/9, and an average pore di ang4 BARCH 2002
manoneter. It is clear from Table 1 that an opti mum cobalt | oadi ng of 30g
Co/ 100gAMB802UARGt be achi eved on a A1203 support. 35 nat FGHIBOHPIR6 2 pore
volune of 0,5nE/ g, in a single inpregnation step. In order to achieve a
cobalt | oadi ng of 24 MARCH 2003 WO 001 20116 7 PCT/ | B99/ 01626 30g

Co/ 100gA1203.in a singlke i ti te an_Al1203 support nmaterial wth
a nini num pg:rleé\g\’/ol Elrtre (%g Oggésrrg%ﬁ i gﬂrachufgpgd. S‘r‘ﬂp%ﬁor‘g%ﬂ% TRt heS
i nvention, thetreldieteditcdtetiwesenph@Car sod G5t°ai. ned Husomuttien ab owarmumti oned

initial 50 LESt si at {,an j 10Qg 1l nat e of
a support n%f%lr%irrél l\l?vin?hggﬁp%lrlg %@F&%@H&%#Eﬁgf’gﬁ ?rgs(?g%gg%ﬁ iiegﬁ?e 0 a

further inpfegRabifor, bedyi g amedal 31 ntRGIIRSed setecionl ey neadwemst ep.
The spcond §APERIRAAIION St ABYrEhen QR %ﬁelrgbﬁg@n%tﬁf}% dHh@ncp i tial

treatnent stage, a slurry caqonprising the_cal cine terial the first
i npr egnat i ohegt EpMP&F ey & AU YEP tedperlerrenre §1G R Kor  unier
water, to teeatimobuat elievaged egnpeeairviggand ghisubabABEPREEES PEIRSSUre
such that inpre ngltﬁig@n of the calcine .I&gymat erial with the active catalyst

corponent oFfYPE ultE§P BNE pat i P16y P0G Sof o RE i AR Phdthe? i al
occurs, W timphegngitisidalsuppeattnardk st agkacet aidd M pdianondher 9 aiat

wh the i i al ich_is | h tines it

(G R 20 thet e rups FO Ll Biad Bach roachdlehd afed ittt ap i ' °

partial |y ddrgdngnphegheg et heat subakquentr eatemmerdt stegat qurafaqmvhy ure

and at sub-af gpspher | pé?%fﬂéﬁf?u&?éﬁ tgé[%hﬁ%mpe[ﬁ}é’{&éﬁ%hﬁtsL‘H’?@quent
a e | 5

treatnent stage _exceeds that 1nt Itral treéatre age and/ or "t he
sub- at rosph@PREe1lpAessure in the subsequent treatnent stage is |ower than

that in the initigloldeayenicst adhdhaiielly 9 Obt 2hA HPr @ hW GRPUgudr Yi ng

of the inpregnated material .in the subse nt treatment stage than jn the

i ni th%al treat nenPTEEEYEE ﬁ?‘al iaetf&ailrﬁlggg&mab’éﬁh%hh%t%ﬁ%?u%%é?ee‘ﬁw bei ng

produced; and cakeiokipad atyhe dried inpregnated material, to obtain the

catal yst precursor. As also stated hereinbefore, the catal yst precursor is,

in practice, reduced, to obtain a catalyst. 24 MARCH 2003 WO 001 20116 8
Vacuum drying under these specific conditions should be

maintained until a clearly defined maximum required LOI
value is reached, which value depends on the need to store

20 the dried material for a certain period of time before
calcination can be executed, as hereinafter described, and
this maximum required LOI value is smaller than, or equal
to, 0,90 times LOI .

The calcination of this dried impregnated support may be

25 effected in a fluidized bed, or a rotary kiln, calciner at
a temperature from 200°C to 300°C, preferably at about
250°C. '

The process thus involves using a slurry, ie an excess of
moisture, to achieve impregnation of the support;
3¢C thereafter drying the impregnated support in a gradual
manner during the initial treatment stage until 1,2 times
LOIlw"

treatment stage is effected until the maximum requirad LOI

whereafrer the more forceful drying of the subsequent .

value is attained.



PCTI 1 B99/01626 When a Co(NO3)2.6H20 precursor is used in the first
i npregnation step, then the sanme precursor is preferably used24magdrezosscond |
i npregnat i @i diBPre The anmount of Co(NO3) 2. 6H20 used during tlh %ﬁgggglﬁ

i npregnation step may 5 be from1,18x1lyl to 1, 82xlyl kg where x|l 1s the BET
pore volune of the calcined material fromthe first inpregnation ' step, in
m-/ g, and yl is the mass of calcined material fromthe first inpregnation
step to be i Gpfégmakced icobahe sé@ma@einawegmmﬁinlbﬁebe hméQJtathtaange
of cobalt nitr f fI j I|t vvlth e t he
cobal t |Oadl%’ll %§aigeﬂr4‘e§u fg(nétt“gea%dal @é’ nec?rb @% ‘g?(&BO

tail oring. F‘é\dpéﬁéﬁfpl e PrgfEy aliloni rkﬁti‘seﬁ!ml t R8BI §20u(§él:0915 tShvepp;u;tporand
material, Tabbg BopigyhdatophtCOmela! haeReLIGEN KaLLRANE Y94 B/ 9hokhe

starting 15 alumna, i& x ne/g, and the enpirically derived naxi

attai rrabl e c%BEPPrFoéﬂianSi?nc‘a/%%95%813132%1‘ egnati on procedure as

her ei nbef ore described. Table 2: Correl ation between pore volume and

maxi mum attajnabl e cobalt [0 Q 25 30 Pore vol ume of support (ie prior
to the fi rsﬂﬂﬁpi“@@‘ﬁﬁ‘l“f“oﬁog’?g %&%llﬁﬁma&tt% % tdbal lSlirtﬁifﬁ’ n§BPPOLLo3 5
, 5gCo/ 10 CGiwpp2830a24934, Egé‘p/é.@OlgA&éDﬁl@eﬂBBé Q¢SeriBRE AL Ws 47verd3in

| gCo/ 1009A12,93g146§2 4gCo/ 100gA12030, 4531, 6gCo/ 100gA12030, 4430, 8gCo/ 100gA12

030, 4330,
| gCo/ 100gA12030, 4229, 3900/ 100gA12030, 4128, 6900/ 100gA12030, 4027, 8gCo/ 100gR10

o raPt CypabLENS OOEREERYSE] 02 beRbaf BoYS! DBYIRR & i SOAbmyn

| oadi ng of e starting al umna support rrust
vol uré z0, 43rrE/g © ahtyREple0osba: 0bpading 9 PCT/ i B99101626
)
Pore volume of support
(ie prior to the first Maximum attainable
impregnation step) cobalt loading
0,90 mé/g 32,49 Co/100gAl,0,
15 0,89 ml/g 32, 0g Co/lOOgAl o
0,88 mé/g 31,7g Co/lOOgAl O
0,87 mé/g 31,3g Co/lOOgAl O
0,86 ml/g 31, 0g Co/lOOgAl O
0,85 wml/g 30,69 Co/lOOgAl O
20 0,84 mt/g 30,29 Co/lOOgAl O
0,83 mé/g 29,99 Co/lOOgAl o
0,82 ml/g 29, 5g Co/lOOgAl O
0,81 ml/g 29, 2g Co/lOOgAl O
0,80 ml/g 28, 89 Co/lOOgAl203
25 The optimum cobalt loading is defined as the maximum cobalt ,

loading at which the cobalt utilization is still optimum.
In the case of the Fischer-Tropsch application of a Co/Al,0,
catalyst, it was determined that a direct proportionality
between cobalt loading and catalyst productivity existed up
30 to a cobalt loading of 30g Co/100g9Al,0,, for a Al,0, support
material with a pore volume of about 0,5mf/g, and an

average pore diameter of 12 nanometer.

It is clear from Table 1 that an optimum cobalt loading of
30g Co/100gAl,0; cannot be achieved on a Al,0, support
35 material with a pore volume of 0,5mf¢/g, in a single

impregnation step. In order to achieve a cobalt loading of



This anount of cobalt nitrate may initially be dissolved in water, which is
preferably distilled water. Sufficient water may be used such 2dWARCH b3

vol une of the solution is >xlyl~, preferably about 2xlyle. This solution
may then BEOY/WEWt ed to a tenperature between 60 and 95C. THEGIHBEYEWRGt i on,
the final inventory of ylkg of the first_inpregnation step material, ie the
catal yst precursor of the first inpregnation and cal cination step, nay be
added at at } re, il tinuous m.xing of the 10 upry is
mai nt ai ned, n}e)(g‘fll}séjn%oaﬁﬁ%%éaﬁl? \rll\?ersﬁgﬁg(\l%gt %@Pﬁég crgrtejv? nsgegonia@al R@a@&um
drier. In theuppott alatewistirenttstage rofmuthepseeond livoe exdl ifombi@pis
vacuum may t ual pRLLhed §,9chh :eferah) %gpﬂg

conti nuous m X n%f&gg s%li;{r%)?%g, the_geo?}:hlg:%% ugﬁ?gﬂgérgg‘fu_?gl%e ‘We.e{nl'l%(ac
and 95C, whiat IesE hORSRRIISATeORS AL RE Tt EXpEY Sbher by amfmhienrd solitiadh is
initially hestedirof dinbegaatibaersfapm;&hisg | Sébyﬁbﬁﬁﬁlh@_ i Qi | @he
treatnent stage of_ the slurry, and it is, inportant that the Pniti al
treatment befdts &h & SUPRLTr IRAFAT IRdn LD 2B PRTEX¥eddimE: Aoil idRE 4P t he
slurry is tambe: avei dethjetited nidial furedeEnimphegmaiidhe 8e¢end and

i npregnation_step is. ref.erablg conéi nued untiL.the LO of the irg)regnﬁt ed
material is SEducalrt a*Boitht SRHEPE iIYMRECIBCLPResSEEP wTy pREal TSSO e
initial treatmprdgridmemiddehaenayp tther8 ¢dowopsidk or nore. The

sub- spheric pressur.e vacu : 4.8, appl.i ri he i.ni t4 al

tr eafltr(r)errlr)lt st age W‘Jh@]oegcr%or\%f tgg.ZgE]Pgm?g)l%l i 2988?\?\"53# a?%%é%herai cstip'“;&er%ur e
and 20kPa( a)couiypi siald \the alcigq@dnvadie heahbofit thek Pafat fimpreggiakign

t enper at ure 30, of Caéegvébgﬁﬁ:a§§§:gagﬁ:)mﬁc9ﬁeﬁtiled(fjri’tée??;érctﬁkg'b‘[rdmaﬁéc

As stated hereinbefore, this gradaa rying pro re un Isl, 2
times LO | WYHERE est@h&eabBeltaRt eievRéed 1teppegegure -and BagooBth 626

24 MARCH 2003 désnbald pliedsatre kacHuankict iﬁip‘t@gfhﬁ%‘ﬁ HAtthd ey RaT@sy of
the cal cined material w thout, the occurrence olf ocal i zed saturation, which
results in prafRire WY althSar o0 8F cORHALHE r afTPRACR trpiot urkEHoi nt
somewhat abgqweedurtdwd paedt puet heds driydre dhe tpe nimphegRake nmatleriZal
tir,~es LG i~, aqggressjye.evacuatio i_nczeased vacuum pu ection
capacity wheF & cum'nl:Bur'r%ei elrlljlst-’eldi,]1 m?l:%ebae “éeprb i (!J_‘,aq(% Pﬁg rscrlp?&el%‘ﬁ:‘fng
treat nent stiageornd & hposetondianepreymatimprresingt edt mate siate hasea KOs

ensured that uhporty denper aties i s cophiol l.ed at between 60C and
95C. Thus) v%%%]lssazluum cf'lrl} er, ‘in which tﬁg :E'Er%%rlé’gnat ed material is

cont &%ed in the GhrRTter bed il s BsedSUBFEETHased LRARNGRE of F¥RITacuum

rier vall tamPRIAHE kheUspdre 1AL Ay BASUrinSrégabtbhe Redeteaperabure
is 15 controll ed beltv\%en gg%ﬁand 95C, under con@z—guaus m Xi ng,

stirring. PXIERABISAL % REAVELEGUMSTESIAALES) AT aphl iséﬁ’,'a\}ﬂ‘ﬂqséﬁgeric
si mul t a: ~eoystesAnSUr isigH hahathethed tenperaitins doas ndie dreyyb e 60C,
under contirn:,,vus mxing. This .co itutes,the sybs ent_.treatnen
stage. ~0 G\tc}‘éé%%erbtoi%a%ng?c EEE&CF gﬁ%t 2% ?“D.ené'glL Efeﬂ- rheaast"beergtnrgﬁ-‘e%%%ed,
vacuw® dryi rendiwt nghehe sshbséequephetrneat preasmsuse agen prefer abibsgauenkeeds
in an uz-~a: ~1§§Em %‘ELE , e y t itqnsy; B not
hi gher than : ng‘%rgtda% eq%’ %P&Efrrn Egg}c}r 82‘?& rel%v\/ﬁ:l C lldslq-'gjl _lai na%ter‘?é&é\ntt h
this pressuretdms ng thegleba( afe \elebalnn @eYyengv badspushedeyspaci ¢fc the
condi tions SW dRiReained yat theasGheaidue el Aot @t BrRdO cyvahue
i s reached, c%gﬁ\?% ue depends on the ﬁeed tdo Store the drtjl:,ed &

in the initial treatment stage, with a dried impregnated

30 material thereby being produced; and
calcining the dried impregnated material, to obtain

the catalyst precursor.

As also stated hereinbefore, the catalyst precursor is, in

practice, reduced, to obtain a catalyst. .



30 material for a certain period of time before calcination ca.n be exeClUt;
~d, as hezeinafter described, and this maxi mumrequired LO va4 MERGH2003
smal l er than, or equal to, 0,90 tines LOI ~,,, . The calcination o~ this
dried i nproemnratied material may be 35 effected in a fluidi zepchesdgotarsa
rotary kiln, calciner at AMENDED SHEET 24 MARCH 2b03 WO 001 20116 11 5 10
15 20 25 30 a tenperature 250C. PCT/ 1899801 G26 from 200C to 300C,
preferably at about During the first treatnent stage of the first
| npr egnat i dHest e arfél Oz | AP hePFRFETSPreatimenusedagénof thhe §drehd
i npregnat i Ci'?ng%&jha@m&ﬁt &l e3P UQh@nWt@%”@é’rﬁesglrtea&fsd}al i@dbyﬁtéﬁgblw

e

platinum (Pt) be added, as a dopant capabl of enhancing t

reduci bi | i t%ﬁetﬁ tlFPe SEE; v%e€8ﬁﬁonéﬁ‘Pre‘Fﬁé‘ St&For t i of®f aMeEngal PAdi um

?{ E\l atuhn;Jrnm(?t @) t.ed knew@éml au@‘&'fn@;l tﬂﬁﬁy sea-died rQ ?%ti@ﬂtégﬁﬁtﬁﬁwg '
i ther se s in the ar at hig

dryi mg rat dgFg %b:ltd&?/ E \FI)\Q gﬁcﬁb&é{; FFEE’ ahd H#FyithG BET PREGIt in

cat al ysts widlune Mﬂmgmmﬂscnnedomaoprd:adl Stbibuheoniebtt bepaedhaeion '

conmponent i t tjcl gnge of _an eggshel

di stributi o# t‘gur%?u“?u)r% yf&ql(::1 Yha]ggn%bvgb@%ﬁgf8un8a}ﬁépe§v@%g?¥l?k’lefrom

macr oscopi ¢hd i Putiimpr @fnahéoac sitep tgnpenemprlegn‘ameyd hanbbenseasnd

controllin “wlee r f urr A e
fromthe p% Ogﬁ{é/&ﬂgn %t#%épLO&FWk:}Jtrl nbf.h % §§ arﬁgc&séej%%in%g?%?ét%at i on
stepd, a catldigwy f@x @ allrm*éedeﬁlﬁéabaéf-w t»rythn respesitstenthe odbaihed.

The sl ope ofpddigndlr WY dHeOf 'rle%ul@af&@e HYADGsE Al EHetB%oEQEHEdOfb
i nci pi ent wet ness shouL(PFFre era I%ﬁﬁ greater than_ (0, 048 h-1) LO IV\I The

sl ope of t IFMRRASA g3+ BYi-s destiaiRiet whet palivpisg itﬁcvm'éh%lly )
wet ness. Thisedmyade %@@e bup@s@trcml | i mﬂéﬁhﬂﬁerTﬁBBéal 2dapao{r9d@@ efmerl cal
equati on, X+ cal cu t he derjvative_at poi nt .

i nci pi ent \é%’%’%eglsatjﬁ?ergﬁg ViERgt de gbr?e’ﬂc“' a %‘& ieis]] eogquﬁﬁ‘?on 'f?)r'f‘f'?gt he
expdarls nent alwaireg, t hies }typné/@_;f egodt ithie sdropi diballgediexxictadsi maek ymbn
calculate t \r ra nt. i f incipi :

wet ness) féa?: aadllryd&g? n &§P8;H I eg%éég%eM&ﬁg%% %‘98_ Q£e8 iﬂﬁf@ég&élon

procedure as hereinbefore described.

Table 2: Correlation between pore volume and maximum

attainable cobalt loading

20 Pore volume of support
(ie prior to the first Maximum attainable
impregnation step) cobalt loading
0,50 35,59 Co/100g Al,0,
0,49 34,79 Co/100g Al,0,
25 0,48 33,9g Co/100g Al,0;
0,47 ' 33,1g Co/100g Al,04
0,46 32,49 Co/100g Al,0,
0,45 31,69 Co/100g Al,0;5
0,44 30,89 Co/100g Al,05
30 0,43 30,1g Co/100g Al,0,
0,42 29,3g Co/100g Al;0;
0,41 28,69 Co/100g Al,0;
0,40 27,8g Co/100g Al,0,

For example, if the objective is a final catalyst having a
35 cobalt loading of 30g Co/100g Al,0,, the starting alumina

~.

support must have a pore volume =20,43m{/g.



WO 00/ 20116 12 PCT/1B99/ O 1626 The inpregnation and drying of the catal yst
support in the sub-atnospheric environnent, ie the initial and4y4Bseeasent
treatment stages of the first and second inpregnation steps) can be

per f or medWO0/204k6 exanpl e, a conical vacuum 5 drier with rotR@W/m§s8mweew or
a tunbling vacuumdrier, preferably a conical vacuumdrier. The desired
drying profile can be achieved by decreas?ng t he sub-at nospheric pressure,
by nmore effigient_mxing, .. by ipcreasi tk~e,tenperature of the vacuum
drier wall, Tg}l%f”f“ﬁ‘éngo"ifn‘r‘?%ﬁ%gt‘?b‘hr%?ghﬂﬁyaﬂngg?ﬂﬂg R AL FREGRAN
treat ment stagesr putwhregf e ablpreifemtiieved sy Imede widé€i entgud sd digent t
has al so hi eral l e o) o.those.skilled in th rt that the
i mpr egnat ed%ﬁd’dé]grﬁqgg %%t eU>r/Siegcf9 %eéeig %?Engggsggtlflp\? 6’3 c?&eciﬁ‘?gd‘%]rﬂféd’r%t ely
after inpregaaty,dn gk isralbply ngboher2u{y, A. | ebisigslesi e catrmdy Sthactbeyi ty
has, Boweven,ees eLved.d, e ctqrg d.pet nyt.Be catalyst, -
support i rrpree nat?o%r%i ggeaé]ﬁ%%ctb%ca c%rﬁagleonamecgu?%rlﬁs'i ng 39, Sl‘%l?lsﬁas
now been fo uhbeni f ERE dfyinad 20npiestiony | refacaokdanee witthe t Helrst

i nvention isntegtat N8nt R baSELENE 1L r q@ Nl é&é&ﬁsta?%%ws& iS¢

i mredi ately continued ynder the sub-atpospheric pressure at tenperatures
bet ween 60C BLESEo MBSO ARA FRARLIDAGLONZ AFePhe MaaxibfurAdded

gl | owabl ehsrao:r aglembisfme&{ica@i@dﬁ‘éu%, cmcijlt;jcortsodﬁrg;&l{]y ﬁﬂ)éiil‘lgn%ntthe

et n the catal yst support_ .i egnat.i on/ dryi ng_and the catal yst precursor
cal \é\ﬁﬁati on S Ié\r%i ?’ﬁcf“af’ﬁlr?@t’i"%'o%q_cﬁ’yuﬂ?géﬁ gé e lEéereE‘LaiM"HQﬁg)ttHEg

i npr egnat ed sstyporindaycogicad vheusmbshgient treatnent stage, was

term nated and the dried i npregnated 30 material unloaded fromthe vacuum
drying equi prent. The maxi mum al | owabl e storage tine before cal cination
shoul d pref dmabtyebanfisdalt Hareatmesitl/sCrgW) bl theadezon?) impureynathiah
thus resultgddy, a gatal s athdn A dRL 81 JegkLr 74 -BCLILVI LY, RCH
2b03 wo oono >E'[b>' 6 13 PCT/ 11 99/ 01626 1 nstea .o%, spﬁlﬁﬁg %i(_)r stih%'ans /%fr}{\{ﬁ\e
second st ep PURERTAPLY hBNESIuGB IgRuQbhaN i xhNgr afe Sk iNaiag. t &heareof,

tenpgsat ur e dret yeed e At Ke teh e caddimp ddwc paghi el aho PR
thereto, the su%)port may, be added to the_ solution 5 at anbient, tenperature,

wher eaf t er "% eiperBEUFEMBEERRBTE bPr YHICH dbte £0d8tiom 1f divhbmhadil ¥s0C
and a maxi mivaafe@5C qur | @i fife revrac uahieore fixod. vacohis of coRdkRalteds BDa ng

encur ot hat THE 4 SatsF-FPEREnERPoe) £16HE (HOk Vo Gk e Bor P 3P he

ensure t hat tHe gradoal” tr out
slurry, is ¢fffesctiee Onteizahet seatpreneshoe i defebyeddn -a radualeman@dnV has

beenpeached,. DL Ea ¥ QEOUS 5f5£al BNk HeS £f 801 eds By, gidn ngpfdLga slurry
tenperature >60C, preferably 95C whil st applying maxi nrum a ][owabl e suction
capacity affordable by 15 the vacuum punp, effecting a drying rate in

excess ~of (e 04BN ld1 LEFéM¥ment stage of the second impregnation step
is preferably continued until the LOI of the impregnated
material is reduced to a point where it is 1,2 times LOI,,.
Typically, the initial treatment time will be up to 3 hours

25 or more.

The sub-atmospheric pressure or vacuum that is applied

during the initial treatment stage may be down to 20kPa(a),

ie between atmospheric pressure and 20kPa(a). Typically,
the vacuum may be about 20kPa(a) for a slurry temperature

30 of 60°C and about 83kPa(a) for a slurry temperature of
95°C.

As stated hereinbefore, this gradual drying procedure until
the LOI is 1,2 times LOI,, ensures that about 83% of the



1-1hgocet al yst obtained is particularly suitable for use as a Fi schgroo'gggpgg@
catal yst to catalyze the Fischer-Tropsch reaction of a synt hgsWARGHY03
conpri sing hydrogen and carbon 20 nonoxi de, to produce Fischer-Tropsch
products. The invention will now be dggcribed in nore detail with reference
to the acconpanying drawings as well as the followng non-limting

t<:e>r<]arrr:)l eStg.d)}Baliﬂendt&Wt&gﬁ.s @ﬁ%%;éhpmsvr?wal Gneef dHe ﬁ‘éQ?olrfat? atf
e ol n ns | or a SI{sS O
the oLmrBE GRTERPRER, mATEIANY. SR fnd BdRincS8R 8 aptaldnl®tl
vs LA onsm’mhnabli.og, aga,nh |m.3ués:paeatn of resuatend thpstalabystdoaf dthe 30
Exanpl es; &%JBE?QQE 3b sfyow dr yl g R | ?%%. Qf Ts'&?ne%ta%' YShavf

?L uring (51 I nmpre

Exanpl es the first andw se nat i on and
drybng stéﬁglpégﬁéct"?\‘i@leﬁsraﬁﬁ ay the RePYD YieRYg LJ:-»Q§0162 B4 LMREH 2003

14 FTGURESo#a antghy eamw h%v@.'b&d'a'&@.ow of e@eslzpéréé:@e@at@dﬁﬁ@ arrpl es
Z and 4 duri 9 t he %%I rsg d%seco V g{)re nation and ‘gr :}‘)e

resgect . |§éF€7 Fn TAR2EXMApI B3 afl REVES aPYEPs Wer 2PTepa an S

i denti cal apphned, asm dhe dsuloﬂe@uentrpte‘gaaman athgsal @f naheorseccmnﬁh\ever

'n the di E&ﬁ&@gha%&@@%épthscdﬁuéngalﬂec@ﬁmé smand, shnage g hgloween the

ﬁla and eal nat ~.on were yaried, in order to ascertagn the optimum
QAs t hERBBPTrt| ERTRETakBEE 3ShFeRFFOhied AL sh.ﬁﬁifﬁ?’é(f%(ﬂ)élndc %3l yst
pr ecur sor Thas, prehaneda’ wzcoundi rtg:iérthe:.zpr@nﬁsmofcbt&e ‘tQ@'imd A

S U1 on fhekksad ' Okofea (AR p i 0rocts B8 81 D) o6 LNOD) 2, an
support ( RPacaesseSCGEB/1r8p, ofhdrhe V‘oﬁl@mmoerCHSWEl-é tfemmr@&m!drsa ighem e

GrbH of U%Ié%eer'tmx@a 22294 Pl S Geﬁganuédbyta%e&q::h%swor)ort to

t he sol ution. aflrst ion ste the slurry was added to a
omoal ' SOOI LA DERash BN RSy S Ko Ubes Com o TR 5 20

slurry wasg nstresiot 0 G0efdtaslwhi ﬁhxamuacwﬂnmﬂu kaE’akaa{wis appl i ed.

During th flrst 3h S [i an.dna.ti t reat nent. st age,
t he terrpe% redv(/as “?ﬁ'cr easesg'&‘ylg%nfoglﬁg& eae%r%ﬁlé?c tflfa}at %h H'r%s ClThe
LOi.w wasrrememtax@j BgeEsinnft Eqyapi dveliow afd °&opl YRAGE 0.cold itmoup 25 for
x and 0, 8 {361 ﬂ%ﬁm@@@n@@it@t@g‘ ahénbnal,-e&%nlt/l t HiaTn@inte st dg}eOT i w of

V

T D T

i npr egnat |mmumy| r@ms:t%e daringoCtha asubsaguedtmn mm@s:wemt ACG0RgE 1

cobalt 3o ocREYMRes 003 t and
resal ting Eillt’lé ~04/)WI ,203 The LOsna%%’?Q%%ﬂ%ﬁgamr%s 42, 1% ie 1)!%;0?OII

Ther eaf t erat it &I FIMHE L @bsequent treat nen~ stage, the drying was
per f or med m)re ST Esshuel yoti duigherprassurEsvas dedr agsathe enltkifaqa) . 35

Altgg 6 hours, a5 Q61 AL b WP bk 09 nsh3e! ichhenl Bl bt ENERSHEET

<20kPa(a)

vacuum drying under these specific conditions should be
maintained until a clearxly defined maximum LOTI value is
reached, which value depends on the need to store the dried

30 material for a certain period of time before calcination
can be executed, as hereinafter described, and this maximum
required LOI value is smaller than, or equal to, 0,90 times
LOI,,,.

The calcination of this dried impregnated waterial may be
as effected in a fluidized bed, or a rotary kiln, calciner at

AMENDED SHEET



24 MARCH 2003 WO 001 20116 15 PCT/ 1 B99/ 01626 treatnent stage, the LA was
found to be 30,7% ie 0,838LOIw After reaching a LO val ue of4n®Rcé%mo3 e O,
73LA ~W the subsequent treatnent stage was term nated and the dried

i mpregnat W@ WE8pPért was calcined i mediately at 5 250C. To &ETABMP/AHG626
catalyst with a cobalt |oading of 30g Cﬁ)lOOgAlZOS, a second i npregnation
step was perforned. A solution of 9,4kg~0f Co(NO3)2.6H20, 15,7g of

(NH3) 4Pt ( NO3) g distjdd e tercwas _mxed with 20, kg of the
cal ci ned m?e%eﬁiotﬁni%{ef?§?stﬁ%dm¢ egﬂgﬁogdn % ??ée)&,eerb#%ﬁdiar%g ?ﬁgl&

cal ci ned na2éPrEl to the solution. The tenperature of this slurry was

i ncreased to 60C after which a vacuum of 20kPa was applied. The LA | W can
agai n be cal cul ated by using Equation 1, and applying 0,36(nP/g) (neasured)
for x|l and Burang(gheofiKeB)tyeatprpd perdgram ghﬁmfﬁar)sqsim@regmatrhpg

results in §tbﬁlbﬂﬁ¢5r289riﬁﬁrtﬁé Ehesti £pbaBmBakr StAfgdryf NEnei §e88hBNY an
initial treatnent stage of the second inpregnation step, the tenperature

was ihcr easeUPEFERRY18Rd FESR hed? 956G, e s PHREUESPTaf 813 Rburs
was 37, ]9% hpellaaalax@! l(wd) Ther gafattdnum e(sﬁur grmq_z abéoaadlé'tg?@@t%ta@@hﬁent
stage of the_segcond inpregnation st t he .dryi ng-.was perfornmed nore
aggr essi vel §,apf’1§9f3he°g?e§gﬁ?%c€l\ﬁg dgg?ea’é‘a‘a‘l?%b?‘ Pdta) .oéftg"eG ABGT¥E as
det ermi ned €owmpohbheatst artThe tieess nipricplodtrieat neyt Htlegye pallbhdismcoad

i npregnati o t 6 Le LOLLw, Aft L R25~reachipg a
LO value o 1%?8@0!{\%9&&??&% F?vga%tﬁlnslgté% sg(‘:a]tkfer:(\)te tbreég ?r%%tosggggb\[/}vas
terdithat ed BAdOt BelP@sultant dried inpregnated nmaterial was cal ci ned

i medi ately at 250C, to obtain a catal yst precursor. EXAMPLE 2 30 A

catal yst precursor was prepared according to Exanple 1 except that the
dried i npre§hahad hatberhp J@BeERLI¥dIPE nKBOWRY tonFhasthertli hlednbh ehie

tenperatureatar 48aRounsqaf t edrydaeh iﬁatre%gnad&@ﬂn§t epRathefyd© cahgpsati on
thereof. 24 MARCH 2b03 o(g| 20116 1? PCTI | B99T 01626 EXAMPLE 3 A
catal yst pr2BBFEEPGESE & B oM 4t hg T BanpPe 92EREEFESE HEEH h

dried inprepoabgdnasueri alaassadmiced disardbpteodn rowtent tile anbdteibve

E:F@ﬁ%g:f&ﬁcgﬁépégpg?%ﬁséﬁéf%aé5f§§@ sybseayent LPregna Al eR: Bgfore
eggshell distribution.

Surprisingly, it has now been found that even if the
macroscopic distribution of the active component is very
homogeneous, controlling the drying rate of the slurry to
20 a specified drying profile from the point of 1,2 times LOI
during the first and second impregnation steps, a catalyst
with a more desired activity, is consistently obtained.
The slope of the drying profile, ie the drying rate, at the
point of incipient wetness should preferably be greater
25 than (0,048 h™!) LOI,,. The slope of the drying profile is
determined at the point of incipient wetness. This may be
done by matching the experimental data to an empirical
equation, eg y=a lnx+b, and calculating the derivative at
the point of incipient wetness. After having determined a
30 suitable equation to fit the experimental data, this type
of equation should be used exclusively to calculate the
drying rate, ie the tangent at the point of incipient.;

wetness, for all drying profiles.



The drying profiles of the catalyst precursors in Exanples 1 to 3 are shown
in Figures 3a and 3b. The cal cul ated sl opes, ie the drying rakegiARGH 2803
presented in Table 3; and 10 are shown in Figure 1 as a function of the

LO i W TE@PY20316 The tangent of the drying profile at the p&CAIB¥OISHci pi ent
wet ness. The inscription 'Exanple X/ 1 ans: Exanple X, after inpregnation
step 1. Catalyst PrecursorSlope (nPh)Z anpl e 1/ 13, 25Exanpl e

2/ 14, 18EXx e.3/i2. 4 4/ . l.,e 1/22, 7920Exanpl e .

2121 . 95Ex2?rfg+ elf%’é%?‘g%@%ﬁg%ﬁdﬁ]z’%%ﬂe%% i%tiiﬁsgosb‘g’ﬁﬁﬁ CodfafPst, ie
properly estleraahdgpheducednvaranyesntpr ecurtdor siwit Exanphds shbseglkntangi ng
25 betwee AR, 45 ) n, I u ed.in 3 | t. ad_| oaded
in a CSTRntvmif?l an %n%gerﬂgr%%é)\éﬁ%\eng?o? %%%%% ‘?h‘g fhggg% 5‘?5) églﬁgfg?ggggp )
hydr ogen a®eéeR3w boan nbAoReEdE anied HINCOfptl gxamplie, fa ompi6Al wvecRusy 1.
Thi 55 r eact gr; ¥8s BleeCt theaklindreaedwandyrsuf f i@t y, him@@ ;p%&e%?eeds

30 were enployed so as to elimnate any gas-liquid mass tra .
limitationdte B B&d 3f | 5P hEd lcorRFBPe dbie freansThe BiewkeedmnssYinsw

control | ergpogie Spagebeehetiildwsd , byangcrealsiong ke 4uBBAthbskdesatal yst)
wer e used. GC anal ys%% of the p%rfn.an.ent gases, as wz{yl gs the volati|e 24
MARCH 2' 00T SHS&%7 2016  TPHSCTFT SBIOY L 698 X0 he Y hyiFEXTGH%E HBFe used

in order twoemharaictesi zeft hetlpe oductcwapect daiehll wal dl yStodr espr sehe wer e

re ed prj esi:s 4 n.a fupul .react,or at.,a pure hydrogen space
veldlgf;ci ty o#r?%ré(gﬁ%%fﬁﬁaﬁgs al{lﬁ%sp?hlg i (C:iap%rl égsug?}é? ﬁ%)st%%eer?%t F& gﬂgne

i ncreased $tage r dorh perfEalily 19 36heved4BFCrnarecactitieieht1@iring.aft er
whi ch i sothernmal conditions were naintained for 6 to 16 hours.

Fi scher-Tropsch slurry phase synthesis performance results 10 are shown inj
Table 4. IRspamprAs0vtYerbol genered lnCheeBdoiowB2bo18hose skilled

in the art that the impregnated and dried material need not
necessarily be calcined immediately after impregnation and
15 drying thereof. A less desired catalyst activity has,
however, been observed if storage occurred between the
catalyst support impregnation/drying and product

calcination.

Surprisingly, it has now been found that if the drying
20 profile in accordance with the invention is met during the
subsequent treatment stages, and drying is immediately
continued under the sub-atmospheric pressure at
temperatures between 60°C and 95°C to LOI values lower than
0,9L0I,,,
25 conditions in a dry environment between the catalyst

the maximum allowable storage time at ambient

support impregnation/drying and the catalyst precursor
unload’ ie the LOI at
which the impregnated support drying, ie the subsequent

calcination is a direct function of LOI

treatment stage, was terminated and the dried impregnated
30 material unloaded from the vacuum drying equipment. The
maximum allowable storage time before calcination should
preferably be less than ((-8,1/L0I )LOI 1.4

which thus results in a catalyst that has a more desired ..

q+26,2) hours,

activity.



5 10 15 20 25 Table 4: Fischer-Tropsch slurry phase synthesis results

Exanpl e 1Exanpl e 2Exanpl e 3run anal ysi s233S242S265SSynt hesi S 24 MARCH 2003

condi tionsCal ci ned catal yst mass (g) 22,121 ( 120, 7Reactor tenperature (

C) 2212222%0M828k6r pressure (bar) 20, 520, 020, 3Ti ne on st r eamPCT/1B99/01626

(h) 15, 515, 015, 3Feed gas conposition: H2 gvol 9% 54, fi 54, 155, 5CO

(vol 99 28, 528, 427, 5C02 (vol %9 0, 580, 560, 5 éyngas (H2 + CO space3 velocity (m

n/ kg cat/h 52,42, 4Reactor,_partial pressuresH? (bar)4, 04,693, 9 .

bar) 5 a2, 95136800, fory arohE §185e PRRAVE ot Be. Secksh #ksh o heacing

per f or mancetbhaveotubnon% Eynghs¥6, 06T rZT6, 8Rehattiare totthastemperature

specificFis ad LORSEIr agljiyvi ( 7 04C-at.o .

sel ectivi tygggﬁegé 4CO of g%ltlg]t a%yicno%%% o?és(nco%\%ﬁt} rgjcgg’eccﬁ?]fﬁ,lgéﬁlﬁti%vi ng

applied a r&ppPPEH EBBAPEObasée FupEeat Trapsbh lkidded tequbei splusush as:

(T -5 (KFTPEEPER) i£nt 1 tERGE) a2 ure AR tise et hued s Sxopenticale fact or
d for h e relative

of kKFT was 30 estinate each of the reported runs. ‘
intrinsic sPeRFFYc1Ri 4BRERAFRENSEN Bachinimymi of d60i°%kednd 3 praxampBnatii al

factor of CBSQCY§{:iéi/€@r@v§é@98€6hi@b W, vacethnVRECH 2608, Y9, 00/ B@kL6419
PCT/1 B99/ 01626 T, le 1/2), Tn which catal yst z can

be the cataflSt b%ggéﬁg{ Eggfagl,"‘%%;zz?f ﬁezyg?eTﬁérﬁﬁPéedeéﬁiéd tRERt i ke

intrinsic Fiancheasddopiohluct tyi éysuse>tAal3 thndgradseluepthymehe | ass

desifgd S5 rglphbYE LRLLLLPLE I SENGS -JF WS AGELY 1Yo &£ Ee2t2Y. once

the stage described by LOI = 1,2 times LOI,, has been

reached, more vigorous treatment is effected by aiming for

a slurry temperature >60°C, preferably 95°C, whilst

applying maximum allowable suction capacity affordable by

15 the wvacuum pump, effecting a drying rate in excess -of
(0,048h1) rOI,,.

The catalyst obtained is particularly suitable for use as
a Fischer-Tropsch catalyst to catalyze the Fischer-Tropsch
reaction of a synthesis gas, comprising hydrogen and carbon

20 monoxide, to produce Fischer-Tropsch products.

The invention will now be described in more detail with
reference to the accompanying drawings as well as the

following non-limiting examples.

In the drawings,

25 FIGURE 1 shows a plot of the drying rate at the point
of incipient wetness against LOI,,, for‘some of the catalysts
of the Examples described hereinafter;

FIGURE 2 shows a plot of storage time vs LOI on
unloading, again in respect of some of the catalysts of the

30 Examples;

FIGURES 3a and 3b show drying profiles of the
catalysts of Examples 1, 2 and 3 during the Efirst and-:

second Co impregnation and drying steps respectively; and



[1-FOABB0OE 4 A catal yst precursor was prepared according to Exanpl e IB @x@@Ee1626
that there was no stirring during the first and second irrpreg‘ﬁm 08% eps.
10 The drying profiles of Exanples 1 and 4 can be seen in Figures 4a and
4b. The cal cul ated sl opes are given in Table 3, and shown, as function of
the LOlw, in Figure 1. After prepar atffon and cal cination, the catal yst

precursors wer ed, an he,.Fi scher - Trop « Syn S e A5
resul tant cat a?%é?g‘% etd‘ear mgﬁgeid,d‘g;cgg?‘di r%let pégﬂégér &)%Z:d‘ul?'eeg d‘égcr%&ed
her ei nbef oréal¥le sFicfc Bxarfrleps ch ayhthedisingsthesforsthasd &acanbts are

given in bl 4 Igg—d%ﬁ?.’a QO LA, S5 20 25 PCT/ 1 B99/0
( 626 TabIEg Eﬁpgleg&g%r -CJ‘I}QrA\opsch Il??ﬁ?y phase sﬁhesi S Y;Lesul ts Exanpl e
1Exanpl e 4run anal ysi s233S243SSynt hesi s condi ti onsCal ci ned cat al yst nass

(9) 22, 121 1n7Remet Bampiieer,atal® €he) 22PRReast eerpr easipared in an

(bar.) 20, 519, 8Ti. on (hL15, wee co L,Q0;

(voP%) 54, G%EP}@VOI@%)I%??ZS?)&DE%%V&% 0, 580, os%ggébjf‘%glgacqf‘%%ace
vel oci t y( s@d/digataiarh) 2EewerRaacior thardi &feprrs strampie s gdty ARDCO
(bar) 2, 45 Q2R i133( ) Gard®. 8603rhkar) tiked0 ventdiesi sheer ok maceCGuyer si on:
% syngas76, 012, 9Rel ative intrinsjc J%P%%g i ¢ Fischer-Tr0o s%l activityl
(000, 1 1CRISHOH b WS WaRAES 3 o tt%taaﬁced%‘r’ﬁ’tﬁ{{ © OR ted to
COB, 71, 2 =$AMS thah et al yst precursor was prepared according to Exanple
1, except that the dried inpregnated nmaterial was unl oaded . during the

first inpregnation step at an LO of 310, ie 30 0,89LA Il w. After unl oading,
t hédQri ed B3AMBIdhat ed material was cal cined i mediately at 250C. During the

second ,; AdRieeniald edppotited kobdltedatanyeansteguimbervas phspatédaded at

& LA of 2a6cc0{gfdii.r?g Otc‘: l'(i”éoprloxvaSSA];ft %ﬁeuqln%aecljxitri . A solution of
17,4 kg of Co(NO,4),.6H50,9,69 of (NH3), Pt(NO,y),, and 11 kg

of distilled water was mixed with 20,0kg of a gamma alumina

15 support (Puralox SCCa 5/150, pore valume of 0,48mé/g, from
Condea Chemie GmbH of Uberseering 40, 22297 Hamburg,
Germany) by adding the svpport to the solurion. In a first
impregnation step, the slurry was added to a conical vacuum

drier and continuously wmixed. The temperature of this

20 slurry was increased to 60°C after which a vacuum ot
20kPa{a) was applied. During the first 3 hours of drying,

ie during an initial treatment stage, the temperature was
increased slowly and reached 95°C after 3 hours. The LOI,,

was calculated by using Equation 1, and applying 0,48 (mé/qg)

25 for x and 0,87(g Co(NO4),.6H,0 per gram alumina) for M.
This gives a 1LOI;, of 35%. The LOI values of samples of the
impregnated material were determined by calcining a sample,

taken from the vacuum drier during the impregnetion/drying

stage, at 400°C in air for 10 minutes. At 400°C all cobalt

30 nitrates will decompose, without forming cobalt aluminate,
and resulting in Co30,/Al,0,. The LOI after 3 hours was

42,1%, ie 1,20L0I,,. Thereafter, ie during a subsequent
treatmenc stage, the drying was performed  wmore
aggressively, ie the pressure was decreased to 7kPal(a).

35 2fter 6 hours, as determined from the start of the initial

AMENDED SHEET



24 MARCH 2003 WO 00/2011G 21 PCT/1B99/01626 the dried inpregnated materi al
was cal cined i medi ately at 250C. EXAMPLE 6 An al um na supporZ4dthReH 363t
catal yst precursor was prepared 5 according to the process of the

i nvent i oNWOM/2BI6t i on' of 221, 13kg of Co(N0O3)2. 6H20, 121, 5g 8€T/B9II01626
(NH3) 4Pt (NO3) 2, and 180, 91kg of distilled water was m xed with 270, Ckg
of - _a gamma al um na support (Condea sccalB/ 150, pore vol une of 0, 45n8/ g,

f r om Condea, Cheni H of Ub [ 40, 22297 10 Hanburg, Ge . b
LGdimg the EOREERE [iAgs Gt o 2 435 2TGuRs ot o’ Ao b hie”

slurry was added.alg, a conhfaérvaceaahdnger aanboTtontahu®usdfy msxedk, THe

t enper at ure,0 s sl Y, LN 0 _60C and a vacuum.of 20kPa was
appl i ed. Duff fﬁé&}%%wri {r"lfs‘% %‘Y%%Aﬁ‘ég%?aﬁgg%%wﬂg,S?%%lu“r?%&%ﬁ“i”fﬁ‘i‘#&““
treat ment sthge dnird t tnpeegnaredwssipprarteasssl cibolyednimmedibhedl195@taft er

3 hows . T LA | W cu a i ti a i 0,
35 (7 g 107 % Ching 00 oIBraThet RERE DN air) RACBINE LBate SCaRBRSYAR0 T o
results in A0800AIRK0ER0:The 26CPOd vaPReanat: igat stepn@dsapedéoemeded i n

Exanpl e 1. Ahe khuafiler 3ohours, wrg 41)¢8 (V@O(Ng3)1 . @8l | wy sThey eatteer,
during a subsequent treatnent stage, the pressure’was decr eased to |.2kPa( a)

g : 3
and after 8NHalgPtd¥0ddperfidek 1 +o%h Phedksatiled water was Mixade witbnt
stage, the 2O owap dfouned 2altankd dQce¥hidle & Ghewsifhe dmpedghapieanat ed

materjal was,cal cined at. 25 after .a 1. hoyr waitin i me _hetween
terﬁ'i ating“FRE s B’séﬁ@éﬁ]tg g%&af:ﬁgﬁtlnsqdaé‘?%ﬁﬁf%]t aﬁ‘?itﬁl’& W@%O& natén
stage. To obemperatoatal pst tPriscusdormyi t Waa cohatdadeahding @F°30g£€EE100g
A1203, a segnd,.i j e Lfar | ut ] .171.24kg
of o (n03) 9Lkl ovagiat 88 2rcprrBatipB sl e 15,0 e a8t be
distilled wagdcuidadad xed wstinBR3Bayasiorhel cakodneabmigtiord al, B6dmétige
first inpre i e, aggj C als I l: ut.iyon.
The tenpera?ﬂféreasg‘}ﬁigoggycél %ﬁ?;@hgz??n%&r)gggédz @%?&?%‘cgéa%ﬂg
20kPsP was appKi ¥d. T 9 aasHitan Wy D wficBd9t-edPBying ke fixspypRcH
2003 WO 001 R8¥6 22f PEF)EnB991816R6 Hayakhon nkit 1and i ordigk Os8556MBEQ)
for x and O gZD%% Co(di\log&)% 6H20 ,per gram alum na) for M This results in a
LO | w of 28BNeDEFCERgS ABPFESDAtE b SEERyr WS tRFPLE S MG SahnFRPEFEL
treatment ssagelgf 4hé seachdd MEEYnatiemr st dmurs it heThenp@ At af eenas
i ncreased s regached 95C af t,gr hour s af t.er h s_was
38,50, ie 15%&%0%?%5 ‘?'ra{é:bé’af ter , ﬁdt&?zil’r?gt 13"subglé%gg?]#%]r:éatlr?en$u§?§%eaof
t he ¥®cond §Hpsegvariton rstiadmenths taas i $hsasedonde anpteana tizkPstap, and
after 7 hou <N R r fs i Qi gl t
EBe aﬁxgﬁﬁﬁggg Egr%EQ ﬁmﬁk@g&f%%s%lv%h , gf{g%gébggggﬁ§@

stage of the seco ghati on steF, th was foun 0% ie
er

0, 89LO i w. “FFe RFEVFAPr EGnatkef Mt eri ALERE Balleured s 2deceariseda 1
from the start of the initial treatment stage of the second

impregnation step, the LOI was 26,8%, ie 0,92L0OI ,. After
25 reaching a LOI value of 20,5%, ie 0,71LOI ,, this subsequent
treatment stage was terminated and the resultant dried
impregnated material was calcined immediately at 250°C, to

obtain a catalyst precursor.

EXAMPLE 2

30 A catalyst precursor was prepared according to Example 1
except that the dried impregnated material was stored in a
dry environment at ambient temperature for 48 hours after

each impregnation step, before calcination thereof.



hour waiting time between termnating the subsequent ) treatnent stage and
starting the calcination. 15 EXAMPLE 7 A catal yst precursor #MARGHEREY ed
accordi nﬁ to Exanple 1 except that the dried inpregnated material was
stored YR W28\ environnent at anbient tenperature for 26P&IABLAREr the
subsequent treatnent stage of the secci%d i npregnation 20 step, before

cal cination thereof. EXAMPLE 8 An alunna supported cobalt catal yst

precur sor pYagppEepar ed according to the process of the invention. A

sol ution of Co(NO3) 2. 6H20, 9,6g of (NH3)4Pt(N03)2, and Il kg~of 25
di sti || edAwaadra st nPXeauiF ok Z@SG@gfe(ﬂa@Cbaamadiungnd;@uE}gempl(%Cdndea

SCCa S/ 15Qxch rte t\l‘%lturf@xe()fdrqe‘ﬂisrfﬁ( egfr{a%racﬁmact%afl%m,ﬁ Gm?Hr%fd Uherseering
40, 22297 Ha rg, Germany) by ad t he sug ort to the solution. In a
|83

first i rrpﬁjéé’nﬁrivo‘ﬁ%"t‘%‘t @1‘12&‘1‘“}/': V\%%mﬁﬁﬁé e &coriTalovEEURREST dri er
ands cont i adets| yubserfhenthe iwprRemaltdicd ofsddy,S Hahdye WasalBeheasesh to 60C
and a vacEHm of 20kPa was applied. During the first 3 hours of drying, ie
during an i 1" treatment stage, the tenperature was increased slowy and
reached 95C after 3 hours. The LAl w can be 35 cal cul ated by using Equation

1, d i , - WD 00/ 20l 16 23 PCTL1 899/01626
for bRyl RoyRetd dedlEidb s, 40 MR et Beatiitond) & Relbhpady Ol s
LO | Wof 350 Thear@ slown 3nhdiosress 32, a0d i3b .1, 201E | YalThdeadsaid er,

d t t

uring a §EB§%%U9% Lhfea ’f?ﬁhgs&%%’s B‘%ep"p n‘?:he %H%éﬁ?éegé Anf

kPa(a), 5 and after our term ned start o initial
t rb@t nent as€agETe {fUFWef dudé oo ﬁ}’élCZQLCHU Oﬁ eClme guPdL LW The dri ed
i npr egnat ed mat eri al vvas calcined imediately at 250C. To obtain a catal yst

precur sor h a co Ioadl ng of 30g.Co/100g Al2 a second i npregnati

10 step WA Er f3crr K3SGFAt ﬁ bpe drﬁkﬁgogr?il?ﬂoéf shegpodnt1 957y of

( NH3) 4Pt ( N03) 2, and ﬂrﬁ:ﬂdﬁ@m;f wél:&ésksl edrmtmsmspmmd Bikbpd@, &g of

cal ci ned material fromthe‘r_,fﬁ(lrst atlan steé)rl ¥ addln t.he cal ci ned
material to the sol Mi5%W e Ehof R T3 bt P9 r']‘cr eased to

15 60C and a vacuum of 20kPa was appl | ed. The LOIw can agal n be cal cul at ed

by using ___,.,_______________-__-_-_._..-_-_,_,-,____________________________,___.
2.6H20 p i e i QA twWaf 290 _DuUfing the
fik3t 3 urlng an {i ni tial trea3tn%'1:‘1t stage of tlhe second
20 |rrpreg ation st ;ﬁ erature |was increas ovay and reafhed 95C
after 3 hpurs. The hours was 37, 0o, % 8LAO | W Therleafter,
during a [pubsequent Breat mer4t stage of| the second rfl'?) egnation stgp, the
pressure Mvas decre gﬂt 17 Ba(a), angd after 7 ho gas 25 deternj ned from
t hgystart of the iy ol hoat nent stgge of the selcogngl i mpregnati gn step)
the LO was found tgQ 1%5,3/90 ie 0, |86LA W Thezlg@regnat ed and| dried
materi al fpas then %@h@qé /3 dry enV| ronment at alr'rbi gnt tenperature for 6

AL T UTIH CTIcld CUI . \JU I_I\I_\IVI EI— 7 T\ \.avcu TJL |~J| \PAVav | Re v ]| V\as

prepared accor d| ng to Exanple 8 except that the dried inpregnated nmaterial

was stored in a dry environment at anbi ent tenperature for 35 hours after
Between 10 and 30 grams catalyst, ie properly externally

reduced catalyst precursors of Examples 1 to 3, ranging
25 between 38 and 150 micron, were suspended in 300m{ molten
wax and loaded in a CSTR with an internal volume of 500m?.
The feed gas consisted of hydrogen and carbon monoxide in
a H,/CO molar ratio from 1,5/1 to 2,3/1. This reactor was
electrically heated and sufficiently high stirrer speeds
30 were employed so as to eliminate any gas-liquid wmass
transfer limitations. The feed flow was controlled by
means of Brooks mass flow controllers, and space velocities
ranging from 2 to 4 m3n/(h.kg catalyst) were used. GC

analyses of the permanent gases as well as the volatile



t he subsequent treatnent stage of the second inpregnation , 35 step, before
cal ci nati on thereof. 24 MARCH 2' 003 WD 00120116 24 PCT/ | BO% \t¥ OBXAMPLE
10 A catal yst precursor was prepared according to Exanple 8 except that the
dried irﬁﬁ'ra/e‘!?ﬁ&[)'éd material was stored in a dry environment P&/ ETBEH
tenperature for 16 hours after S the sybsequent treatnent stage of the
second i npregnat~.on step, and before calcination thereof. EXAMPLE 11 A

catal yst pIRGHHd VBRI QR Sk agePE ARG d 0i FXBFRles 8 §XCaRlrdtalr e
dried inpregnated material was stored in a 10 dry environnment at anbi ent

t enper at ur ¥ PEEAWEUSPEATS t he subsequent treatment stage of the second
i npregnation step, and before calcination thereof. After preparation and

cal ci nation). .t he cag.&al yst precursors of Ex Icﬁs 6.to0 11 were reduced to
obt ai n cat Ays KR LAY BTERUTE S derFr GRS SDIPT HOF ¢ CHc SIHIFEdR (Hiese
catal ysts detenphhed, raacendi ikt a thigredr hoddvges depaciebede hetetpbeidre.
The Fi scher_TrQpsch synthesis,results_of these cafalysts are given in
Tables 6 ar%é-g'}ﬁp_ aﬁ%-%gf“ﬁﬁg’ S5 BEE3S15 20 e %empera 1€ 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.

Fischer-Tropsch slurry phase synthesis performance results
10 are shown in Table 4.



25 30 | B 009901626 24 MARCH 2003 25 Table 6: Fischer-Tropsch slurry phase
synthesis results Exanple 6Exanple 7Exannp a 8un 24 MARCH 2003
an2~ly ]@;%gﬁgFZS?FSynt hesi s condl tiansCal ci ned catal yst mass

(g) 20, 7 React or tenperature (C)220221227React or pre%%wm“m

(bar) 20, 220, 219. 9Ti me on stream (h) 15, 415, 015, OFeed gas conposi tion: HZ

(vol ro) 53, 753, 955. 2CO (vol % 27, 827, 72fi,4C0Z (vol ro)0, 470, 540, 53Syngas (H +

CO | t ¥4 k | Ly
0O space Tl el or |y Lanakkacaid bl b 0 pRRERCLOL BRI - AU AR 05

t bar) 0, 20,§20, 2Svnt | | esj s aer f or mant dGanvee si o Ex N‘Example 2 | Example 3 |
syngas67, , [ atrve rTntrinsfc Bxy 1 cFi sms |ro ﬁi65$
activityl, G IS sRaGgHOTT Cv et ecti vty 64759 ”"‘"’u tHt-e
reactionr tgy&gpé‘ﬂ%q Vﬁ’as%dgg a2/ ( at, s))) 1, % 0-71 5
x10' 71, 6x 30 a(q,égb I at €[ 7ol COcong totq‘I&I( Lfi |
0'6%6 11 %%C@i tﬁ‘ﬂﬁ’eéa%}%e Y 220
Reactor pressure (bar) 20,5 20,0 20,3
Time on stream (h) 15,5 15,0 15,3
Feed gas composition:
Hy (vol %) 54,6 54,1 55,6
10 CO (vol%]) 28,5 28,4 27,5
CO5 (vol%) 0,58 0,56 0,50
Syngas (Ho_ + CO) space
velocity (m*/kg cat/h) 2,5 2.4 2,4
Reactor partial pressures
15 Ho (bar) 4,0 4,9 3,9
CO (bar) 2,4 2,9 2,3
H,0 (bar) 6,2 5,1 6,1
CO, (bar) 0.4 0,3 0,3
Synthesis performance
20 Conversion: % syngas 76,0 67,7 76,8
Relative intrinsic specific
Fischer-Tropsch activity 1,00 0,75 1,04
% C-atom CH4 selectivity 3,3 4,8 3,4
% CO of total amount of
25 CO caonverted to COZ 3,7 2,3 3,9
Having applied a reported cobalt based Fischer-Tropsch
kinetic equation, such as:
Tep = (KprPypPog) / (1+KPeg) 2
the Arrhenius derived pre-exponential factor of kg was
30 estimated for each of the reported runs. The relative

intrinsic specific Fischer-Tropsch activity is defined as

(pre-exponential factor of catalyst

z) / (pre-exponential
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Exanpl eEx

condi t i Y

C) 2212202
(h) 15, 015
. 26, 827, 2
vel ocity

C3, 23, 63,

10

15

%I e 10Exanpl e 1 1Run anal ysi s224F29F9~Synt hesi s

Ptined catal yst mass (g)Z~, 220, 317, 1React or t eHpEIBIPAFaS (
21Reactor pressure (bar)ZQ 229,020, 0Ti me on stream

, 015, OFeed gas conposition: H2 (vol 99 54, 653, S5z, 7CO (vol %

EZC%GQZO(EV%%M&@#)E %‘épalw‘?;ﬁ%/ "gas) ( L&%b‘gﬁ & g@%gaggé%%gﬁx{ h)

(md, 13, 94r TReact’or parti al pressures$ c
bR &heparatalyst gop Bmampderz /2, 3/2, or 4/2.

The more desired relative intrinsic Fischer-Tropsch
activity is > 0,93, and subseqguently the less desired
relative intrinsic Fischer-Tropsch activity is < 0,93.

EXAMPLE 4

A catalyst precursor was prepared according to Example 1
except that there was no stirring during the first and
second impregnation steps.

The drying profiles of Examples 1 and 4 can be seen in
Figures 4a and 4b. The calculated slopes are given in

Table 3, and shown, as function of the LOI in Figure 1.

1w’
After preparation and calcination, the catalyst precursors
were reduced and the Fischer-Tropsch synthesis of the
resultant catalysts determined, according to the procedures
described hereinbefore. The Fischer-Tropsch synthesis

results of these catalysts are given in Table 5.

~ 5
20 25 30 Table 7: F~.schex-'1' rppsch slurry phase synthesis f&4GH2003



0 22 (bar) C,,, Synthesis oerforrnanceConversion: %

syngasb5, 647, 57, 4Rel ative intrinsic specificFi scher-Tropsch24MARCH 2003
activityO, 860, 710,93ro C-atom CH4 sel ectivityb5, 08, 36, 7Absoi ut ~ WGES

react i oMM ol CO converted to 3 10'7 3 10-7 1 10'7 1 RCOABIYOLES. s)) X
7,X ,X ,Absolute FT reaction rate(nol C?converted to) HC~(t A4 7 0-69
67x10-6 7 0

Table 5: Fischer-Tropsch slurry phase synthesis results
Example 1 Example 4
run analysis 233% 243$%
Synthesis conditions
Calcined catalyst mass (g) 22,1 21,7
5 Reactor temperature (°C) 221 222
Reactor pressure (bar) 20,5 19,8

Time on stream (h) 15,5 15,5

Feed gas composition:

Ho (vol%) 54,6 54,4
10 CO (vol%) 28,5 28,0
CO5 (vol%) 0,58 0,50
Syngas (H, + CO) space velocity ¥
(m3_/kg cat/h) 2,5 2,4
Reactor partial pressures
15 H, (bar) 4,0 10,0
CO (bar) 2,4 5,0
H,0O (bar) 6,2 0,8
CO, (bar) _ 0.4 0.1

Svnthesis performance

20 Conversion: % syngas 76,0 12,9
Relative intrinsic specific Fischer-
Tropsch activity 1,00 0,11
% C-atom CH4 selectivity 3,3 12,7
% CO of total amount of CO
25 converted to COJ 3,7 1,2
EXAMPLE 5

A catalyst precursor was prepared according to Example 1,
except that the dried impregnated material was unloaded
during the first impregnation step at an LOI of 31%, ie
30 0,89L0OI,,. After unloading, the dried impregnated material
was calcined immediately at 250°C. During the second
impregnation step, the dried impregnated material was
unloaded at a LOI of 26%, ie 0,90LOI,,. After unloading,



fi 1 x 10-6 9s g ca. x ,,,% CO of total anmount of GG converted to

QQ1, 41, 71 4 Fischer-Trops~h synthesis is the conTrersien o s¥MARIHSO¥as to
hi gher bons eg petrol, d~.esel, wax. Synthesza g S

m xture w S{?&& rogen and carbon 35 m)r_oxi de as the main ?%Jgkﬁ%ﬁ@? can
be pro3uced frarn AMENDED SHEET 24 MARCH 2b03 WO 001 20116 27
PCT/ 1 B99/ 01626 natural gas by processes well known to those skilled in the
art, for exaepldiad Girparethlateef dBd1d 0 W& tdaal c ddal ih@BAQh RakurAal  gas.
The Fi sche% 'Br%psch synt hesi s process can be performed by using iron,

ni ckel , 2% Cor ruthenium5 based catal ysts. The catal ysts can be used
in fixed, sl urry and fluidized bed Fischer-Tropsch applications. It is
known t hat ré cobalt based slurry phase FischerTropsch catal ysts
produce a wax rotoct . This wax produca can be used as such, or it can) for
exanpl e, bé&nlelmydmecsapkedted pebadt aamlalijfsasqbrdagzupsocrewamplmmrém t he
A5 "aRdudele AP So0ess Be| EhlY 1 REERAISAK! 1A 2ol 1 iBR A2

that i n supporte catala/sts ropsc syn ‘hesi's]
catal yst ceRpodidionofs Gkt anfHE8r 12 lodcnl 9§t H¥H{ s REANE;) @ndatrt@at any

catal yst supROrd1kdTPs £9AaLLON1 BBL RRt Lanyde HMegda '&lmatzvt&%}@t BEYS!
is not critical However, a serl ous pro

preparati on procedure

encount er eﬂa\%“\an LB RA { SURRDEL ad E8PERAG SCE K ndhS fret RS |§°%H§? e
catal yst do, IZL(StmL’S/ry)\leZth %r@?&e Giﬁnll\élhbmbﬁnoﬁf mrce%gf&é&Bn geaot, O:czzlz;??t he

i npy egnat e terla not dried .wit e sane efficie i f .there was
a V\g?ti ng %8 %%et%%’é'ﬁa?ﬁ k()i}fylaﬁ&lfiﬁ th‘g i FHRRYhGt &8 rF;l'l‘%rFSIlu&’rﬂmt ‘he

cal ci nati ofint her ébt st THepAeghatdon Mg hushs usirirdiynghy s edded had by 25
optim zi ng b e_LC%lyl r\ga&(lﬁgedHE e;:hr(c)i %h %%LHI rlgod}% t amparté cul ar ﬁ%gl ng

profile is met during 1npregnation an ying an & wai t i period
was requi r empetuns eghattdd smes by ey ws8f umdmassleded:cl 068°Setand a

speci fi cat ;g de FbLddBtpPledS CBLEIAGIeW Hih & 3 hours of

15 drying, ie during an initial treatment stage, the

temperature was increased slowly and reached 95°C after 3
hours. The LOI, can be calculated by using equation 1, and
applying 0,45 (mf/g) for x and 0,82 (g Co(NO;),.6H,0 per

gram alumina) for M. This results in a LOI,, of 33%. The
20 LOI value was determined as described in Example 1. The
LOI after 3 hours was 41,8%, ie 1,28LOIL . Thereafter,

during a subsequent treatment stage, the pressure was
decreased to 12kPa{a) and after 8 hours, as determined from
the start of the initial treatment stage, the LOI was found
25 to be 30,5%, ie 0,9LOI,,. The dried impregnated material
was calcined at 250°C after a 1 hour waiting time between
terminating the subsequent treatment stage and starting the
calcination stage. To obtain a catalyst precursor with a
cobalt loading of 30g CO/100g Al,0,, a second impregnation
30 "step was performed. A solution of 171,24kg of
Co(NO,),.6H,0, 269,2g of (NH;),Pt(NO,),, and 240,1kg of
distilled water was mixed with 330kg of the calcined
material from the first impregnation step, by adding the
calcined material to the solution. The temperature of this .
35 slurry was increased to 60°C and a vacuum of 20kPa was

applied. The LOI,, can again be calculated by using



30 set period of tinme, uniformcatal ysts of acceptable activities can be
prepared. ' The present invention thus involves the optin zat$¥iRES 2083
drying vg&g‘%edure for the preparation of a catalyst 24 MARCH 2b03 WO

00/ 2011 284/ 1 B9/ 01626 precursor from which can be obtPGTHBY/Y6at al yst
wi th excell ent Fischer-Tropsch synthesj;s behaviour and resulting in high
activity. Mre particularly, this invention provides efficient drying of

t he i npreginatefbimberiglq Saggqingl?cagghgst(npg Ur g8k er&gﬁat@)p@z 3?,3 once

dried, the excellent propertieS of the catal yst intraoduced during i ng
are mai nt%R TS unt§H20t BE T FERRatildfimRer 9L M. 24 TRARCH €883t NOLBORZO 16
29 CLAI MLGXTT/ b£B985016360r ingAtheogesstf ar npueBabENdr¢ieRf,aliyshuphagur sor,
whi ch process co {)i ses sub'tectizgg iE' ninitial freatnent .stage, a slurry
5 conpri s"i“?‘ngma”p{)g) (SRR S ATGs? s@b‘?)o?"?c%? CHPR TP aLA OFc PGB

catsal yst tdopomgdratund vay equrseisedndlvriler anfiorésehede 9l oat aékevat ed

t enper at at - erlc,pressure su that iLnpregnati of the .
support girek%:%?]??'er %thﬂ?x ac é|’It/e3 céf“érr?stwacso ormeht BF i 'g%pl&‘gép}rﬂs'or and
10 parti d&hergafgenf dhglingr egnstedequppdr tt veacmentersoagear N wehk t he
initial t nt; RQlLCOLE LBui e Oi WhgL j nppegnat ed
carrier o%%rg@otrl@%ggﬂg Itgsns %%é?gnr‘%%n%?g%aﬁr% wi‘%(szh I scelf%a%'ge(% g% 1,2

times itsl3eRx(dh. i ghdtpbheat 7 MAPrent 2getrEssnineg |fFpm thet REAEAf ter,

in@ subseguend LheataentrebaaRntsUdt£§L1 BE the RAId@4! Ymﬁﬁr%?ﬁai:'i@hegnat ed
support or carrier tog treatn%ntggt el eyated tenperature and_a .
subat nospHeif ¢ pREsdile YR hEPHEA tHR PEnpet dUr e1fn G HPKPbsequentre

treat mentasiegei epcepist ¢danatartibe wWid icllZhdd ead nesd o6t ageeand/ ar the.

b- at her i in th b t t. t, t st is | th )
Chat i n OHEAE ni ¥F5F 07 edt Bt SERHECTt hEFdly AT G ai‘oifior SUBFGENGAS dryi ng

of the i nprexpeerd stpporandr startiierg ithd hea babsegilent treat nent st age
than in the initial treatnment 25 stage, with a dried inpregnated carrier or

support thereby being produced; and
15 EXAMPLE 7

A catalyst precursor was prepared according to Example 1
except that the dried impregnated material was stored in a
dry environment at ambient temperature for 26 hours after
the subsequent treatment stage of the second impregnation

20 step, before calcination thereof.

EXAMPLE 8
An alumina supported cobalt catalyst precursor was prepared
according to the process of the invention. A solution of
17,4kg of Co(NO;),.6H,0, 9,6g of (NH;),Pt(NO;),, and 1lkg of
25 distilled water was mixed with 20,0kg of a gamma alumina
support (Condea SCCa 5/150, pore volume of 0,48mfl/g, from
Condea Chemie GmbH of Uberseering 40, 22297 Hamburg,
Germany) by adding the support to the solution. In a first
impregnation step, the slurry was added to a conical vacuum
30 drier and continuously mixed. The temperature of this
slurry was increased to 60°C and a vacuum of 20kPa was
applied. During the first 3 hours of drying, ie during an
initial treatment stage, the temperature was increased ~
slowly and reached 95°C after 3 hours. The LOI,, can be
35 calculated by using Equation 1, and applying 0,48 (m{/g)}



caI cining the dried inpregnated carrier or support, to obtain the catalyst
precursor. 2. A process according to Claim1, wherein the 30240RsHL0%%i di ¢

catal ys is particulate alum na which ras an avera anet er
VSl dpRL 15 P PEr ng@wam%

bet ween 8 an nanoneters, a pore volune between 0,1 and and an
average particle size between 1 and SOz m croneters, and wherein 24 NMARCH
2003 WD 001 20116 30 PCT/ 1B99101626 cobalt nitrate, Co (NO3 ) 2 .6H20, is

used as afoacki wdcal aévst(gccwmte m}%@rﬁ@f anf PLARESS) asegrdv ng to
Claim2, erein fi 18X¥HQEII(') ?é[ %)2 6H20 is used in the
initial 5 treathEh EtéBe e 95 e & G6L&He ofOLRE ¥PSni na
support imnﬂg and 1y, AGLA@he, MBS s The ralafrbens, Slmpﬂmgt(a beublgeqagnat ed, in

d| ssel Vi ng ﬁaﬁ%lg‘?i%g%%%gbd%ﬂ (}egs\?\%{[gesﬂagm?%t"f ercflei?le aI l 5 ‘bei ng

usdd suchandhabftes Vol bewist, the StRhaTned £y hbat |srt@11meoiéott118| on to
a tenperagire; 51 bewee@.eﬁtecfﬁﬂ% 5&eaﬂ6!{n9, ﬁhefa&&p@%& bg bgeggol 'ite' on at

at m)spherl %‘{)ressure e slurry cont i nuously i %i ng
slurry. LQ{ moces’@‘%c@&r&ﬁ%glﬁ‘ﬁr&ﬁya&ﬁé ofateRFilpd W2y ZFallﬁen@sll ve

wher ei n, mné@ea@lplat b5@AIOENITS Q)i 1V af Uit H sydtagualhy sappliied to the
slurry, under Qus m%(V: % t he eof vmth t he eI evated tenperature
t

bei ng’ f r FnS6HE to ing, @ Yafdphér BESNEs dTPECTRaEARHUM t hat
2000 s appbties wasi parEbewied.ti al édih&nti’mtost agek@eid’m clovwo )0 .20kBa (a)

cont i huedt2nt9 1ot noHakePh Pglec | BHAC LB &t mﬁséna? GO

support imide®@ 28ttt md9 .08 wof7 cAlp;LnedssmatemdllngfromC]tahem 6iwker ei n,
when thed:,:r@/ré) nl0foh MRER! ”attgﬂ)é‘&&ﬂh a eAUPRANL | % %a@égf 1LE5 Phe

i ncrease atron is a In the subseq uen rea age, while
ensuri ng $Petiee. su’ﬁlp@rtewetré?ﬁpmmﬁr &his c%hltlrem @asben\mensaactand 95C,

under .. £oNt I WPUS vIRR oS 2 4IPE BN e RI £&EY FRYI 81 Of hheaga2d MARCH
2003 be calculated by using Equation 1, and applying 0,36 (ml)g)
for x and 0,47 (g Co(NO;),.6H,0 per gram alumina) for M.
This results in a LOI,, of 29%. During the first 3 hours of
drying, ie during an initial treatment stage of the second
20 impregnation step, the temperature was increased slowly and
reached 95°C after 3 hours. The LOI after 3 hours was
37,0%, ie 1,28LOI_,,. Thereafter, during a subsequent
treatment stage of the second impregnation step, the
pressure was decreased to 7kPa(a), and after 7 hours, as
25 determined from the start of the initial treatment stage of
the second impregnation step, the LOI was found to be
25,0%, ie 0,86L0OI,,. The impregnated and dried material was
then stored in a dry environment at ambient temperature for

6 hours before calcination thereof.

30 EXAMPLE 9
A catalyst precursor was prepared according to Example 8
except that the dried impregnated material was stored in a
dry environment at ambient temperature for 35 hours after
the subsequent treatment stage of the second impregnation “

35 step, before calcination thereof.



WO 001 20116 PCT/i B99/0 i 626 31 inpregnated support treatnment stage. takes
pl ace during the subsequent 8. A process according to C ai m #MAK&E2EPH t he -
nore forceful vacuum drying during the subsequent treatnent 5 stage
proceed¥® QM4 ni nt errupt ed fashion, at the conditions: T63EBIKNE6260t

hi gher than 95~, and at the m ni num prgssure which is attainable, with this
pressure being <20kPa(a) 10 with the vacuum drying under these conditions
bei ng mai pLauped yotil a clearly defined maxi mum LO value is reached, with
this maximum LO_val ue being snmaller than, or equal to, 0,90 tines LOiw

9. A procBs§a&@ddrEdi RFeSLEFarmWASoPIERATRAB akrerding | hel Fd@mp beir Bng t he

subsequengxtepat FRAE $hageir Nt Tugl ddJith e oo N T A e dheasigray by
controll |8gyt e sub-at nospheri ressure, by controlling or adjusting the ,

c
degree of IhY xFRY LTRSS 3t | ?‘H}@E%?taE?‘E}QFFﬁEuFﬁe foredtndiru e npEEGEur e
an@/ or bythet sobgequ@nott veatmeho 20agbeos! uhey sekdndA ipieassaagear di ng

to daim9_wherein, . during the subsequent treatnent stage, the drying rate
is controﬁ%ﬁ’sﬁBﬁ Pﬁ%to,reatc hlhce“b%ti]hcﬁ %r}“?]ﬁec? ient wetness, the drying rate
is greater than (0,048h-1) LOIlw 25 11. A process according to Caim9 or
C ai m 10) pyhi,shpi Rg! udes storing the dried inpregnated carrier or support
fromthe treatnent stage at anbient conditions in a dry -

envi r onneht chéhdystcapreearson Wasr aufepagiach adeoxsdnrageot Exanggieng8l ess
than ( (-BxcdptObhwk kRUAadt 2np g m 43 Watbe HA2AN 34&50'% 1§ _ahe LO

at which the subsequent treatnent stdage I1s termnate 24 A 2b03

Va0 20i 18T82ePTHFCIBSIY0 FH262TR1 €Al pF eRREE2REEST Py 220 AW OREBETC ai s
2 to 11 ipgréusiibeeqiReiteidrddement CsPagé 08f ot hehaedbined iinaped £6nsuppor t
is effected in a f'%'e i zed bed calciner, or in a rotary kilncalciner, at)a

t enper at uf BSPr oA 0BT 3SR CH1 AL O HheFRRS: according to any one of

Clains 2 to 12 inclusive, wherein sufficient cobalt nitrate is initially

uppor . TCER BFEBALE ASRD AT s THAF0h Of CCUAE L B U TRR usi v

wherei n, ©ofi Bxdeplies dbttad nlhnwener sadededobal bbtain catalysts, and

15 the Fischer-Tropsch intrinsic activity of these catalysts
determined, according to the procedures described
hereinbefore. The Fischer-Tropsch synthesis results of

these catalysts are given in Tables 6 and 7.
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P RN R ™ T s e aee s~ - —

.1-30-2080°A process according to Claim16 or Claim 17 wherein, in thg btddd@og
treatnent stage of the second inpregnation step, vacuumis graduRICHR003
applied to the ,. : slurry, under continuous m xing thereof, with the
el evated tenperature being from60C to 95C, and with the sub 24 NMARCH
Q003 WD 00/ 20116 34 PCT/ 1 B99/ 01626 at ABspheric pressure or vacuumthat is

appl i ed durj the initjal treatnent _.stage being do tq 20kPa(a). 19. A
process a@éh?gi h tglﬁhﬁﬁf'{g??ﬁﬁ _réilﬁrlr ep?‘ﬁﬁfigéﬁm\l{:\?‘ééﬁ?erﬁesé’& of the

second i npregnaf i i ntin nti jgnition ('LA")
of the inpregnated material is 1,|2Examgse §%il&/¥a@_ﬂle Mp'&mesmladcbi]di ng to
Claim19 nearglysiben the LO of] t h@2ddpr egnat &Pt er|al 239K, 2 i mes

LO W inf&aﬂe&lem&d&tom s agpli1ed, In Lhe subsequept 10 treat
stage of | misieedwatalypt AgRatigon [St e20,8hi | ¢ ensag,ang t hat ket par
dri ed i npf gaaatirolenipdratiral (SInpgr at @21i s ¢ont rded bt we@2160C
under conj Rea@ttsr preska (bwe) t hat |nor €d,ar cefful d2Q,0ng of t h@OiQpregnat ed
mat eri al § gk@ae gl ereadii(hing t he qubsedyont 15 tregonent [ st ags,021. (A

process afcording to Caim20, wierein the rore forceful vacuum dri
during thi FedlsREUSspbsRRINTENt St age pr oceéfds in an uninterrupted|fashion,
at the cofdi H,o0R®1%30 >60C, but not HgEer than L5 an{j at 52hg m i
prggsure phhiclh (volgd)t ai nabl e, witih tlag8pregsur ep@ ng £20kRF(8),
vacuum dr ji ngcﬁﬂmg@)hese condi tijons doelng nai nt@i3sed umptil Ogs6l earfl y

defi ned xi murft LO val ue i s readhed, withv\jS this maxifum LO val

smal l er t &EHyngdk (eq%al a®, sphadd) ti mres LA i 22. A procgss accordi
Clairn 20 Qfe]&ﬁi {ig %/Wgﬁbﬁﬂhj ncl udes, aguri ng t he3sabsequent 4reat
stage, ' fgontrolling the drying rlate of thejslurry by c¢ntrolling 30 the
sub- at nos firddckoPpsafd! Resditesontrol 1ing or fadjusting ~ |the degree jof
m %igng, by c (&ji ng or adjustijng thkestredtmentz penperat urg,gnd/ dr by

i ntroduci §g (84 into the sluryy. 3,4-10-}2000'3,6! B (509903,@6 24 MARCH
2003 35 H,0Q (bar) . 3,9 3,2 4,2
CO, (bar) 0.2 0,2 0,2

Synthesis performance

20 " Conversion: % syngas 55,6 47,6 57,4
Relative intrinsic specific
Fischer-Tropsch activity 0,86 0,71 0,93
| % C-atom CHg selectivity 5,0 8.3 6,7
Absolute WGS reaction “
25 rate (mol CO converted to - 7 .
CO4/g cat.s)) 1,3x10° 1,3x10° 1.4x10°
Absolute FT reaction rate
{mol CO converted to 6 6 5
HC/(g cat.s) 9.44x10° 7,67x1Q° 9,61x10”
30 % COQ of total amount of
CO converted to CQ, 1.4 1.7 1.4

Fischer-Tropsch synthesis is the conversien of synthesis
gas to higher hydrocarhons, eg petrol, diesel, wax.
Synthesis gas, ie a gas mixture with hydrogen and carbon
35 monoxide as the main components, can be produced from

AMENDED SHEET



23. A process according to Claim22 wherein, during the subsequent
treatnent stage) the drying rate is controlled such that, at? Cb'cﬁo??t of

|nC| pi e%%%#g&ss the drying rate is greater than (O, 048h§€%’r’b§6{ %S 24. A

rocess I'ng to G aimZ2 or Caim 23, which includes e dried
|rrpregnat ed ear~rier or support fromthe subsequent treatnent stage at
anbi ent conditions in a dry environnent before caleination thereof, with

t he storageatuirel bﬁisﬁgayl Q&S‘odé@@eé%élﬁ. kBownltbQEh¥kel Gkil1Qad36, chel
hours ) where LOT~l o at . t~hich tY~e subse uent trﬁé‘t ment

stage Is taerrtm tef* aﬁ?leAablr%éjctels%r‘Bﬂ:o’F‘aFﬂﬁmiBgaﬂ§ BAE &PlcP%ﬁL E160t o 24
i ncl usi ve,ofshextairat ga<al cTinat Fis cble - ajrd e syrpttlegﬁatsegrﬂs&'éersl a&hni s

ffected d c 5 Ki | t
Cenper at il (PShE ShEES, BY R0 Yrprl lcfel? EBHATE £\ 8§ 25RERT PG o o
2 16 25 irvasd veanhdysits . durfihg tdardlystst raeat nbet ssede of fheedr st
| mpregnat 1N, SHeP A/ OF, 141208 bBE Filstindd AR, S15081 ggtgaﬁsseggndor

i npregnati on step a wat ex sol ub precursor rum

pl ati nun) ¥ ) rr%»lraord&rt SUPROBBRENCObAddb Ihassd enarey nghere Fosgbebi|ity
of the actipupfEHmManalys it BrbRfcePas svad PYdd &N, Offmfabs Qakl g%am:er the

pl . at~num netal, to the cobalt net al bei ng, between 0, 01: 25

~2. A pro&dds RRorHEY 85 SURRD, vPEr ek f AR 1, 1f83<’§/ t%ximBé?y kge

Co(103) 2. GiyElrdsratseast ito tger roltantl dieseMeby siagesselekeiown Snt BBeBET
pore volune vt the alurnina support in n2/g, and y is the mass of a.lumna

support t &e i npregnated, in kg and which includes 30 initially dissalving
the Co (NO3)~.6H20 in the water, with sufficient water bring used such t hat

th | f i | t
ey ot TR R PO GG RPNy CLAIRLAE BIPRA O | IR BREE. 58T
MARCH 2003:YW 0200| 2bate 3IM Pmppmm&@théustagfm Eiachyrtﬁrbpech

el evated tgmefadid e ¥Righehs fam@?&teoagss;%m tlrge grg]?oPEQREp'ESE:' c

pressure or vacuumthat 1s applied durin einitial ment stage being
dod? to 201t yst qrﬁormases@o 3R mhat 3991(626=aztsalsasw O§E§§°F5r

preparing @nHdaiatsion! @t . ui ChePrQseas CROPIHHAS the catalyst

preparation procedure is not critical.

However, a serious problem encountered with catalysts made
according to known methods is that the catalyst do not show
20 the same activity in a micro CSTR reactor if the
impregnated material was not dried with the same efficiency
or if there was a waiting period between the drying of the

impregnated material and the calcination thereof.

The Applicant has thus surprisingly found that by
25 optimizing the drying procedure through ensuring that a
particular drying profile is met during impregnation and
drying and that, if a waiting period was required, the
impregnated wmaterial is further dried to a set
specification and the dried material is calcined within a
30 set period of time, uniform catalysts of acceptable

activities can be prepared.

The present invention thus involves the optimization of a
drying procedure for the preparation of a catalyst



subjecting, inan init~ al t.reatnmer_t stage, a siur~ conprising a porous
oxi di c catalyst support or carrier, an 5 active catal yst conpbWeRiH3pp3 ~ ts -
precurs ter, to treatnment at an el evated tenperat ;%7 at a
subat rmg{o%%rl cl%\?essure PL such that inpregnation of the s'ﬂ%]glg °§29carri er
with the active catal yst conponent or ijgs precursor and partial drying of
the i npregnated support 1p or carrier occurs, wth the initial treatnent
stage not weethAsbRg beywndvial gl Ndamheyee bbBeabihepr egrﬁte&llhﬁ@&riﬁtmr

an

t h 11 19l 11t1011.{'LO! .whi ch i I 2 b
P R PR A B ik St S S B ™
subsequentir daigentast Bgety subj eedbrag gawer partdamlyy dhied iimpreagniabed

support or Fl.er t er .an svat ed .t enper at ur . a :
sub- at m)s;ﬁ]%%%ag‘rseéﬁ%{égg%{lgucﬁr?%él% T§%~ %e anl&po?e%a@%l ;E%t%e}'?le %/ to
obt & n noréduwiggr catadyytngrefuise? @ iaparedrianed asupporde glricd rigtein t he
subsequent t GSer iHet j NLL| eaj NPt e,q. Wi a .
dried i npree%(?lg?régﬁgarﬁrfl er oEr_{lgﬁ p@oj;t_t&t?ﬁerle:%g%g.lgﬁga%rodu%%%?@a.dn 1011(1;? ci ni ng
thp dried d¥iptegnaredugarfEpancst Wipdorthe (G lspmation Hehekeaf yst
precursor. 25 29. A process according to Caim28, wherein the porous

oxi di c catalyst support ~.r particulate alumn.a which has an average pore
di anet er between 8 and 50 nanoneters, a pore volune between 0,1 and 1nQ) g,
and an a~rerage particle size between 1 and 500 mi croneters, and wherein 30
cobalt nitrate, Co (NO3) 2 . 6Ha0, is used as an active catal yst conponent
precursor. AMENDED SHEET 11-10-2000 . 38 5 10 is 30. A process according
to 1, 18~cy to 1, 82xy kg Co (N3 ) z . 6H20 treatnent stage, inhere X is
the alumna support in m/g, and y support to be inpregnated, in kg_ 24 )
MARS 901626 Claim 29, wherein fromis used in the inir.ial B$T pore vol une
of the is the mass of alumna 31. A process acCQdinc~ to C aim30, which.
includes initially dissolving tre Co (N03) 2 . 6H20 in the water, with
suffici ent water being used such that the volut:~e of the solution is
>xy~; heating the solution to a tenperature bnt~aeen 6Q C anal 98 C,

addi ng the support to the solution at atnospheric pressure, to formthe
s'urry, and continuously mxing the siurxy. 3.2. A process aCCordi.ng to
any one of Clains 29) to 3l inclusive wherein, in the initial treatnent
stage, vacuumis gradually applied tv the slurry, under continuous m xi ng
thereof, with 60C S Tl s 95C. and wth atnospheric pressure 7 pl ~
20kPa(a). 33. A process according to Caim32, wherein the initial

treatnment stage is continued until the loss on 20 ignition ('L& ) of the

i npregnated al ur~ina support is 1,z tines LOIW



34. A process according to Caim 33 wherein, when the LA of the

i pr egnat ed aI um na support is 1,2 tinmes LOiW increased eviMHiGHzA03 s
appl i ed w"q] ﬁ ~bsequent treatnent 25 stage so that P2 g id,,lzg
ensuring that the support tenperature is controlled hetween B an 5C,
under continuous mxing, so that nore farceful drying of the inpregnated
support takes place during the subsequent treatnent stage. 'sO 35. A
process according to Caim 34, wherein the nore forceful vacauri dxying
during theéi%b@%uent treat ment AMENDED SHEET  1-10-2000 24 MARCH ~~9~ 3
626 39 5 1 25 stage proceeds in an uninterrupted fashion, at the
conditions: 60C < Tz s 95C and, at the m ni num pressure P2 which is

attai nabley; with F~ ezt ot um d %Pe
cond~. ti ons ‘bei ng mai nt ai necf?gsntl ) Ib Afﬂ‘gar?ﬁg er%| %é m(_jPE?_ %aﬂje is
reached, wwhilifh PIecesxi AARPEOSSFa ue bei ng smal | er than or equal to,

90 times Lol.~Wg36jedt PRETESH a8k 0L i Bgal10 Q@éf&é’»&t%t | My 3551'\%%??
i ncl udes duri ng tHe w-abSequent treatnent stage, controlling th ng

r at e 2of theogmlr%,lrtﬂ/ %omerewsl RELIERE Saladtifds FHERQRT bres taer Fr , RN

cgnt rol |i ngeerivad] mﬁangst:%od@wd/r@npfoﬁn xtegpreséu&?aiﬂ Oldric-rlgvaﬁ;relﬂdlt&?tl ng
the treatnent te re nd/ o roduci ng hvt air into t e slurry.
37. A prog§§§ ald r%f €03} en;?:,)é Wﬁg Hredu‘?"i"ﬁgatthes%bas‘&ﬂfeﬁﬂ

treat ner _t psesgaird hmclhythgtr atmp Hegyrenion| bE3 thecsugmint alr tdwrpoent of
i nci pi ent es ryin t han. (0.048h-1) L4liw_38. A
process ac\g?)?:gl él)“taga tgwr%3 Egl%ls’t ‘9‘%‘3‘53%}%%’ 5 ncFﬁd8§e§%’5 ﬁg H

dri @@ i npr@gﬂr@tl@dl cahmting oroSuppae t ivpreghetsdbseyppartt reat nentristage at
ambi ent conpgdi S e I; n c t t th ~

R QANS DR diYe awltcme Er ﬁé%ﬁt a%fsge ing,g ; é%;g{ce)q{%

the storage tine being | ess than -
wheLe LO uReysand @ ﬂ%mtowfberw% ltmfzareﬂib%'ée@emrﬂeatcnerﬁumca@é hass

term nateda 33ssAdM QeRST @6E O A f QIWhODE PésEl ewﬁ P oimls its
inclusive, wherein the calcir_ation qof the dried inp 8nat ed support is

ef fected i HO55F AR I HRB 85| dPfePLeRt Wetness xbt]'a? 1wKillin cal ciner, at a
tenpsrature fromnE¥Kafitoed00C. id0. A pradessqaentr di bgedonany ongade,

CzZai . ns 29 t%]ectl ncl uscﬁlee p"A‘Fé eéfl?”f&éféc?”tlnﬁgé’é‘éﬁag' ér ate | S, | ni t| ally

carrier to treatment at elevated temperature and at sub-

atmospheric pressure such that the temperature in the

subsequent treatment stage exceeds that in the initial

20 treatment stage and/or the sub-atmospheric pressure in the

subsequent treatment stage 1is lower than that in the

initial treatment stage, thereby to obtain more vigorous

drying of the impregnated support or carrier in the

subsequent treatment stage than in the initial treatment

25 stage, with a dried impregnated carrier or support thereby
being produced; and '

calcining the dried impregnated carrier or support, to

obtain the catalyst precursor.

2. A process according to Claim 1, wherein the
30 porous oxidic catalyst support is particulate alumina which
has an average pore diameter between 8 and S0 nanometers,
a pore volume between 0,1 and 1ml/g, and an average

particle size between 1 and 500 micrometers, and wherein



AMENDED SHEET | 1- 7 0-2000 24 MARCH ~~~9~1 (26 44 used to obtain a
cobalt | oadi ng between 5g Co/l 0og support and 70g Co/ 100g supp¥ARCH 2003 A

rocess ikng to any one of Clains 29 to 40 inclusive ein, . in
O or T AEEREBIIS |0 70 roEFElE " ne

order to obtain an increased cobalt 5 | oading of the aium
calcined material is subjected to furthegp inpregnation, drying and
calcination 'n a second i npregnation step) tu~.th the initial treatnent

stage, the colbskfuentrateato® oSt AGe,0andst igegA £ifpMive M 1yst
constituting a first mgre nation step. 10 42. A prvCass according to Caim
41, wher ei i*TPRCRERbNBEFBFEGFati on step conprises subieCting, in an

initial treatnent stage, a slurry conprising the calcined nmaterial. of the

first inpregnation step; S, _an .active catal.yst_conponent, ~or a 15
precur sor ﬁ'ereoF; ang v%rtccg?é,%%o CERAFHES: &R aé1¥rév5te %ﬁ%épat%‘é‘nﬁ‘
and at a sub-Bxpspherli .B3sedear EoP¥e, sucdttthats i npedgnat | theofirtieial

cal cigned Mt gl @heMt t PR AChYPCAL &l ¥SEREO! (?m‘g &' Jél%}“ﬁé e?#r SPf, . and
partial ci_.T-~ying of the inpragr ated materia Curs, W the ifnitial
treat ment ZOLWHeRR SOWPRIiH i A0 Mef Ibyoalda Yoiat the heasst hef i mireghazed
materi al hasugpd&t ¥bi BE Lgpkeghatkhan 1n2kﬁi.rres its LO~,~; thetea~ter, in
a subsequent treatnent stage, Subjecting the partially dried inpregnated
material to treatnment at ~an el evated tenperature T2 and at a sub25

at nospheri ca pressure R pradelsd hidcditling Tdo andhier P2 whrifd' iddmeigby to
obtain nore vigorous drying of t i npr te terial in the subsequent
treat ment sty ?f}g}ﬁ gr‘igtsﬁ)gvilﬁigti € {E%Mﬂt'%@gé’,n With Walffed Wit

i npid®gnat ecsuffferiaht t herttehy heimg psedusedh aritht sPheahl@ilnivie-goffherldsi ed

i npregnat e a7, tg t ai 1e_cataly, recursor._43. A _pracess )
accordi ng %oé%tg#r)ng4§:s vwo}fﬁgéf)’ei hggtg g?t.%trlll%t r% le‘?tjc,gar?xi&)az. gﬁﬁ‘é’,epjslagc‘fjréeed as
an active dRser €BRPoRaMt IFr°Eoursisiinon thive smpmont | npr eheatsicdmtsien, and

AVENDED SHEERT  atmbsp¥edQ0 - prebsBrO099QL626r o4, MARRE 200841y,  anda

continuously mixing the slurry.

15 5. A process according to any one of Claims 2 to 4
inclusive wherein, in the initial treatment stage, wvacuum
is gradually applied to the slurry, under continuous mixing
thereof, with the elevated temperature being from 60°C to

95°C, and with the sub-atmospheric pressure or vacuum that

20 is applied during the initial treatment stage being down to
20kPa(a) .
6. A process according to Claim 5, wherein the

initial treatment stage 1s continued until the loss on
ignition (’'LOI’') of the impregnated alumina support is 1,2
25 times LOI;,,- )

7. A process according to Claim 6 wherein, when the
LOI of the impregnated alumina support is 1,2 times LOI, .

increased evacuation is applied, in the subsequent
treatment stage, while ensuring that the support
30 temperature 1is controlled between 60°C and 95°C, undexr .-

continuous mwmixing, so that more forceful drying of the



wherein from1, |8xyyl to 1, 82xlylkg Co ~1d0O1) 2 .6H20 is used in the
initial treatnment stage of the second inpresnativn step wher &4 ¥ARGH200he BET

pore vol e ca.leir_ed material fromthe first irnpr tep f
in nB jgfwgr?{c?ﬁg/lbei s the 5 mass of cal eined nmateri al fromthgg?)iﬂr’%{(ﬂgﬂ’s

i npregnation step to be inpregnated in the second inpregnation step, in kg)
with the pravisa that the anount of Co (Na3 ) 2 . 6HzC used in the second

i mpregnat i onimpeegnasedd] sspfolrt n tdleeeVveraddadurtinidred naim sepsagueht
Co(N03)2.6H2'TD e?@m eter 'ngd by the 10 formula |, 82xlyl, results in a
desired cobalf oading o Ithe catal yst precursor being exceeded. 44. A
process according to Claim43, which includes, ir_ the second inpregnation

step, initially dissolyi } ter, with suffici
wat er bei ngadu'sed 15 suéhagﬂggg%%&%?éﬁgsgﬁgt ggaé\@ll 3t’i (")"#qlge%éé%/{lg; fiBke
heat ~. ri g theosetfivilonva@iun t eFyangt uder bagwedre 66 URE@HIt addi agtngat

final o nventarygef pikgeatist hencalei nethimtah A dd OMELBRIIHH St ot the
i npregnation step to tl:ais solution at atnospheric pressure,” to formthe
slurry; and SUH+RUBBSFY nixing the 20 slurry. 45. A process according to

G aim43 or dai médophepatnndth HithdMi thah bEedl Mg Sh8ge e thensagand
I npregnation ste

p, vacuumis, gradual |y .appJ.ied.to the slurry, under,

conti nuous m xi ngp‘fﬁéf'ﬂli?,ww&lln ]ﬁaéd%lgpa%_lg'sw L HHE REFESERBSPRIFEC
pressure > Pl1~ a 2PRERa(a),. 45. A process according to C aim45, wherein
the i,nitial tyeat S f . Seco L ppr ion st i1s continued
unti 10 he' 1 GHEEETERL, PGSR, §PPidgCRRabEPl SH0EL PRRAR ddnd eSS
times LO i wmaimtaipedcesdidcoordiagriy defiimetd masimum IDEN vidieid OLsof

t he inpregn ery I Sh 4 Mes, ihner ‘ﬁ?@’ jon.Ls applied
in the subs%ﬁ%@?r’ eg?f;r%n?h%sl\énNDED thggrl""ﬁall‘&% %%%%%10% g%tglgllégfi gg
MARCH 2003 g&gurlotes 9098afemef LREisecond inpregnation step so that P~ <

P1', ;while ensuring that the partially dried inpregnation nateri al
tenperature is controlled between 60C and 5C, under continuous nixing,. SO

that more fotceful dryPn§r8FeERedFRPregngt &@ M af PEkEL PR WiiFRg
t he swbsequeiticlu@asnent dardgg. 4Bhe A pubsegsentcor diregtier® ai s ddge,

wherein the more forceful ,vac %ry' duci t he subseguent trea nt
stage proceet snti:]ﬁogglﬁﬁi S rdl%{?e“ fllas |o§,E gget ﬁgl%ro%i Von(:s(?n%’f)‘ég?’?’g~ s
95C, and at the subi-atmoppbesurepPes@hireh by atarsrabbieg wint mdPPuskiagkPa
(a) . the degree of mixing, by controlling or adjusting the
treatment temperature and/or by introducing hot air into

20 the slurry.

10. A process according to Claim 9 wherein, during
the subsequent treatment stage, the drying rate is
controlled such that, at the point of incipient wetness,
the drying rate is greater than (0,048h°1) LoI,,,-

25 11. A process according to Claim 9 or Claim 10, which
includes storing the dried impregnated carrier or support
from the subsequent treatment stage at ambient conditions
in a dry environment before calcination thereof, with the
storage time being less than ((-8,1/LOI, )LOI 10aq*%26/2)

30 hours, where LOI, 1554 15 the LOI at which the subsequent

treatment stage is terminated. -



wi th vacuum dryi ng under these conditions being maintained until a clearly
defined maxi mum LO val ue is reached, with this maxi num LO ¢4V&RCHERg
smal | er r equal to, 0,90 times LA ~w. 49. A proces ccording to
Claim 4\9;()2)?}3&1% re 48 which includes, during the sunsequeﬁ’tcali”rBé’g(PWégt

stage, controlling the drying rate of {fe slurry by controlling the

sub- at nospheric pressure P2~, by controlling or adjusting the degree of

m xi ng, byz2control | angretead usiddwiihg theahierhe! FPRIA 1€ TZeoapg/ or by
inl:rodu.cing hat air_into the slurry. 90. A process according to C aim49
wherein)  GEFILHG 96 1t HBCEGEReRHENEALFERARIAN addie Cra ol yitRF eaRRL A
control | eduppolrtt Hat e ffledteed pahnta ofluhdi peanbetetaebsintéhe dyying sate is

& arm 0, “ORPEN KidRugalberT n8%: ot aPPBT S griathd A0at & HO%D.

support romthe subsequent treatnent stage at anbient condit~.ons in a dry

Chah AVERGED SHEET © PrRoRsssBec i b daksto} RRrty o008 295 io,
1JLA i w) Lenclygdveer WhprRdty Sufihbeéenb aabwakt i BitheteOlsativb thllhe

subsequent;sbgeabnmeBt ashagechpali @ mdad B r g€ (‘(M i any
vne. of d aisgs743 to gl incFusiave, V\her]gi{j% t%gwé\gﬁc?ﬁa?i&ég of ﬁ]‘g&iﬂéﬁed
5

i npr egnat 8895 708t &PV 4P 0P SEPP&&ted in a fluidixed bed calcirer, or in a
rotary kiln calciner, at a tenperature from 200C to 300C. 53. A process
according_.to any one of Clainms Z9 tp. 52 i ncl usi ve wher.ei,n) during the
first treafnent stagepﬁ)cf’ﬁf A HRYT egRafP¥nC8EeptafdAdm=iAi thgtt he
finet trednnénsile shageiaf tihe sedendtiomulagnat i @m shepeanathtesbsd ubl e
pr ecur sor . _of | J,adi i nu Pt, 4 s added, ' as.a dopant }
c: apabJ. elég héﬁ ar?(%? nég h%mruggﬂ%i gﬁﬁ%@}%f the adcat]icisllen%‘gnﬁlaﬁgﬁtl,a]\/vi h the
mass propsebiestefl tive fpaitihadi vhmpreghatploat.i . dipnimet ahdt calwircubadt net al
bei ng bet wee 3 310 4, Ss A ) aim
29, wher e;ﬂﬁ ?r %ﬁ@f@&%%%%x%:e?ég véo&}? %@? iﬁgeghgoztlfs%qaué%ﬂ n the
initial tEEAERenthEt GHRSCIHERE kreatMRNBETtpgre ¥BH: the sRLdiaaliinn na
support i Bhilk/ @ondfdtutifigt Be FBSR Ofmﬁi:égha@i%‘ﬁ gwRport to be inpregnated,
in kg and w hieh includes initially dissolving the Co (N03)2.6H20 in the
water) with sufficient water beir_g used such that the vol une of the
solution @s.a~cy8; addirgrdde Iguording tthe $dladki ob4aat whdirenh the
tenperature to .fgr h LUCry, er 25 heating the slurry to the
el evat ed Fgﬁﬁgfia ﬂli%g%ﬁ?gfl%g?ls% regjnmdco%%?%lggééc, wi th the sub-atnospheric
pressure or vasubiechangi s iappdni ddidird hgtreatimenti sdtageat aerglwtnge

bei ng do“’EmeQi%Q%gatﬁea%alcé‘%mt%i@l of the first impregnation

20 step; cobalt as an active catalyst component, or a

precursor thereof; and water, to treatment at elevated

temperature and at sub-atmospheric pressure such that

impregnation of the calcined material with the active

catalyst component or its precursor and partial drying of

25 the impregnated material occurs, with the initial treatment

stage not continuing beyond a point where the impregnated

material has a LOI which is less than 1,2 times its LOI ,;

thereafter, in a subsequent treatment stage,

subjecting the partially dried impregnated material to

30 treatment at elevated temperature and at sub-atmospheric

pressure such that the temperature in the subsequent
treatment stage exceeds that in the initial treatment stage .:

and/or the sub-atmospheric pressure in the subsequent

treatment stage is lower than that in the initial treatment



| 1-10-2000 ~ . r 44 1B 009901626 24 MARCH 2003 55. A process for preparing
a catal yst precursor, which process conprises subjecting, in2dfRGHiLPHI

treat ”EWO%@QFW a slurry conprising a porous oxidic catal éﬁﬁm\?\%%&%ttor

carrier) an active catal yst conponent ox its precursor, o]
treatnment at a tenperature Tl where 60Gs Tl s 9SC and at a sub-at nospheric
pressure Pl where P, ranges f rum atnospheric pressure > P1 a 20kPa(a) when

T1 = 60C tetagapsptiesiebpr essureébbalPn andBkPat2gdonbes Tdrvifi§CoBsUuthelD

t hat irnpregnaC on _of the support or carrier with the active catalyst
conponent t Prﬁﬁgaﬁ?gcﬂ?ESFlg dlﬁ’agthiealsubtsfﬂh‘&”&'f i tieRegitada t ort
or carrierincehes,injittita} hereatntered 4t @ nent té agedpObdc dripradinag edey ond
a paint wh t [ t carr| r_support has a 1-vss an ignition 15
;LA ) m‘ﬁ‘éﬁelrgs‘]g}eggé?%g% %%Zﬁfgr' n%g&li §e§03§ngn ignition at incipient

wet ness (' LO i ealyiningerdsd t dried iwpsedsagedntmadteataknt tot apeain

subj ecti ngtﬁgecgggﬂ,glzl gr%rcj‘ﬁcg&;ppregnatsd support or carrier tv treatnent
at a tecttpprature “r2 and at a sub 20 at nospheric pressure Pz such that

60C < T2 s 95C and Ta a T1 and/or P2 < 20kPa(al and pz < Pl) thereby to

obtai n morggvi gor ouspadpyide@Hf 4B88ckARKEIRR! @A SURPPE! QhetRihH Sophatt he
subsequent {reatnent s%@ge than in the nitial treatnent stager with a

dried i nprByhERER cadr? {¥P3 bz - 2H2QuppbFt Y$RA eRF bétthg Asitddif eFatafyst
cal ci ni ng tbepénerd pra@gnededinardher s@tofdpAtdredRa®bbRi BtEpe aaldal yst

DGO B fuPERSESD, 60010 1o, Lo IELFL ke poig oxl
di anet er beheeimiBiahdc beatmaotestese afpohe zetoms Hetpxesmatidn sndpl 8/ g,
ar ~d an avgnage particha 51 gemk elueeps 1,400 0% i CLQTRLRES nARL-HHE €l N
from the first impregnation step, in mf/g, and y; is the
mass of calcined material from the first impregnation step
15 to be impregnated in the second impregnation step, in kg,
with the proviso that the amount of Co(NO;),.6H,0 used in
the second impregnation step, is adjusted in the event that
the maximum amount of Co(NO;),.6H,0, as determined by the
formula 1,82x,y,, results in a desired cobalt loading of the

20 catalyst precursor being exceeded.

17. A process according to Claim 16, which includes,
in the second impregnation step, initially dissolving the
Co(NO,),.6H,0 in water, with sufficient water being used
such that the volume of the solution is »>x,y;¢; heating the
25 solution to a temperature between 60 and 95°C; adding the
final inventory of y;kg of the calcined material from the
first impregnation step to this solution at atmospheric
pressure, to form the slurry; and continuously mixing the

slurry.

30 18. A process according to Claim 16 or Claim 17
wherein, in the initial treatment stage of the second
impregnation step, vacuum 1is gradually applied to the .
slurry, under continuous mixing thereof, with the elevated
temperature being from 60°C to 95°C, and with the sub-



|0 1 B 009901626 24 MARCH 2003 ‘cobalt nitrate, Co(NO3~~.6H-0, conponent,
precursor. is used as an active catalyst 57) A process accor & ¥ Q"bzo@?al m -
56, whey.ej r 1,181ty to |, g2xy kg Co(NO3)Z.6Ha0 is used in the initial
treat rreﬁfd&/;é’éggn where x i,s the eET pore vol une of the afﬁﬁf'ﬁ?’%‘ﬂfﬁport in
nP/g, and y is the mass of alum.na supp‘f)rt to be inpregnates, in kg. 58. A
process according to Caim57, which includes initially dissolving the

Co( NO3) z. GHEQlob&bhfefielcvvaheéssa\tého%Ui;fabﬁhﬁ.nfth\él%t 8l %ﬁfiﬁﬂé@%ﬂ&? that the

vol une of the solution is axy~; heating the solution'to tenperature
bet ween 6053“&5&&@5@“‘9&&}%t%‘éagﬁplb%%@gt‘éo‘t’%et@o?%Pétﬁaét at nospheri c

pressure, to farmthe slurry, and continuously mxing the slurry. i5 59. A
process acggrding to one 56 to 58 inclusjve erein, nthe.
initial ggt ment st At e}g 585’5’m ?gcﬁﬁﬂﬁﬁl agbﬁ‘@d%t% HBh§F&F‘ry Ginder
conti nuousumx_llag u:lrerae:«xfe,ntws&a@@@s the sse&ﬁ;d aunnpmgxtataicsmsgﬂ:lepl ts

pressure > Pa 20 rocess Q ding erein. .
the?nl ti aFgPrtggt%(r%\?nt S@%C&gle |t§1%co'r?ta|%nue§§1 n?r%ﬁ Eﬁgnl o] s on gnl |on ? LA")
of the i rrpmgnrag@@t@ld;mmrmbom 1s21tPmesiw@Ig, LOI _,~ . 61_ A process

aecerding to Caim64 wherein, when the 25 LA of the inpregnated ai-um na
support is 1,2 tinmes LAitr |ncreased evacuation is app7.ied in the
subsequent 20t r eat men® PERGESH AT BN to ClaAm 29ewbare by, Gilaent Hae

support tenperabgrechs Ce F&@l Jred et wa%rqf&@ and 93Cp UBQﬂésCOEbIInUOUS
m xi ng, sv.that nore force

drying of t 3(% egn ted support ‘t'akes
pl ace duri ﬁ@ctrﬁésﬁ‘j]bse?]‘(ﬁe(ﬁ‘t‘a'ﬂﬁat m—:’% I\/EE& ET sub8eq¥yeBBoo | B
0(39;‘511)1626]c Eéeh/:ceﬁil@HtZOQSaéé 62f Atpr oseSSndcqmrptag"rrag:itdh Csaep, 6lwhwherei n_
the more foregefu dur t uent reat nent stage )
pr oceeds i%ngHrngnt%r’#Ept glaé/ oﬁll;? 4: Fne P@%‘%BPe %f%g IS
at t ai nabl et:empehrattlmeeval;aummtyrcngl&u bre tolerert héeéCcamﬂ t PBAS, beimder
T LAl nofloRl bRl ER Moot A0R IR A L Eb KBEHS | B GAPNES HHLD TN S

maxi num LO ue bein 'er than, or a,90t 63. A
process acé@PGﬁﬁgatt@dCs'aﬁﬁﬁglad{ erksemn 621<Wﬁ cRurdsoudese (ﬂ]#bfn-‘gﬁltl%t

subpequent c LeaakaRRt s33@e, 10 controlling the drying rate o the slurry by
controlling the sub-atnospheric pressure P2, by controlling or adJusting

the degree ef mxing, by controlling or adjusting the treatnment tenperature

'~z and/ or 2my i nt I‘OdlACbﬁt@d‘tBﬁs aldcdrmiiod ke slluifmy20]15whdren prReassre
accordi ng Q. % m rrnel durin tlhe S I’I)lseq tetrea metnte s 298, t he
drying rat FSEEY ro??‘é‘d sucﬁy%ﬁgt it the p& Nide ? g’ﬁ%?%l ent %‘Fness t he
dryi ng rat ethgegr gatcereddswn {0, an8hum)ml;ar|rupt865 fAasprioress %u:cotldeng to
A ai m 63 of,GhdikmB4,. 20 which includes storing the dried inpregnated

carrier or
20 >60°C, but not higher than 95°C, and at the minimum

pressure which is attainable, with this pressure being
<20kPa(a),
with vacuum drying under these conditions being maintained
until a clearly defined maximum LO! value is reached, with
25 this maximum LOI wvalue being smaller than, or egual to,
0,90 times LOI;, ‘

22. A process according to Claim 20 or Claim 21 which
includes, during the subsequent treatment stage,
controlling the drying rate of the slurry by controlling

30 the sub-atmospheric pressure, by controlling or adjusting
the degree of wmixing, by controlling or adjusting the «
treatment temperature and/or by introducing hot air into

the slurry.



1-1eggort fromthe subsequent treatment stage at ambient conditi on$8009a006'&6
envi rannent before calcination thereof, with she ' storage t#MARSEIZAR | ess
than ( (-8, 1/.TrAO~W LA ~i oad+26, 2) ho~~rs, where LA ~ioa~ is the LAO 25
at which the subsequent treatnent stagg is termnated. 66_ ~ process
accordi ng to any one of Clainms 56 to i ncl usi ve, wherein the cal cination

of the drj . ngregn p ect J ed. ealelner

yr in a réo ary Ki nﬂcgltc%lgn%lré I%g{éoéjdﬁ'e%eratc‘eul%e" rom%%%é% Sgb‘f, n§4 6~.

brovess adeor dFwgsequany ofEestrent mstBEe.0 6he ncfxging, wabeei is

suffici er‘éoﬁ'@P@iieH' tsh%'he \ilr?ali Nisiakhy 6MENQE%§FEEJ1plént1 wer#d | B

009901626_24 ﬁ%/A used to ogg‘%{pn a cob §d| ng hEt~rreen 5g

Co/ 100g sT¥portYLRd ’f%ﬁecﬁls?gEG&t?&'p (§g 04K bcE dimccording to any

one of Clainms 56 to 67 inclusi~re wherein, in order to obtain an increased
It 5 oadi ng of t ek h C d t i

sub ect edg%o furthejr)L |5rr]l§°r(?aa%yné;t ?%r?)ﬁ&g&g'ﬁt té E:lgal(.:“alzit:?natq'}floc;enll"él'%ha2§écond

i npr egnat Wahcht dnicimdes t REorang dihe r@mﬁ@ntlm@tr@g@dtﬁﬁe c/PHSLqHePT

treat nent gghpeer abih heneal shBabieent husr Mt UstAgea dtt I Smbim@ntegnati on

ste 10 59. rocess according to C e| n he second

i rrplroegnat FBﬂdAY‘ BComPr f B e’é r%rgﬁ%z?rfncl Egﬁﬁgﬁf ‘stage, a
sl urry cowptitsi ng Htbe cal stoechgmt erltaimef thbeﬁ.lrngst i rﬂpeszgnatl bhasx ep;
copgll as(angagiiue, CRLALISL 0TROATe. L ANEDLBTLL S0l 1EaIREAN

water, to tre

gads 5C.and at a
sub- at noséﬁewpécbr é?@uwsé*mq%é'- yeptmeiitg s age et €A pressure P~~
~ 20kPa(a) when T1® - 60C to at m)spherl c pressure Pl' a 84kPa(a) when T °

95C, such,that i npregpation of |CI ned teri h‘ tive
catal yst gg‘rrponent 2?9% §%pz é%r g 3“% {1@ yl%a‘cl)&ét‘heh:leonpaz%'egnat ed
materi al Aocdusivisit wmer:enmithmr:aﬂceaamw of deee ni;tlEd dewmamiatgdeyond a

poi Nt whegg lhg SiMre et ed SR £41 2 £08398,88) LUk Ealbsn@%ssotrhq!hjaz times
its LOiIW z5 thereafter, in a subsequent treatnent sta arJtectlng t he

parti al | y AR FipfeGRACIPSTt 85 8l LEBPEFRENRBNEIOR 208 26ih AR S T2 and
at a sub-at m)spheric pressure P2 such that 60 Cc T2 ~s 95 Cand T2' ~

T1' and/or, Pz - Poéesag gge%ﬁ&?%r&l any %@' oeé)yc:]t.é)uﬂ)é)ti’“{b pore 30

Vi gor ous &r y| ng of t% npregnat ed na uent treatnment
stage t haririusieors mhqnéﬁ:mr AL FERE %‘ﬁ%tg"elr% tbrr%alawéa srage fat e

mat eri al tﬂ&r@bynha@ré@n@waucedepae;;d/eacl curiing the dimsd ivpeagnEied
material, {0 Obt2EN GR 08 LA 1oi8L e QLEEHESR Obt e TP Ra e So1ub e
20 precursor salt of palladium, P4, or platinum, Pt, is added,
as a dopant capable c¢f enhancing the reducibility of the
active component, with the mass proportion of the palladium
or the platinum metal to the cobalt metal being between
0,01:100 Lo 0,3:100.

25 27. A process according to Claim 2, wherein from
1.18xy to 1,82xy kg Co(NO;),.6H,0 is used in the imitial
treatment stage, where x is the BET pore volume of the
alumina support in mé/g, and y is the mass of alumina
support to be impregnated, in kg and which includes

30 initially dissolving the Co (NO4);.6H,0 in the water, with
sufficient water being used such that the volume of the
solution is »>xy{; adding the support to thes solution at
ambient temperature to form the slurry, and cthereafter

AMENDED SHEET
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according to C1a|n159) wherein. cobalt nitrate, Co(rro3)~.6H20, is used as
an acti vg, &b ﬁ ¢yst conponent precursor in the second |npr¢g@@§@mﬂ6ﬁiep,
ar~d wherein from1, 18x1yl to 1, 82xlyl kg Co(NO3)a.6H20 is uszd in the
initial treatnment stagA of the second Bapregnation step where xlI is the BET
pore volunme o the calcined material fromthe first inpreenation step, in

nm /g, and keatsnghehwmsslwfricatei tde natevaded roesmpdeaturst whnprregnat i on
step to heg r ed, i ggthe nd I ,

provi so tha%gghgggﬁ%d%% g % %?l $g85§§£ ¢ﬁ§% ﬁggégogﬁ%?f?%%%gnatlon
step, is adpasuedthatt e @@@ﬁtletdhéﬁturtlﬁéa riaRRi 1ifnigdo e adimany: (Nodye
2.5Ha0, asypdepgrabnadeBy2bheafgymula |, d2xly,, results in a desired cobalt
| oadi ng of the catal yst precursor belng exceeded. 71. A process according
to Caim74, which includes, .n the second inpregnation step, initially

di ssol ving the Cb(hD3)2.6FEO in water, with sufficient water being uwed
such that the volunme of the solution is >x~yl~; heating tre solution to a
tenperature between 50 and 95C, adding the final iwentory of yikg of the
calcined material fromthe first inpregnation step to this solution-at

at nospheric pressure, to farm the slurry; and continuously m xing the
slurry. 72. .~ process according to CLai.rn 70 or laim71 z5 wherein, in
the initial treatnent stage of the se~ond inpregnation step, vacuumis
gradually applied to the slurry, under continuous mxing thereof, with 50
Cs'TL ~s 95 C, and with atnospheric pres sure > Pl~ a 20kPa(a) , 3D 73.
A process according to Claim 72, Werein tre initial treatnment stage of the
seCOnd i npregnation step is continued until the loss ~n ignition ('LO") of
the inpregnated material is 1,2 times LOiW AMENDED SHEET ' - r
11-10-2000 . | B 009901626 24 MARCH 2003 49 5 10 15



11-20-20600 A pr.ocess according to Claim73 whereir_, when the LO% m\ éq;%%?g(ﬂsgg
i npregnated material is 1.,2 tines LOiw i ncreased evacuat i 6H"% i ed

in the subsequent treat at ent stage of the second inpregnation step so that
P~ g P while ensuring that the partiglly dried inpregnation materi al
tenperature is controll ed between 60C and 9~C, under cont=nuous m xi ng, ao
that taore Torceful drying of th.e inpregnated nmaterial takes place during
t he subsequent treatnent stage. 75. A process according to Cl aim 74,
wherein the nore forceful vacuum drying during the subsequent treatnent
stage proceeds in an uninterrupted fashion at the m ni num pressure which is
attainabl gg w.th vacu n cand ei i ned
until a cI‘earI def ?Afleg%ngélgﬁu%dgnodzg ?%gffﬁg g;a%%t%ﬂ?sp' (qutérlr%% mum

i ~O val uévfbahq@rmeﬁa%rcq%sqﬁ equal to, 0,90 tines LA w 76. A process
according to C7suﬂ:ljfafbt7ﬂigr?\.r ﬂxaanmﬂﬁt\aﬁalcftté@&m@:e@ seHbi ngatf\&@ﬁb?equent

treatnent stage, .contral ‘% dd ‘ytrﬁglr q%t kk_g ) urr controlllng
t he sub- at e e PEECSy Comt 'ﬂ‘&’%‘?r o‘f{us‘ﬁ‘ he HBgree of
m xisng, byaative mam;@@ cafperent ngr't A5t PEECMNSIOL, e AIBY ar(em@r,TzGoand/ or
by i ntrodycldg.{}aic alak | 44 0l atll I Yermgelatfirlr qusanac% dianggde- G ai m
76 wherein, dur~.n.g 25 the subsequent tTeatnent st g@ t.he dr¥| ng rate i s
control | eREIRIPRGTRC &‘tretsﬁé‘rﬁol Bt ofuhcithadnt ipers yi fiCrate is
gr eas\’ﬁr th heaup &8@4& e)s.rlﬂ:r.bu:\r/]\/wﬁ.?h Ane oacs:svecegltduggtt @dimnents or C ?i m
77 ich includes. stori the.driied i npregpa carrier 3 rt from
{he subseqtEhBREREEn A1 RAEtaP Lcabibe PE LA lFeghablq habbee

enVvi® onnentxr behoraéecalatavats orwitier ema mitttialhetseetugett ishadwei ngt| ess
than AVENQER:SHEETng begor@-2099int w 46262 883

((-8,1/LO] %LOI~r}—g~de% ) tours. Wher e EL“OTH}Ith{I: £:§§the O ~af whi ch the
subseguent SHPRAT frefiRs sfadBe °f‘e?‘ﬁ?‘f’r§‘t185‘ 70T )y B cOTUF NGB any
one of C aln® 7irhes 78Lttsnclh¢asvepnwheganh1bhe atl cinaipbenbdf Wdaenelssed
|rrpregnateg Bo t,qrjal is effected in a fluidized bed calciner, or in a

rotary kiln ca B rer, at a tenperature from 2a0C to 300G 80. A process
acch¥ding to anylRORE2EESE) ai ER56 & 0 RYLSEANENEs| vETRAEMENS, JBERAS. t he

first trea&ﬁsﬁlécaia e Ehe t fpaﬁulrﬂly Zﬁdlre‘%gnai'dp&'égﬁﬂa%ﬁﬁndhgbo@wl ag the

first treat ment i t he econd rec nation ste r _sol ubl e
plrei reor Saff* 8IF EQI %&agﬁﬁer‘ﬁd ea#ﬁ rﬁﬁﬁ@ﬁ‘ ‘I“?%r%ﬁ‘dg% aﬁgd%gan;J
capabl e of aermanoatngwmieena@u@mﬂsmrya oP, t Ismicdct thstcdha:)méht andypr

t hecnass pbopgrbl on +Bfarlche p@él %lta%ormabé Fbl %tdxwe MaL3hinko dherpaba~. t

netal bei ng®bet wken i.s 0Cess accordlng to
B ool " RBrEpnaRers FRPPOEE, or s aok Lok, Trn-on RUS5oashpl. FEoaLRaED | e
initial tre&bgenttistragbn bher énitiad ttweedidepor stugkunsridh thedatied na
support 'n&ﬁ5§@%na%%@ %WE§1EQGOQH§§8§Er€|EHE??b%SbéEHEOPEOHQCQQ and

i mpr egnat ed, g Irchinclu Init I SSO
(NO3) Z. 6H20 i n CRLCHALEME, t Er‘il’tfhe@uﬂ‘l?’éﬁ’@ﬁt-e%%‘?nﬁﬁ@fM@%htphat t he
vol ume of theaiel ¢hieorratalg¥t, paedurgolthe support to the solution at
anbi ent tenperature to fozmthe slurry, and thereafter 25 heating the
slurry to the elevated tenperature which is from60C tc 95C, with the
sub-2&t nosplRér.i ¢ pr essurproceyac annoriddng scap@liaiin dasi ngddmee imi bl
tjfit FERL %}gﬂ@%ﬂ%@owt&%%@%ﬁam ANENRER SHREke alumina which

. AFy. An@ AD@FA[N AVETage Polg diameter befween A8 Aand ARFRARGTEAETSA. A AYr .
A A . AOF . Aa . porAUsyoiude. Aetwisdy. A3IA aAd . Pl A, A akd Algn AdvAicasie@hj A_*

particle size between 1 and 500 micrometers, and wherein

30 cobalt nitrate, Co(NO,),.6H,0, is used as an active catalyst

component precursor.
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ajcajcalc a a cg \ ca
U} ca} ca} CZS} &} cajJ ca ‘gxg%fé]xgé%g] cai c]f?ffl ]r_ﬁ ]]] ca l']%aeltft%n] cai cg ca] ca']g c\a\]! ]c!a] C
a] chi] ca] ckg @GR4 e R theenE durtY] cRRERE FoRt ERFRAT c‘a]-féa]lﬁa] ca] ca
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#FQTI ' /J t 0] e ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal
ca] cal ca] ’QU)]?(%%‘}/ ] ta baa] C'%‘] ca% g%% ta] cal] ca] ca] ca] cal MNQD. #

.pTro{vql gb] X]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal]ca]ca]ca]ca]c
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O F ** *x**,*x**% ca a Ca a

a] ca] ca] catthftad ¢ 5’]?‘?5]@‘%“52] %QTQE] c‘% cﬁ]’% %‘a‘]’ "'L"gf'] gt]‘iﬁﬂ c8fcal /011
111301113 THarB8BGH 99 3L.aX>)/ 6 ¥ xshe dimpt¢dmated] abhnids a$u1a;]>oa1]: cakcalea)cal ca
] ca] ca] ca] gal, ]fr; %ca] ca] ca]ca]ca]ca]ca]ca]calcaUc a]c
a] ca] ca] ca+-1 g%q Yu& ()-110% u& ()-"10% u& ()-s10% u& ()-10% u& ()-#T10%

-u& ()- 9wU3l< "10% Yi Y& ()-!1) " 10% U-U& ()-!1137 7 10%c c& ()-!!. T 109 Al A&
"()-118" 194eAeAL () Al prdO8kKSaddotdindg €d Wlaim 33 wherein, when the

10%<& () - Jﬁg 1?{‘?‘};&) ﬁﬂsgéﬁﬁ‘aééd 1950549 gu%)portlg% E&z(klmes LOI,,.

18" 10%Pe
zX6~ =118 (mgma(&e@ev«ctqaoﬁ,m&q )BRHIR(OYET: The( FubTFeEuentCHORA (NNt S9$10%0

o8 - - S95L04RE (Js - KL BF! BlO< yhile ensuring that the support
temperature is controlled between 60°C and 95°C, under
continuous mixing, so that more forceful drying of the
impregnated support takes place during the subsequent
treatment stage.

30 35. A process according to Claim 34, wherein the more
forceful wvacuum drying during the subsequent treatment
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40. A procesg according to any one of Claims 29 to 39
inclusive, wherein sufficient cobalt nitrate is initially
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treatment at an elevated temperature T, and at & sub-

25 atmospheric pressure P;' such that T, > T, and/ox
Pz' < P,', thereby to obtain more vigorous drying of the
impregnated material in the subsequent treatment stage than
in the initial treatment stage, with a dried impregnated
material thereby being produced; and

30 czleining the dried impregnated material, to obtain
the catalyst precursor.

a3. A process according to Claim 42, wherein cobalt

nitrate, Co(NO;3),.6H,C, is used as an active catalyst

component precursor in the second impregnation step, and
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talyst precursor being exceeded.

44 . A process according tc Claim 43, whiech includes,
in the second impregnation step, initially dissolving the
Co(NO;),.6H,0 in water, with sufficient water heing used
15 such that the volume of the solution is >x;y,¢{; heating the
solution to a temperature between 60 and 95°C; adding the
final inventory of y.kg of the calcined material from the
first impregnation step to this solution at atmospheric

pressure, to form the slurry; and continuously mixing the
20 slurry.

45. A process aacording to Claim 43 or Claim 44
wherein, in the initial treatment stage of the second
impregnation step, vacuum is gradually applied to the

slurry, under continuous mixing thereof, with
25 §0°C = Tl' s 95°9C, and with atmospheric pressure

> B, = 20kPa(a).

46 . A process according to Claim 45, wherein the

initial creatment stage of the second impregnation step is

continued until the 1loss on ignition ('LOI‘’) cf the
30 impregnated material is 1,2 times LOI;.

47. A process according to Claim 19 wherein, when the

ILOI of the impregnated wmaterial is 1,2 times LIOI, .,

increased evacuation is applied in the subsequent treatment
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20 the sub-atmospheric prassure Pz, by controlling or
adjusting the degrees of mixing, by controlling cr adjusting
the treatment temperature T2' and/or by introducing hot air

into the slurry.

50. A process according to Claim 49 wherein, during

25 the subsequent treatment stage, the drying rate is
controlled such that, at the point of incipient wetness,
the drying rate is greater than (0,048h-1) LOI;,.

51. A process according to Claim 49 or Claim 50,
which includes storing the dried impregnated carrier or
30 support from the subsequent treatment stage at ambient
conditions in a dry environment before calcination therecf,
with the Etorage time being less than
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active component, with the mass proportion of the palladium

or the platinum metal to the cobalt metal being between
15 0,01:100 to 0,3:100.

54. A process according to Claim 29, wherein frow
1,18xy to 1,82xy kg Co(NO,),.6H,0 is used in the initial
treatment stage, where x is the BET pore volume of the
alumina support in mf/g, and y is the mass of alumina

20 support to be iwpregnated, inm kg and which includes
initially dimsolving the Co (NO;),.6H,0 in the watsr, with
sufficient water being used such that the volume of the
solution is =»xy{; adding the support to the solution at
ambient temperature to fcrm the slurry, and thereafter

25 heating the slurry to the elevated temperature which is
from §0°C to 95°C, with the sub-atmospheric pressure or
vacuum that is applied during the initial treatment stage
being down to 20kPa(a).
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atmospheric pressure > P, = BBkPa(a) when T, = 95°C, such
10 that impregnation of the support or carrier with the active
catalyst component or ite precursor and partial drying of
the impregnated support or carrier occurs, with the initial
treatment stage not continuing beyond a point where the

impregnated carrier or support has a loss on ignition
15 ('LOI') which 1s less than 1,2 times its loss on ignition
at incipient wetness ('LOI;, )7
thereafter, in a subsequent treatment stage,
subjecting the partially dried impregnated support or
carrier to treatwment at a temperature T, and at a sub-
26 atmospheric pressure P, such that 60°C < T, = 95°C and
T, » T, and/or P, < 20kPa(a) and P, < P,, thereby to cbtain
more vigorous drying of the impregnated support or carrier
in the subsequent treatment stage than in the inmitial
treatment stage, with a dried jmpregnated carrier or
25 support thereby being produced; and
calcining the dried impregnated carrier or support, to
obtain the catalyst precursor.

56. A process according to Claim 55, wherein the
porous oxidiec catalyst support is particulate alumina which
30 has an average pore diameter between 8 and 50 nanometers,
a pore volume between 0,1 and mf/g, and an average
particle size between 1 and 500 micrometers, and wherein
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contmuous].y mixing the slurry.

15 59. A process according to any one of Claims 56 to 58
inclusive wherein, in the initial treatment stage, wvacuum
is gradually applied to the slurry, under continuocus mixing
thereof, with 60°C < T, s 95°C, and with atmospheric
pressure > Py 2 20kPa(a).

20 €0. A process according to Claim 59, wherein the
initial treatment stage is continued until the loss on

ignition (‘LOI‘) of the impregnated alumina support is 1,2
times LOI.,.

61. A process accerding to Claim 60 wherein, when the
25 LOI of the impregnated alumina support is 1,2 times LOIL,,,
increased evacuation is applied in the subsequent treatwent
stage so that P, < Py, while ensuring that the support
temperature 1s controlled between 60°C and 95°C, under
continuous mixing, so that more foxceful drying of the

30 impregnated support takes place during the subsequent
treatment stage.
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66. A process according to any one of Claims 56 to 65
inclusive, wherein the calcination of the dried impregnated
support 1s effected in a fluidized bed calciner, or in a
rotary kiln calciner, at a temperature from 200°C to 300°C.

30 67. A process according to any one of Claims 56 to 66
inclusive, wherein sufficient cobalt nitrate is initially
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s! 10%q+s&'n()& second impregnation step, with the initial treatment
stage, the subsequent treatment stage, and the calcination
thus constituting a first impregnation step.

10 63. A process according to Claim 68, wherein the
second iwmpregnation step comprises

subjecting, in an initial treatment stage, a slurry

comprising the calcined material of the first impregnation

step; cobalt as an active catalyst component, or a

15 precursor thereof; and water, to treatment at a temperature

T, where 60°C s T, s 95°C and at a sub-atmospheric

pressure P, where P, ranges from atmospheric pressure

> P, = 20kPa{a) when T, = 60°C to atmospheric pressure
> Pl' = B4kPa(a) when T-_' = 95°C, such that impregnation of
20 the calcined material with the active catalyst component or

its precurser and partial drying of the impregnated
material occurs, with the initial treatment stage not
continuing beyond a point where the impregnated material
has a LOI which is less than 1,2 times its LOI,,;

25 théreafter, in a subseguent treatment stage,
subjecting the partially dried impregnated material to
treatment at a temperature Tz' and at a sub-atmospheric
pressure P, such that 60°C <« T, = 95°C and T, > T, and/or
P," <« 20kPa(a) and P, < P;’, thereby to obtain wore

kYol vigorous drying of the impregnated material in the
subgsequent treatment stage than in the initial treatment
stage, with a dried impregnated wmaterial thereby being
produced; and

calcining the dried impregmated material, to obtain
35 the catalyst precursor.

AMENDED SHEET



(1-10QUOq+s& () -. .$10%q+s& ()- L910%sq+s& ()-z(|[: A410sg+s "6 10% ais8o4901826
T $10%sg+s& ()- /$10%gg+q& ()- Y$ 10%sq+s& ()-' F 10%sqg+s& (P4 MARCH 2003

10%sg+s& ()-&UA10 10% "+ & ()-g 3 10% "+ & ()- O#FT10% "+ & ()-F

s310% "+ & () - 105q+lesq+lesq+s s>10%sq+s& ()-nf[:vU4l0 = &IOW+& () -

T &10% N +y & () &100/qo’\+p&' ()- 'S nmaodf1# & ()-&t°S mMAOW+& ()-& tS

nPd 0% +& 10 A+ 1L>10% M+ & () 0% "+ & &109%4 + ()

9 &10%+&'(7}’) o &100 8’(")‘:3“&3?%"3@‘(’)4 EPFb‘A]zlt A‘i9 ‘('égfﬁézﬁKER%% * 8$10%

K+ & ()- n&$_1:(at!za§+&' CPp{(B0,;) 1 08BAG-ME (9 - used as an active catalyst

#3000 3 XL AL o UMM . ana
$100 ? SSTORIC U Ss$10% K 10 -
L \SL008 Ko pBekEi ELPTAY ol 3817 1 D8 i Kl %i@qhseﬁ%ﬁ is use3 in

10%gq+s& thelQNth/EQWr%(ﬁfvﬁmgl 2 MKIVBEHe -séc‘ifndl@. 5 [ vU410
10%sq+s& %89+ g+ Y 0

10%;g+s&' ?“‘}“‘f@ dﬁoﬁ%ﬁﬁ%é’%é@ °8l“f’a‘“) @é Fﬁ% %)1 “?@fﬁﬁi;e ()- Y
10%sq+s& Epom theobimste ytpreanat;o% step() -im .#afirilO%sq*&& e |

' 10%8q+s&nfakss of L@‘XQ&M @atla@:i% S&%%%%%Sﬁ s> 1apee sgep ,

S 0$10% g+l & D vU4 %609 +&'§ %40%s s&' 10%g+& () -

33 - $109g+: &’}‘% ‘%)1‘? tfhv’io G98R%’ {TPERIRS éB&l sqiﬂ +s10sq+S

ya:DO%sq+s&t¢:) -heb If¥omiss (hat® tha0Umaugd OF @o(NO,),.6H,0 used in

S1000+ T8 s GackBSfnblpaticy GRRIC 10 a0 ok $1028%45 4 g char
10%sq+s& E&mﬂiﬂ"gum@l&b of §Pd®@sga(§ﬂ aslde@egme;xeg by the
$10%9+&' ()EckmulabiQ%nniyl ) - fesuldd O GiHadisliked cob®l@WEddEng)obrt«obU410

0 - R - >10%s Yo a+0& -
Les10vrqs FEEE PR féso%q*ias B | PPROT L 010% B4 & () ¥6310068+: & ()-S
# 10% 8+ & ()-1 s .

15 71. A process according to Claim 70, which includes,
in the second impregnation step, initially dissolving the
Co{NO3},.6H,0 in water, with sufficient water being used
such that the volume of the solution is >x;y;{; heating the
solution to a temperature between 50 and 95°C; adding the

20 final inventory of y;kg of the calcined material from the
first impregnation step to this solution at atmospheric
pressure, to form the slurry; and continuously mixing the

slurry.

72. A process according to Claim 70 or Claim 71
28 wherein, in the initial treatment stage of the second

impregnation step, wvacuum is gradually applied to the

slurry, undexr continuous mixing thereof, with

60°C s T, = 95°C, and  with atmospheric  pressure

> Py =2 20kpPa(a).

30 73. A process according to Claim 72, wherein the
initial treatment stage of the second impreqmation step is
continued until the 1loss on ignition (‘LOI’) of the
impregnated material is 1,2 times LOI,,,
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77. A process according to Claim 76 wherein, during

25 the subsequent treatment stage, the drying rate is
controlled such that, at the point of incipient wetness,
the drying rate is greater than (0,048h"%) LOI,,,.

78. A process according to Claim 76 or Claim 77,
which includes storing the dried impregnated carrier or
30 support from the subsequent treatment stage at ambient
conditions in a dry environment before calcination thereof,
with the storage time being lass than
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& 50

((-8,1/LOT,; YLOI n10ag+26,2) hours, where LOI .;.,,q 18 the LOI
at which the subsequent treatment stage is terminated.

79. A process according to any one of Claims 70 to 78
inclusive, wherein the caleination of the dried impregmated
5 material is effected in a f£luidized bed calciner, or in a

rotary kiln calciner, at a temperature fraom 200°C to 300°C.

80. A process according to any one of Claims 56 to 79
inclusive wherein, during the first treatment stage of the
first impregnation step and/or during the first treatment
10 stage af the second impregnation step, a water soluble
precursor salt of palladium, Pd, or platinum, Pt, is added,
as a dopant capable of erhancing the reducibility of the
active component, with the mass proportion of the palladium
or the platinum metal to the c¢obalt metal being between
15 0,01:100 to 0,3:100.

8l. A process according to Claim 56, wherein from
1,18xy te 1,82xy kg Co(NO,},.6H,0 ig used in the initial
treatmant stage, where x is the BET pore vaolume of the
alumina support in mé/g, and ¥y is the mass of alumina
20 support to be impregnated, in kg and which includes
initially dissolving the Co (NO,),.6H,0 in the water, with
sufficient water being used such that the volume of the
solution 1s »>xyf; adding the support to the solution at
ambient temperature to form the slurry, and thereafter
25 heating the slurry to the elevated temperature which is
from 60°C tec 95°C, with the sub-atmospheric pressure or

vacuum that is applied during the initial treatment stage
being down to 20kPa(a).
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