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present iiyeBhiQe relates to a process for the purificatipprgbotdshani a
by.washing the titania with an aqueous sqlution of one or nore anmoni um
conpounds, separating the titania and the washing liquid and drying 5
the titania. More especially the invention relates to the renoval of

sul phur (mainly present in the formof sulphate conpounds) fromthe
titani a. The use of pigments i RUBAFAECST 1A RIEsAESTANIA nting i nks,

buil ding materials, rubbers, etc. is well known. 10 Organic as well as

i norgani ¢ conpounds have been wi dely used as colouring materials. Usually
a pigment consi stsheobpréyeny)iswehtipartiethesswhiocch @re darsacticzallhe
insoluble in the applied medium this in contrast to dyes, which are
sol ubl e i n t RV EDPI FeBifRdPlint 1 18nTRePHal A SWANGe thfotd&mind pivgrdntan s
titania (or 1548950 0¥l 08) of THREPEOCABSES ALRASRT dhgtisRAT e
titania on a comerci al scale. See For instance UTlTnmann's. éhcyélopedla
of Industrials&penising, tkefthtediti end Vok. wA20,inpagesiud Bl-a281 .4 r2QA nign
the "chloride ﬁrocess" titaniun1contaiﬁiggFﬁaML materials as ilnenite

| eucoxene, nattfab*had yfREEi ESPRGER EanPURPSEES dfd 24at &Se W%
chlorinated atendPf: 18@0_5@1pfrh£amnamhﬁ.gt pacsbheriidethe separ atred from
the other chlorides by distillation. The titaniumtetra 25 chloride,
optional |y afselphateheempovndstatiron, the batapiawi th an oxygen :
contai nin as at.tenperatures between 900. and 1900.C to form¢titani a.
The pignegtgobtaf%%%nﬁﬁet% spl%%§n¥§ %%rggﬁﬂgaf Eﬁﬁgﬁ Fﬁ&’oﬁrfﬁglpgpe of
application sope, feiheind reat sensl1 spyroppeesessacy. it LelANKZQ05. WO

03/ 018481 PCT/ EPQ2/ 08920 _ _ .
10 Organic as well as inorganic compounds have been widely

" used as colouring materials. Usually a pigment consists
of (very) small particles which are practically insoluble
in the abplied medium, this in contrast to dyes, which
are soluble in the applied medium.

15 The main white inorganic pigment is titania (or
titanium dioxide). Two processes are used to prepare
titania on a commercial scale. See for instance Ullmann’s
Encyclopedia of Industrial Chemistry, Fifth edition,

Vol. AZ20, pages 271-281. ‘

20 In the “chloride process” titanium containing raw
materials as ilmenite, leucoxene, natural and synthetic
rutile, titanium slag and anétase are chlorinated at
700-1200 °C. Titanium tetra chloride is separated from
the other chlorides by distillation. The titanium tetra

25 chloride, optionally after further purification, is burnt
with an oxygen containing gas at temperatures between 900
and 1400 °C to form titania. The pigment obtained in this
way 1is very pure. Depending on the type of application

some further treatment may be necessary.



2 In the other process, the "sul phate process", the titaniumthdAN 2006

materi al ,wwegBR¢d@1 |y iInenite and titanium slag, are di ssqlcugbobisez0
concentrated sul phuric acid at 150-220 C., Renoval of insol ubles and

precipitation of 5 iron sul phates results in a concentrated titanyl

sul phate sol ution. | atiyely pure titania di rate (also called "nesa
titanic acid") i S?Brggﬁpﬁt%éﬁ pﬁfcﬁf&r'o% s.%fhflﬁ%f%tesél¥%ﬁﬁF§ sofF i on at
about 100 C. TheaheRi RiaRd rapiidil e sospeci & | y1meh 8t e sS8hahat eaniahe

largely 10 renoved in further purification stages, especially by
washing with dilbgt edrgcidd ssed wpd Blreaxmart rAteedhysie bipeuris &tidertd

(usual l'y usin ary., vacuum filter) until, a titania (an rous Ti 02)
cont ent - of 30-95,@_%\2@ i ? %gfnéjlvﬁeld,oj&gﬁ%sio et ,legsr ouhd %ﬂ%ﬁ(‘% F%gffof’r%gt ed,
dependj ng 15 Qthhguugﬂ%t@fs arplileat iigh.a Gdrddrati Oned suitahly atilphate

tenperature bel ow 1000 C, especially between 400 and 700 C, 0.1 to_ 3
hours) is usuablytéapri E¢ladtvied yr dtugrey tiGaiss dpydxd bat ek yseweat hedds

of the residenc i e ft 120 :h.in ¢ L) L t
material. 20 AIB%S/% gg&""é?‘:s%{‘}&ﬁuﬁ tl%l Q:le g&?%stacﬁﬁs%ggn}?gfgd%ﬁllg%yspgftlt%fel y
deconposes tossupphte dooxtdernand ehegen 180 10 .ghete tesmerainges. I n

another formof the process the _obtained titania hydrate is suspended in

vat er and sprJPUBtFelS  ofEPETARAL Y G196 1e P e ¥ nad Tonl 223e Bési de the
use qfy titani a.A8,84P; gMelk+ HeLR A8 Al UiRfeaPRLiSAL] 918y e

ot her application of titania is'the use as catalyst carrier. A problem
in the use ofwashingi aidd datlaltest acard izend lespeEciatiynagv thhe i hpdiate

produced in the sul phat rocess, is.the hi content of 30 sul phur, .
especi al |y suﬁh_g’fL?efﬁgt ﬁéls_t“iatijﬁi i r}% cevao%uw%hmf bi #hEH L as
adsor bed sul phufi€aaghd (BhnyldRduRe ierm elortral sl hat@s.of {8 any
other form is often detrifnental to tthe performance of the catal yst

obtained, calcined, ground and further treated, depending

15 on the type of application. Calcination (suitably at a
temperature below 1000 °C, especially between 400 and
700 °C, 0.1 to 3 hours) is usually carried out in rotary

. kilns. Approximately.two—thirds of the residence time |
(often 7-20 h in -total) is needed to dry the mateiial.

20 Above 500 °C, sulphur trioxide is driven off which
partially decomposes to sulphur dioxide and oxygen at
higher temperatures. In another form of the process the
obtained titania hydrate is suspended in water and spray
dried, optionally followed by calcination.

25 Beside the use of titania as a pigment, there are
also other applications. One other application of titania
is the use as catalyst carrier. A problem in the use of
titania as catalyst carrier, especially with titania
produced in the sulphate process, is the high content of

30 sulphur, especially sulphate, in the titania. The
presence of sulphur, either as adsorbed sulphuric acid or
in the form of metal sulphates or in any other form, is

often detrimental to the performance of the catalyst



1 1 JAN 2006 WD 03/ 018481 PCT/EP02/ 08920 3 prepared from the filtHWiZ80b
carrier. woesegdsvity, the selectivity and/or the stabiliprgricke/smay be
negatively affected. In a nunber of cases3the regeneration by neans of
hydrogen treatnent results in the formation of 5 hydrogensul phi de, which

negatively af E?t%tp%\r%ét ?'r}éﬁxt £ RELHQLIANCE . Lt Nas fow ?@@Pvi@?”dtﬁé‘at

treating titania af el évated tenperature W th an ‘aqueous sofution
conprising oBselectiwieyaanoiiotmtéenaurds],itfoldowetk pybsepagat 1 ool of 10
the titania fraomthe aqueous sg&ytio and drying the titania, results in

a (further) pAEEfCEGoti LBnPalyReTWRcr3acy dddt TFHEeRTT PhEP” dontBRE F s

consi derably . gdegreagedn tReadfichitOhe RI1SQ tihe @OUN R LoNent ed met al
(metal s other than titanium especially iron and sodium 15 nay be

consi der abl y HedregsedulFhase.t hdighesewatdpslicairrelaaeslyst a
process as defiEed in claiml. The present invention is especially
suitabl e for PEFT&AME ftfide via the sul phate process. The titania 20

prepared accordi ngtt Rathhswpheeassouadd teeiMenGAllng @vads ablse on the
mar ket, generally contains between 0.4 and 2 wt % sul phur (cal cul ated as

el enental sul phevptefntemherprosesyiadeardiasy 90’ o priesent comveht | of
e tiLam a BBy B hiee! edgnee 0L Randlan k. dd 27 SR0STAL; oAl LT

each treatment " washi ng and Separati o thé anoun ur 1sr ced
by 20,0 o 98% tAkt et tanieefiamnthenbegeoisst seatutanirs drid appeatis that the
remai nder anount of sul phur (cal cul ated as el enental sul phur), usually

0.02 to 0.04 WE¥Frddes oY 188cease dfypridefor &unifiad peliavr that the
g:gp?; Qﬁg;ammcﬂfaﬁuheag& the LReRHRer aled it tihe dyisd de ofy,the primary
decreased. In addition, also the amount on unwanted metal
(metals other than titanium, especially iron and sodium)
15 . may be considerably decreased.
Thus, the present application relates to a process as
defined in claim 1.
The present invention is especially suitable for
titania m@de via the sulphate process. The titania
20 prepared according to this process, and commercially
available on the market, generally contains between 0.4
and 2 wt% sulphur (calculated as elemental sulphur). In
| the process according to the present invention the
titania may be treated once or more than once. In
25 general, after each treatment (washing and separation)
the amount of sulphur is reduced by 20 to 98%. After a
certain number of treatments it appears that the
remainder amount of sulphur (calculated as elemental
sulphur), usually 0.02 to 0.04 wt?, does not decease any
30 more. It is believed that the remainder amount of sulphur

is incorporated in the inside of the primary particles,

and cannot be removed by a simple washing method. The



and cannot be renoved by a sinple washing method. The 1 1 ! AN 2bbeAMRI06

03/ 01848 1wk ah/ R4/ 08920 4 anmpunt of sodiumiis usually degrepeRHsHY
50-90 wt % the amount of iron is usually glecreased by 10-80 w % As

al ready indicated above, the titania nay have been prepared vi a
precipitation, HPurlflc t|o of 1he, re0|§|tate

cal ci nati on. Nodi’ iS% LB?’OJCSes%SI{EI*He Xi9ant 2" i %lég? P@pgiéd By e

spray drying @Enout?% fdrashdif ihd:d e pprdadd esh pegchpi tateo qsRpecially a
newy forned slurry of the filtered precipitate, optionally followed by

cal cination. 10 Thé Eiltrgsdy timdecatsst aharihe W@cESEaeﬁat meyphegenbeen

invention i s comerci IIy avai l.abl e ual ly t tanla ntai ns at

| east. 90 wt % T"&F° prdgferatﬂrecngo v&%}lur%ﬁ)’r eplyfjlrg eraﬁ?y Bgt %glen 96 an 99
Wt % TisP. The pyieza paftdths fadgl i@t emd scalbtigsseohl alin Bulobs £skeidt abl y

between 1 15 and 200 mi cron, nore suitably between 3 and 30 m craon.

Lar ger or snaPﬁ@Feéégﬁéﬁbﬂdﬂé§“@a %ﬁsﬁﬁqﬂaRﬁﬁﬁpr%@tanSPrﬁweﬂﬂdﬂ“Sh@r

efficiency of 1‘@%%“'&19, t| t;B:LI lr@gﬂl){@gtgep%ggglrcggﬁgeg are

| ess desired. neraIIy, been cal ¢i ned
purification aew2@ tf@rm@rdatsunﬂsryofoiattﬁeea&tltmﬂe@ ppeetipiablky, 500 C
Anatase, rutile as well as aII kind of m xtures or internediates nmay be

used The anoGRE1GPddiprtiomed Qi #3dF He el @hent al  sul phur) bet ween
nd 4 w% preterably jhetween Q3 and, I M B br el er gl ¥h30,§geéeh*ﬂe

25 sul phur is renoved nore preferably 95%in one or nore washi st eps
The treat ment iofvenhhe oni ti@nicemmierdt itdld yaqueoussb kol ufsoally sbet abkgnia

Cont | nuous 305BTEEeE508 tane T e bIE: TaGR iR e HET hmoantt ot PPt d.
preferably between 96 an 99 wt% TiOp. The size of the
agglomerates is not essential, but is suitably between 1

15 and 200 micron, more suitably between 3 and 30 micron.
Larger or smaller agglomerates can also be used, but in
view of the efficiency of the waehing stage and of the
required separation step, are less desired. Generzlly,
the titania has been calcined before purification at

20 temperatures of at least 300 °C, preferably 500 °C.
Anatase, rutile as well as all kind of mixtures or
intermediates may be used. The amount of sulphur
(calculated as elemental sulphur) between 0.2 and 4 wt$%,
preferably between 0.3 and 3 wt%. Preferably 90% of the

25 sulphur is removed more preferably 95% in one or more
washing steps;

The treatment of the titania with the aqueous
solution is suitably carried out by stirring the two
components. Batch processes as well as continuous

30 processes are possible. To minimise the amount of liquid,
the washing treatment is preferably carried out counter-
currently. Typically the washing treatment is carried out

at a liquid/solid volume ratio of at least 0.4,



the washing treatnent is preferably carried out counter- current]l JAN 2006
Typi cal'| ywohes/oassshi ng treatnent is carried out at a |iqui @3aPoziossod une
ratio of at least 0.4, 1 1 JAN 2006 WD 034018481 PC77EP02/ 08920
preferably of fromO0.7 to 20, nore preferably of from1l to 5. Stirred
tank reactors may. de .used._ Tit ani nd/ washi ng | iLquid. may_be added
continuously &nd ST Barer s .O“Sudg'pén%? %O'na@%% ’é?r%%éﬁgégngfngwgl 3
and/ or 5 bat gfwisse.stBeside S| reshd ks neagt @ Ssusa@b sorpt peishapedor
washi ng equi prent, with relatively small backm xi ng, may be used.

Further, al soWasdghichg gyl dfayprie exdead mgnbenuagedy Thedpprof the

washing |iquid_is. . pr.eferably hetwee r ef erab 9. .10 In
a preferred erdﬁ%C |r]ﬁw€ne'tflsle%%etnasnl¥§n ?T'éa%\/ab:%:cejrdé#‘f%g %%ﬁ{eli\}v% lé?hgf ?ag}ofhe

washi ng treat meiichwidd (B jalfletiisr red i nt st tib+ ON. a Thb Spi peukhspkl a
smal | er burden of the calcination step as | ess undesired materials has
to be burnt oFSMHAT GIPEE Tr dHdt TSP hedSmd ] dear kByx1Bat heay

washi ng treatpen idhthe j Sl Ut be y
washing with r%rélsgé{'er ané/ or’ bndlylusfaB p?ge- viet ir’rgra%p or-o§ P;Fﬁgﬁégjgg Qtrﬂgypg(ree
- volume of the usedamihe pH afmrregnatdlomgMidgei sul ¢ gt ef dér gl o, bet@eepuBe
wat er or, preferably, an acltjeous nmoni um sol ution. 20 The washi ng '

treatment in ERE griocdSE oPHHE, ent- invention is suitably carried

out afpan el evatedn tenperatiylg ReRemAR ant 150 £ Pred epabl yq bt yeen
60 and 110 C, nore preferably between 80 and 95 C_ The washing

treatment stepurs sditeablayf tear rtihed wauth ityet Wees 28 0L D wand e hogweous
preferably between.0. 1 and.2 hour 5 o r;pereulpcrsef:.L_enraablélm ween. 0.2 and 1.2
hours. In a pPeFerred 5@361&|lr?§1r1t, Svéral” washi'hg treagﬁr%rnte%ur%?% arried
out in order t@er eBVankite osulsphal & sas geothn s PasS it e r £ACH NS A9
treatment may be foll owed by a. _
be burnt off and/or purer product is obtained. If desired
15 the washing treatment with the ammonium solution may be
preceded by & washing with pure water and/or by a pre-
wetting or filling of the pore'volume of the titania by
impregnation with a suitable liquid, e.g. pure water or,
preferably, an agueous ammonium solution.
20 The washing treatment in the process of the present
invention is suitably carried out ét an elevated
temperafure between 40 and 150 °C, preferably between 60
and 110 °C, more preferably between 80 and 95 °C. The
washing treatment step is suitably carried out between
25 0.01 and 12 hours, preferably between 0.1 and 2 hours,
more preferably between 0.2 and 1.2 hours.
In a preferred embodiment, several washing treatments
are carried out in order to remove the sulphate as good
as possible. Each washing treatment may be followed by a
30 calcination stage, but this i1s not preferred. Preferably
the amount of washings {followed by separation of the
titania and the agqueous solution) is up to 6, preferably

" 2 or three. The washing treatment is preferably carried



30 calcination stage, but this is not preferred. Preferably théjaitwuog
of washi ng® ¢3fakdsawed by separation of the titania and thedEgueo4§920
solution) is up to 6, preferably 2 or thrge. The washing treatnent is
preferably carried Ii JAN Z006 WO 03/0.18481 PCTI EP02/ 08920 6 out at
anbi ent pressure. t he enperat ure {;lygh% pressures may

When required b t
be used. The W&<hidty at“iké]aﬁcl?ﬁrﬁr ¥ sd"he" chF PR &b Bu an aqueous

wash conpri si RgnpdHattubes afi Yyl Lrp 2l @Nes Ohap BB 8s¥@t er- m sci bl e
organi ¢ conpoundS. The water-m scible organic conpounds may be, for
exanpl e, an al cohdhe wasdfigrabineameadlitcahay HbsP ngefeanriedooud eatboan
atons, nore pref eruasbl\ﬁy‘_:1 qﬂ caI cohol .nhavi nrgj.;;{é)n’él '{Eowéltcgr bg atons,
especially mef AT “or 6t handit T 45 g%naerajr, at© 10" | 8ast 50"t 96'6f Cfhe
aqueous wash gelret wer eMnli 16 Wi efngarni ef esmbdynas . | enst wfPemtfii sThB1e
amoni um conpound to be used in the present process is suitably derived
froma trial kpkgammeniapRPGEourRd e diBP k= anpbai uah ceapedad; an al kyl

anmoni um 15 cg un r subst4 tut ed [ u u referably
an unsubsti tng% g%(%ﬂiyu%%co%gpcoouno. h%%longg?é&ngt chgggﬁoggﬁﬂﬁl? Fomatic
anmoni um conpRuvRds prEme a1 wsed,a lnshdhenprigfigrense istbon ebkybn

anmoni um conpounds, or, nost. preferred, unsubstituted amonium WMre 20

speci fi cal | y, 23ERBSabSFR SRl Bhate 1adAL ol 3net abty Iedehisedt to 12
car bory, at ons, égggfte%@bw%l 40 the MY R0 ﬁJaegrabéalédfln g‘vrviJ-El;febe water,

abovenenti oned aronmatic conpounds are suitably pheny enzyl groups
(especi al |l y npneferabdiy- altkylleg=s@ 10 w@G. especially Cl) substituted), 25
pref erably phenyl

r benzyl.. The ammonjum compound js further suitably
derived from an o?gﬁnia %’ildl,m &?mﬁ%’cﬂdgaﬁﬂ geadi%e%rl%afr}f% RHeteof. Mre
especially, tB@ocess is suitably derived from a trialkyl ammonium

compound, a dialkyl ammonium compound, an alkyl ammonium

15 compound or an unsubstituted ammonium compound,
preferably an unsubstituted ammonium compound. Also
aromatic and/or alkyl/aromatic ammonium compounds.may be
used, but the preference is for alkyl ammonium compounds,
or, most preferred, unsubstituted ammonium. More

20 épecifically, the above mentioned alkyl groupé suitably
comprise 1 to 12 carbon atoms, preferably l'to 6, more
preferably 1 to 3. The abovementioned aromatic compounds
are suitably phenyl or benzyl groups (especially mono or
di-alkyl (C; to Cg, especially Cj) substituted),

25 preferably phenyl or benzyl. The ammonium compound 1is
further suitably derived from an organic acid, an
inorganic acid or salts thereof. More especially, the
organic acid is selected from the group consisting of
alkanoic acids having 1 to 12 carbon atoms, preferably 1

30 to 6 carbon atoms, more preferably Z carbon atoms,
dicarboxylic acids having 1 to 12 cafbon atoms,
preferably 1 to 6 carbon atoms, said alkanoic and

dicarboxylic acids optionally being substituted by one or



‘organic acid is sel ected fromthe ‘group consisting of al kanoi c! &ciAl<006

havi ng" 1 wo oddis¢s bon atons, preferably 1 30 to 6 carbon agQIEr2RI®H
preferably 2 carbon atoms, dicarboxylic acids having 1 to 12 carbon
atons, preferably 1 to 6 carbon atons, said al kanoic and dicarboxylic

aci ds optionall¥ beaﬂaﬁsubstitut%d bé one or 1 N 2006 03/ 018481
PCT/ PP02/ 08928°*¢ 2 ¥ e9aPRERY "gr'dufs ~Favi rif]g“a\“e s THaiPs € n atons,
hydroxy groupgyapdx¢yareupgsops, ch%ekbogeruidsyomydaoqdty dnagan «hl ori de,
hydrogen brom de, nitric acid, nifrous acid and (peéﬂchlorlq acid. In a
particul arly hyéfegeadchbozabedi myair ogknt e dmiviEnt inort I itche Girdvomiithmous
conpound is deriived fromformc.acid, .acetic acid,. succi-nic acid
glutaric acid?cbﬂtﬁgﬁiép55§8$HhF€Figcégrd%grah?ﬁf%d&#i%ﬁ%%nﬁﬁﬁieqﬁ%ﬁ
preferably themasapREnm 60MpAENEnvEn taBRAD NI aEEicaT &m0 Ic APEINAUM s
chloride- In the case of 10 ammoni uncthloride, FT catalysts can be nade
having subst@ptfidefyfrae SanBlpePFéfnmnAcetas c&atdl y$tUAsddedE Gfidi tani a

made by the c i p Ss : 2gent_.pr.acess. .the cqn tration of
t he annnniun?%g%%ggﬁdggggéuPPgﬁﬁggﬁnB%EQ’r%ﬁgéq%f%%F%hsgl%f e?b 5.0
M preferabl ychedtneea. OMdsandr2fbrabugt bae, atmeniwkmarcomicivmdofi sanmoni um
conpound and titania is between 0.01 and 1, preferably about 0.5. After

t he above des%WW%%Humaéﬁ?E@tFrgétﬁ@ﬁEPlPﬁecb%&§H€€-pﬁ@dG@PJQ§S§uP@abry
sepanat ed from Qx?i@ﬂHﬁPb‘f'dtg,o ??: FE'tQTys-trQ' %_a;qsb@%];%_d:%gh%%%%ds wel |

known in the literature. Plate filters, centrifugal filters, pressure
filters, vacusmb$idbeigléyctheanabe pseflorRantceofst lvetalliygii tharey bm

renmoved after_gravity sett]ing of e .titania, followed by further
treat nent . Cb%??%ﬁbﬁsmﬁ epPBcgggeghggrﬁg?lpégcﬁﬁﬁch processes may be

used. After In the present process the concentration of the
ammonium compound is suitabiy in the range of from 0.01

15 to 5.0 M, preferably between 0.1 and 2 M. Further, the
molar ratio of ammonium compound and titania is between
0.01 and 1, preferably about 0.5.

After the above described washing treatment, the

washedAproduct is suitably separated from the . agueous

20 solution. This is done by methods well known in the

| ‘ literature. Plate filters, centrifugal filters, pressure
.filters, vacuum filters etc. can be used. Part of the
liguid may be removed after gravity settling of the
titania, followed by further treatment. Continuous

25 processes as well as batch processes may be used. Aftér
the filtration the titania is further dried, and,
optionally, calcined. Alternatively, the filter cake is
additionally washed with water, especially at a
temperature between 30 and 70 °C, which results in a

30 further improvement of the selectivity in the FT
hydrocarbon synthesis reaction. An amount of 5 to 100 1
water/kg titania is preferred. Drying is suitably carried

out using commercially available equipment well known to



the filtration the titania is further dried, and, optionally, lc.?t{hpiﬂﬁ'ﬂed'

Al ternati ke filter cake is additionally washed wit
especi al Iyﬂa%mégﬁ?enperature between 30 and 70 C, which r_e'ts})u t%ﬁllrz_fr(lmawso .

further inprovenent of the selectivity in the FT hydrocarbon synthesis
reaction. An anmount of 5 to 100 1 water/kg titania is preferred. Drying
is suitably cddrd ethn cifilb¢dgicommeraital 2y basabbabrerequigirenwsi0l and-
known to 1 1 %I\é) 6 CVY%lOSEI1 01:I'<§48i1 P(%Fl[lEPgil Ogng) -tg tf} mirlljislr%i | Ited
in the art at tenperatties Bervgen 30-and c250°C. *RaPEFREFISn S8 *PEF ited
out in standakelgquidsrentto weld oWk Dl édeimanhekbkkedThe theasart. The
final tenperature is at nost 1000 C, preferably between 400 5 and 700 C.
Sui t abl e cal citreatiedtd i Fresl @rat H’E‘ﬁﬂv‘eefp(@f? 1 Caneir8fnvabsy bepeeral Y Oabout

0.5 hoyrs. | n_anothey ‘f‘é*.bosqh”@{ﬁ]i téﬁéi]’%?@i&ﬁ @L‘h?& 5?8‘%?%82 f)*.‘?
washi ng solution, is slurried w h & certain anoun of “water, ol owed
by flash dryi ggdr3 sty aesbading, 1 iGeng; ©pbilesatrky, cal cination. The
flash and spray drIyi ng is done with standard equi pnent, well known to
the man skilled iTh GREtIES CMRRIIR&Athg The stitabty caf Fpedreupvaat of

infet tenperatyes, hsturen, dA00 And 1350, 1 pEefen abl vy betveen: 850,304,400

C. Suitable pressure range fromO0.5 15 to 0.01 bar. so calcination is
carried out i nfstwancar,d feduivareity veldsikmwing ¢hebyaspskiyl Heging, t he

art. The final tenperature is at nost 1500 C preferably betwee 400
2nd 70 C. | SuPPEl GRLHIRI A o RANEE W belie oh o 5" 19818 AUREY 128

For caralyer aarri s e o e a1y e hen asaaa t o faprode he

sel ectivity, ad&tildiedy irafdyadr -asttabilhie ydxyfireatiad ysestebhpr £8Fngedt ohieast

one at inlet temperatures between 1000 and 350, preferably
between 850 and 400 °C. Suitable pressure range from 0.5

15 to 0.01 bar. Also calcination is carried out in standard

equipment well known to the man skilled in the art. The

- final temperature is at most 1500 °C, preferably between
400 and 700 °C. Suitable calcination times are between
0.1 and 3 hours.

20 The washing treatment of the present invention when
applied to titania for catalyst carriers is particularly
useful when applied to improve the selectivity, activity
and/or stability of catalysts comprising at least one
metal or metal compound selected from Groups Ib, IIb,

25 IIIb, IVb, VIb, VIIb and VIII of the Periodic Table of
Elements, more preferably from Groups IVb, VIb and VIII,
especially titanium, éhromium, iron, cobalt, nickel,
zirconium, ruthenium, rhodium, palladium, rhenium and
platinum, especially iron and/or cobalt. This applies in

30 particular when the washing is done at a pH of 7 or more,
especially between 8 and 11, more especially 8. The pH

may be increased by addition of the hydroxy compounds of

the above mentioned ammonium compounds. In particulaxr
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VIIb an f the Periodic Table of Elenents, nore pr om
G oups | zﬂl% hnd VI | I, especially titanium chromi um Gich("r%o]ﬁﬁ’% /§065I
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al kal'i net al ssaveyr .calssevaregat iveeefdcdBkahi soaeatasasy chessurface area
of the titania after washing and optional calcination is suitably -

bet ween 20 aﬁ&gﬁ%"r?e/egffecltcﬁ pYefEBhISA et ween 30 and 80 nR/g. Suitable
adj ust ment of theplenpgraly e of, the ﬁ{é"tnjgtz?@ﬁé of £ £&t C&Q@Biﬁ’?g@ﬁgcess

may result in the desired surface area. i's observed in respect

that higher egktGiomatl ok itEImeraiires smtal gggeme@\aééhnam@ﬂdtwesm@e@ults
in a lower surface area. 15 The washed and ied titania, optionally

aftero cal ci @atelf@l’rarlﬁ)y vertwestt tHblshdes Wsed/ § orshheapl epadatsonenof of
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hydrocar bons theoMESPRIFIIEE difs, thE FeHAT AP MPERCE ECkPBWACR NP REESS

literature asaihe 20 sehaindaRsced Qi Qe AR VBLSi L06nUopyLD Lhi S

process frequently
this respect that higher calcination temperatures or

longer calcination times results in a lower surface area.
15 The washed and dried titania, optionally after |
calcination may very suitably be used for the preparation
of catalysts, especially catalysts suitable for the
preparation of hydrocarbons from synthesis gas, a
reaction which is known in the literature as the
20 Fischer-Tropsch reaction.

Catalysts for use in this process frequently
comprise, as the catalytically active component, a metal
from Group VIII of the Periodic Table of Elements.
Particular catalytically active metals include ruthenium,

25 iron, cobalt and nickel. Cobalt is a preferred
catalytically active metal. Preferred hydrocarbonaceous
feeds for the preparation of synthesis gas are natural
gas and/or associated gas. As these feedstocks, after
partial oxidation and or steam reforming, usually result

30 in synthesis gas having Hp/CO ratios of about 2, cobalt

is a very good Fischer-Tropsch catalyst as the user ratio

for this type of catalysts is also about 2.
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10 The catalytically active netal is preferably sup- ported on a porous
carrier, espedir#ldntiqnania as prepared according to the process of the

presen inventio 5 Th moupt | ga -act] tal .on the
carri e‘gr’ is pref era%@ey a}n}\oqf%e #gn%%{%fﬁfégniggft%kgéggpb\%v%aggronlé epbw of
carrier matericlnrinr el prefefabhyl§romdfe ton8l pbwfrespecical 13y of pem 15
to 60 pbw If desired, the catalyst may al so_conprise one or 10 nore
netal s or net @eroxitePhrs PF ordf BERT T eRb b nBPAP PaRIEGE aplondirers Lbay

be sel ected frt%m8%' %qug _Iéé%d%ésﬂéﬁdylb}/(?ﬁ VB @gd@/lngbgf the Periodic Table

of Elenents, or the® actini n ant hani des. particul ar, oxides of
magnesi um cal ci umf stgsamddmti@ardamyl scandiynelydt conprisb bast banum
titanium zirconium hafnjum thorium uranium _vanadiu

ceriu di.um
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preferred metal, i dg o UDe 6 Sy i ddecat@l ysbmugedube BrEPane riEhe
waxes for use i n the pr esent 1 nvention are manganese and zirconium 20

oxi de. SuitablI&BretVdl prdribtRret nelye beesebdit efabienpt Elements, or the

actinides and lanthanides. In'particular, oxides of
magnesium, calcium, strontium, barium, scandium, yttrium,
15 lanthanum, cerium, titanium, zirconium, hafnium, thorium,
uranium, vanadium, chromium and manganese are very
suitabie promoters. Particularly preferred metal oxide
promoters for the catalyst used to prepare the waxes for
use in the present invention are manganese and zirconium
20 - oxide. Suitable metal promoters may be selected from
Groups VIIB or VIII of the Periodic Table. Rhenium and
Group VIII noble metals are particularly suitable, with
platinum and palladium being especially preferred. The
amount of promoter present in the catalyst is suitably in
25 the range of from 0.01 to 100 pbw, preferably 0.1 to 40,
more preferably 1 to 20 pbw, per 100 pbw of carrier. The
most preferred promoters are selected from vanadium,
manganese, rhenium, zirconium and platinum.
The catalytically active metal and the promoter, if
30 present, may be deposited on the carrier material by any
suitable treatment, such as impregnation, kneading and
. extrusion. After deposition of the metal and, if

appropriate, the promoter on the carrier material, the
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especially preferred. The anount of prangter present in the catalyst is
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C. O her processes for the pr%parati on of Fischer-Tropsch catal ysts
oaf

conprise 10 khBSIPRGPARUEILIRG, O8f tef F G TP I, SR FLYDhS aPyphyFe
cal cinnation a a iQR,: Qr [ ' o) 2d. by :
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conditions known in the art. _'(I;%/)pi cally, the cat al%%ié; conversion may be
effected at aPYt ERFePAPEAE StHPhELr dnged ot Y GiR B0 oY 59 *d

calcination.
The catalytic conversion process may be performed
15 under conventional synthesis conditions known in the art.
Typically, the catalytic conversion may be effected at a
temperature in the range of from 150 to 300 °C,
preferably from 180 to 260 °C. Typical total pressures
for'the catalytic conversion process are in the rénge of
20 from 1 to 200 bar absoclute, more preferably from 10 to
70 bar absolute. In the catalytic conversion process
especially more than 75 wt% of Cg+, preferably more than
) _ 85 wt% Cg+ hydrocarbons are formed. Depending on the
catalyst and the conversion conditions, the amount of
25 “heavy wax (Cpp+) may be up to 60 wt%, sometimes up to
70 wt%, and sometimes even up till 85 wt%. Preferably a
cobalt catalyst is used, 'a low Hp/CO ratio is used
(especially 1.7, or even lower) and a low temperature is
used (190-230 °C). To avoid any coke formation, it is
30 preférred to use an Hp/CO ratio of at least 0.3. It is
especially preferred to carry out the Fischer-Tropsch
reaction under such conditions that the SF-alpha value,

.for the obtained products having at least 20 carbon



preferably from 180 to 260 C. Typical total pressures for the cqtahjt2ilb
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formation, it is 30 preferred to use an H2/CO ratio of at least 0.3. It
is especiall goppafigesedtt d ey Y ottt & He3 Fr scbeefarapsyhd Or waét i d@render
such conditions that the SF-al pha value, for the obtained products

havi n at | ea®referéhivor % VIt AN 2006 WO 03/ 018481 PCT/ EP02/ 08920 12

atons, is at |east, QA25)107 eferAhlon At 1,8354c10- 9301 0L &5 P%Etfa%réa%lic%t

| east 0.945, even nore preferably at least = 0.955. Prefera
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referably 40 wt% _nore 5 preferabl 0O WM% Preferaply, a
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suitable catalyst for this purpose is a cobalt-containing 1
Fi schir - Tr ops &h scaeal-JstopsSiclradatlalsfst Sutte celselydes éne dhecribed in

literature, s e.g. AU 698392 and WO 3 The,Fi scher - sch
process nay bggﬁ &ﬁ&tetrftll—’]fe'prsoeceeses' go'r@f?%%e?%ﬁ%rggégg?ggspeci ally
a nultitubular firxedhedheprafrepally i ddusae hasse d5sfbuigi sed bed

process. i .
process or a fixed bed FT process, especially a

multitubular fixed bed, preferably a three phase
15 fluidised bed process.

The invention is further illustrated by the following
examples, which, however, should not be used to restrict
the scope of the invention in any way.

Example 1
20 Commercially available titania is washed for 1 hour
at 90 °C with a 1 M solution of ammonium acetate in
_water; Weight ratio aqueous solution/titania: 4. After
separation, drying at 120 °C and calcination at 600 °C
the amount of sulphur was measured. The same process was
25 repeated several times using several washing treatments.‘

The results'are summarised in Table 1.
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In three comparison experiments in which the titania was

washed with water,

sulphuric acid and hydrochloric acid

only a minimal decrease of the sulphur content was

observed.
5 Example 2
Experiment 1 was repeated at a temperature of 120 °C
in an autoclave. The results are summarised in Table 2.
Sulphur content (wt%)
Non washed titania: 0.240
1 washing treatment 0.035
2 washing treatments 0.030
Example 3
Expériment 1 was repeated using a commercially
10 available titania from another manufacturer.

are summarised in Tab

le 3.

Sulphur content (wt%)
Non washed titania: 0.750
3 washing treatments 0.060

The results



summar i seg g @3,0fdzhe 3. Sul phur content (W% Non washed ti @i !
washi ng treatnents0.060 WO 03/018481 - 14 41 1 JAN. 2006 PCT/ EP02/ 08920
Exanpl e 4 Experinment 1 was repeated using H commercially available
titania from another manufacturer. The results are summarised in Table
4. Sul phur corfxxtpiet4) Non washed titania:0.160 3 washing

treatment se7771 5 The n 2ria descr.i_hed in
Example 1, the ma r%%rﬁ?/\i%hgdw?%rEé\g%?rggngé%g%r ?%gﬁ%irﬁl@;ig#pl el
and materi al washerkple eeitines Nrdh anveneummehbdbicderier. tihe SaER way
as described in Exanple 1 were provided with 10 sim |l ar anounts of cobalt
oxi de . pronot ey THntEhesed imffePlactivati on with hydrogen, the
following results were obtained in the Fischer-Tropsch hydrocarbon

synt hesi s: Tenperat ureSTYCStsel C seli Unwashed nateri al 219224327 Washed
(3*, NH4 acetlat e) 223156886 Washed |(Stilphtiéd cbhoende)09Y9847 Washed (1%,
NHACL, pH=9) 222157B76 The above results indicate that-theg activity :
(expressed 1345 Bpehed ThHee™i@l d) and theOsdl®ctivity ((C5+ selectivity

and net hane I%$§$3§H§H6L%?é%%ﬂéﬁpgfease by g sgash g —tir eat ment s.

10 available titania from anot her manufacturer. The results r? U@
/éﬁébﬁg

5 Example 5

The non washed material as described in Example i,

the material washed three times as described in Example 1

and material washed three times with ammonium chloride in

the same way as described in Example 1 were provided with
10 similar amounts of cobalt oxide promoted by manganese.
Aftei activation with hydrogen, the following results

were obtained in the Fischer-Tropsch hydrocarbon

synthesis:

Temperature |STY |Cg+sel |[Cjysel
Unwashed material 219 22 43 27
Washed (3*, NHy acetate) 223 156 88 6
Washed (3*, NHg chloride) 209 79 | . 84 7
Washed (1%, NH4Cl, pH=9) 222 57 [ 87 6

The above results indicate that the activity (expressed
15 - as Space Time Yield) and the selectivity (Cg+ selectivity
and methane make) considerably increase by the washing

treatments.



11 JAN 2000 - 15 CL Al MS 1. Process for the purification JAN 2006
calcined titania by treating the titania with an agueous sol uti ln
conprising one or nore ammoni um conpouds at el evated tenperatures,
separating the titania fromthe aqueous solution and drying the titania.
2. Process according to the present invention in which the titania has
been prepared by neans of the sulphate process. 3. Process according to
any of the preceding clains in V\/rcl h_the el evated tenperature is a
tenperature between 40 and 150 y between 60 and 110 C, nore
preferably between 80 and 95 C. 4. Process according to any of the
preceding clainms in which the treatnent step is carried out between 0.01
and 12 hburs,Pedss dbty Pee viehl DL dataien 3 o@ﬁ]sClWeth’@@#lé@albl’y

b 4 5 di
betveen, (A MGF GIU S By FOLESE ARGOU LR A Slpd b prgocc no

ammoni um oot nth rea ahired kiyhm acmnmstmxml@oimwrmvamd attémberamm@t um
conmpound or an unsubstituted ammnl um conpound, r ef er abl
unsubstutiﬁR&F%ﬁﬁﬁﬁ1Rﬁﬁ(ﬁﬁﬁﬁﬁ&ﬁi Leom Briye e%%u%ﬁkﬁn%%¥ﬁf%%pa do@th%g
precedi ng.;¢l & 718,44 . whi ch the ammoni um conpound is further derived from
an organic acid or an inorganic acid, preferably an organic 1 1 JAN 2006
16 acid is selected fromthe group consisting of aI kanoi ¢ aci ds having
1to 12 c rbon atons, prefe 1 to 6 carbon nore preferably 2

ably
carbon at T BORAGTE %Isto NaVF it 25§70 132mé%l?1bb9ln at oM PR ef er abl y
1to6 caﬁb@rtl@érplr@,hé@@e@fh k&b £r & do i £ DOXYE | €n@cidspRptLonal |y

process.

3. Process according to any of the preceding claims in
which the elevated temperature is a temperature between 40
and 150 °C, preferably between 60 and 110 °C, more
preferably between 80 and 95 °C.

4. Process according to any of the preceding claims in
which the treatment step is carried out between 0.01 and 12
hours, preferably between 0.1 and 3 hours, more preferably

between 0.4 and 1.5 hours.

5. Process according to any of the preceding claims in
which the ammbnium compound is derived from a trialkyl

ammonium compound, a dialkyl ammonium compound, an alkyl
ammonium compound or an unsubstituted ammonium compound,

preferably an unsubstituted ammonium compound.

6. Process according to any of the preceding claims in
which the ammonium compound is further derived from an

organic acid or an inorganic acid, preferably an organic



bei ng substituted by one or nore al koxy groups having less than 5 caﬁﬁ&n
at ons, hydroxy groups and cyano groups or hydrogen fl uoride, hy&ﬂo@@
chloride, hydrogen brom de, phosphariig acid, phosphorous acid, nitric
acid, nitrous acid, and (per) chloric acid, nore preferably the amobni um
conmpound i s anmmoni um acetate or ammoni um chloride. 7. Process according
to any of the preceding clains in which the concentration of the

ammoni um conpound i.S in r e of fromO0.01 to 5. referably
bet ween (?%r%rkf fe%\ﬂthﬁdt iqf'r'%i tHE Hol " Fat 'H}%fogrﬁ%ﬁ%%omound
and titapiad wdateean (@ 0b andbn Ry, aline o1 P. 5.t 8.6 @iyt or

cat al yst precursor conprisin%-as carrier titania as prepared according
to a procésssas Mpescrnsdeniablary @iedY aisms ofditdrriaeda sc 12¢ly. 9.

Process fof, e.lp.rt%oalr2atcla?{]i>oor}c ahcyoq{so‘:%'%‘?&abﬁf)”%rﬂos'é‘gcafc c%r?‘Ct' ng at
conver si on condi'tions “synthesis gas a sui‘tabl e catal'yst conprising
as carri eftdnid,aniaa d asl repar ethdactioraibugk ilo a quriate ssotasorgelSey | bed i n
any one or nore of the claims 1 to 7.

being substituted by one or more alkoxy groups having less

than 5 carbon atoms, hydroxy groups and cyano groups or

hydrogen fluoride, hydrbgen chloride, hydrogen bromide,

phosphoric acid, phosphorous acid, nitric acid, nitrous

acid, and (per) chloric acid, more preferably the ammonium

compound is ammonium acetate or ammonium chloride.

7. Process according to any of the preceding claims in
which the concentration of the ammonium compound is in the
range of from 0.01 to 5.0 M, preferably between 0.1 and 2
M, or in which the molar ratio of ammonium compound and

titania is between 0.01 and 1, preferably about 0.5.

8. Catalyst or catalyst precursor comprising as carrier
titania as prepared according to a process as described in

any one or more of the claims 1 to 7.

9. Process for the preparation of hydrocarbons,
comprising contacting at conversion conditions synthesis
gas with a suitable catalyst comprising as carrier titania
as prepared according to a process as described in any one

or more of the claims 1 to 7.



