WO 03/ 018481 PCT/ EP02/ 08920 - 1 PURIFICATION OF TI TANI A The present
invention relates to a process for the purification of titania by washing
t he titamve osioisasan aqueous sol ution of one or nore anmopPCArEPONgPUNIS,
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 titania. The use of

pi gnents in paints, varnishes,Pgﬁ&p&&g?lohn5§,T?ykkggng mat eri al s, rubbers,
etc. is well known. 10 Organi ¢ as we as rnorgani ¢ conpounds have been

wi dely used as colouring materials. Usually a pignent consists of (very)
smal | particles which are practicallgginsoluble in the agglied medi um

this in contrast tBedpE8SeRhi tRAVeRFEORFEbEESF ntP 2 REPFFRY MBI ke 15 The

mai n white ingLYaREE,PiBABRE £Sthhianb@ (Q5nhihgt Rk um dhRXh de)en THR
processes are used to prepare titania on a commercial scale. See for
i nstance U | nagnesusEncyutbdpedPa ofie| aduser ¢ apmEpehigt ¢gmpFufids, edi ti on,

Vol . A20, pages_271:281..20 In_the " oride si.titani ont ai ni ng
Yaw materkarSSRECTTabn BY FErenfa g EhEru e aRa L b A GO
titanizum sl agtaedtanahase Boeecbbpethaled ahe 700ed206n GreTateni tun tiesra
chloride is separated from the other_chlorides 5% distillation. The

titaniumtetr&cP8Vehl 8fi a8lPBPEi (RAFPYY aPTeFRbir thetNputP¥FTction, is burnt

wi th an oxygen,¢gALRLNLBALEARASY) EeHRet Rt Ut esahefveen 900 and 1400 Cto
formtitania. The pignent obtained in this way is very pure. Depending on

the type of appli€heiope sdHnpifmenherinreaiment naynbehewcassaryling\0

03/ 018481 PCTQEEQ?/QQ%%Qing materials, rubbers, etc. is well kﬁown.

10 Organic as well as inorganic compoﬁnds 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. A20, 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 is very pure. Depending on the type of application

some further treatment may be necessary.



2 In the other process, the "sul phate process”, the titaniumraw
material, especially ilnenite and titanium slag, are dissolved in
concent r awed3du4phuri c acid at 150-220 C. Renoval of i nsecamrerosand
preci pitation of 5 iron sul phates results2iA a concentrated titanyl

sul phate solution. Relatively pure titania dihydrate (also called "nesa

titanic acid") istpregLpl d ro I $ e S tion at
about 100 C. The Pgngﬁ%l %Eﬂ%ﬁpﬁf?‘%%g' {elés{%ec?lgffﬁ)@%n%t%#&g%%h’atgg are

| argely 10 rembgrdunnréwrnbeerpalj f especonl 5y agbseniespegnadl t ytdoyiumashi ng
with diluted acid and by.bl eachiing. The hydrate, is filtered (usually using
a rotary vacuﬁﬁf’?il?é?)'éﬁﬁf‘i)?veg ?Pt%ﬂ?céeé({%ﬁ?@%ﬁo RIS C cBR Lt t of ~ 30- 40
W% is obtaingd-2gal Ecnedemgt@UNEr andsduibhes ixeabedcigepentbmg a5 on the
type of application. Calcination (suitably at a tenperature bel ow 1000 C,

especial |y bei®eenSubphahfs yeoutLsoin 2 oCoNEROUFEIted bhEtRNYY Takphake out

inrotary Ki r 0%) -1 hi t resi den i ten
7720 h 1 b tot S e R ehea ey PR e S Py | M A BB e T B
trioxide is dringea bifamhcchcipé)tial pyedevongposesby ohgdd hysi €li okidee and
oxygen at higher tenperatures. In_another formof the process the

obt ai ned ti tagi‘gp.}ﬂ?&?a?@il\lglgﬂsf)ténﬁ%‘au? nfé/\%t e#‘ ahtf spFay* " Ht9 ed, optional ly
fol l owed by cahghpatien, 25pBeshdeythetases@iphitad) aans BaRbLIPNt, there

are also other applications. One other application of titania is the use
as cathl yst chePPEed Anpfebreayipurhbicafel ot Staganhi LReehblyYcarrier,

especially wt i anj p in:th S i i gh
cont ent of SOWEﬁ*%ﬁgr%%gpgg?gF§€ %ﬁ?%hﬁ?i%frﬁ@%ﬁ%&gﬁinﬁhé m&%&ésence
of sul phur, eisheilasradsoubedl syl phimgca acotdany vacuimet fbrewofumtet Al

sul phates or in_any other for IS .
P a tgtgnga ?anhydggus TiOp) content of 30-40 wt% is

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 matefial.

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 A 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



often detrinmental to the performance of the catal yst WO 03/018481

PCT/ EP02/ 08920 3 prepared fromthe titania carrier. The activity, the

sel ectiviwg oan¥4er the stability the may be negatively afrCeaperiosorn a
nunber of cases the regeneration by neanrs3 ef hydrogen treatnment results in
the formati on of 5 hydrogensul phide, which negatively affects catal yst

perfornance. Litehaseaowrbaernboundahhat chireaktirngrhit aBkavaty, etguated
terrper ature wth an aqueous sol uti on CoerI’I Si ng one Oor nobre ammoni um

conpounds, foEEé@@@lﬁyt§eﬁaﬁdproﬁhéfSieb@ﬁétvltbﬁlaayrbﬁ1ﬂﬁ@a§quééus
solution and diyi, QQeEheIntEtﬂﬂhﬁerr8§”EE§eE”tﬁe(EQQ%PSEE&EBE' ﬁ gpnanla

in. which at feast the sul phur  content I's consirder ecrea
addi tion, aIsofthgdamgentt@aammmamtedsaétal1n(ﬂhéaESrmhhebntbﬂn titani um

especially iron and sod e considerabl y _decreased, Thus, the
presen? appligﬁgFBQGPEPEPEE nﬁ%FBCB§§a§§VGé¥fP¥£80Fﬁ ERERHYEC The
present inven bQ@OkﬁagggeC|ally suitable for titania nmade via the sul phate

process. The titania 20 pregared according to this process, and
comrerci al |y avai Fabh@soRowh eﬁﬁrﬁ@ﬂndgbhétatF?aééﬁgathtabe@m@bn 0.4 and 2

o % sul phur” (3Gl akedAB.FLERA" Al SULANUELcobl SLiG: PLACESR,RECORging tO

the present invention t Itanra ma Once orf nore

In 25 generalonafbermeaehammeaﬁﬂmntompaehdag ﬁnﬂlseearhyleabaréheoﬁnﬁﬂnt of
sul phur is reduced by 20 to 98% After a taln nunaer of treatnments it
appeat$ that th& tﬁé%ﬁﬁﬁdéFOQnﬁ taSFegﬁFpﬁﬁ u?éﬁ?cﬁ t 88Y 489 eF BFent al

sul phur), usuahk¥n9e02r£Qu9tQ4;Wt % §Q§§h@9§ 9§9§§§§daBYt§91QDr§n It is
bel i eved that the remai nder anount of hu
which at least the sulphur content is considerably
‘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 mgde 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 hore. 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



is incorporated in the inside of the primary particles, and cannot be
renoved by a sinple washing nethod. The WO 03/018481 PCT/ EP02/ 08920 4
anount ofweodiows¥si s usual | y decreased by 50-90 wt % the @acomPn2/0920 ron i s
usual | y decreased by 10-80 wt% As al ready t+ndi cated above, the titania my
have been prepared via precipitation, purification of the. 5 precipitate,

filtration andneghei Bat 58R:1uhNid BEhii@ddecPEQSEESHE NSOt bY aki |, hagebeen
prepared by spray drying or by flash drying the purified precipitate,
especi al |y a amewhy PérapdnsiarpguatlyhdecrepaeddoprelrpPtet®; optionally

foll owed by cal cipat| The. 1] [ be_used. i e_pr 0 he
pr esent inventio%gié?g%ﬁégr%Fgf%é£§€a??%g?é.t%gugf#§n%%em Y?@%?%.b%%%tains
at least 90 wp¥eph©ld piefprabliypifatwwsy porefipsaeienadtythet ween 96 an 99

W% Ti Q2. The size of the _agglonerates is not essential, but s, suitably
betweeh 1 15 EﬁﬁciBetﬁFEroﬁ}gﬁﬁ?Elgﬁi?%%I§ag%fﬂﬁgh°%'a%ﬂ %Omﬂékfbﬁq Lar ger

or smaller agglgpeLat eaeCantahss HEsUSEEn BHEphRed. My e¥pphytheyehiskency
of the washing stage and of the required separation step,” are |ess
desired. Genebul Eyasht deyvinganhe husibbed pa¢eipetaber opeppordailvadi on at

20 tenperatures of | eas C.cp e 0] . e, rutile as
well as all kPﬁHQSf%%fQ gréégggy ?ﬁtégéeé?gt%gé%a§g%%l€2€%€éThe anount of
sul phur  (cal eptabrdliag ebebental bgutphaidabedtneen 0.2 and 4 w %
preferably between 0.3 and 3 wt% Preferabl 0% of the 25 sul phur is

9
removie nore pref €PabFitaBafi hOohe BFedhotR yﬁ%s%¥%ﬁ?%§e%§.tﬁ% ¥ ent of

the titania withchPeoAAYEOUSmmEPLYEL PP 45asuhb bl YUSRET1$dr oMt DYastdrring
the two conponents. Batch processes as well as continuous
contains at least 90 wt% TiOp, preferably 95 wt%, more

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 washing stage and of the
required separation step, are less desired. Generally,
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,



30 processes are possible. To mnimse the amount of liquid, the washing
treatnent is preferably carried out counter- currently. Typically the
washi ng tweaBmesas1is carried out at a |iquid/solid vol umecratrozossko at

| east 0.4, WD 03/018481 PCT/ EPO2/ 08920 _-c¢5_ preferably of fromO0.7 to 20,
nore preferably of froml to S. Stirred tank reactors nmay de used. Titania

and/ or mashln I| u e adde ntiwnugusly and/ or, -bat

Suspensi on na? %a%ﬂyég%coﬁppnﬁogs%§ gpd/orrg Ba?g ﬁfgéy ggs%%gmsgirred

t ank reactorsxoaBsosmumeeahapad reashiong ﬁaylﬂﬁEUEedmﬂTﬂtéﬁhathQVMrSWa|

backm xi ng, may be used. Further, also |eaching &é of processes may be
e

used. The pH oﬁaﬁﬁénﬁaéﬁﬂﬁd IW&MlHelédSP@féPQEFVUBéﬁ Ang/oand 11, nore
preferably 9. béQcml%epr%B%g@%gl%ﬁbagwset rERevEht @Bh@lhﬁo\ﬁ@_%g]egn bR pure

wat er after. the washing treatnments with the aqueous anmoni u ution.
This results batahwaableBebuddent@treﬂheaoalcﬁﬁatpon,saépoaglpesshadeS|red

t I's has to, .be burnt off and/ - product ined. If desired
5. Chewashi nd“EP4AEaHE HIER e nEARBAT i LB 0t PR e BT B 82edB8 by &

washing wth @@raswatewuanﬁé@r By sa méechmﬂgttpgeObffpkbt@ls@E hhg pere
volunme of the titania b§ npregnation with a suitable liquid pure
water or, pr&e&fabby, P n°§q&§8u§a§ﬁﬁﬁﬁléﬁﬂgbﬁu%Foﬁreﬁerﬁﬁéymh§HWﬁ§n 8

treatnment in the PROCESS Lhe BLesedt invention is suitably carried out
at an elevate% tenperatﬁr%rbetﬁeen§40 and 150 C, preferably between 60

and 11® C, nore pﬁeferabbﬁebeedeembaﬁlaadtgﬁhe tThenlaashlngsheéaWDEht step
is suitably carrled ut b .01 an hour s, ferab betmeen
0.1 and 2 houP§'® 8rpﬁg%gfagpﬁ BgFgégﬁ rﬁagﬂanﬁ Wﬁgﬁ §£ 4°Breferred
embodi ment , S@Mﬂbﬁhuﬁﬁ%hﬂﬂ@1bheaEHEBt§esults in a smaller burden of
the calcination step as less undesired materials has to
be burnt off and/or purer product is obtained. If desired
15 the washing treatment with the ammonium solution may be
preceded by a 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 aqueous ammonium solution.
20 The washing treatment in the process of the present
invention is suitably carried out at an elevated
temperéture 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 is not preferred. Preferably
the amount of washings (followed by separation of the
titania and the aqueous sclution) is up to 6, preferably

" 2 or three. The washing treatment is preferably carried



are carried out in order to renove the sul phate as good as possible. Each
washing treatnment nay be followed by a 30 calcination stage, but this is
not pref ewoadoifseferably the anount of washings (fol | owedTiBPoZesd20 ati on
of the titania and the aqueous solution)gis up to 6, preferably 2 or
three. The washing treatnment is preferably carried WO 03/018481

PCTI EPO2/ 08920, 62 Qb18he APPLECL DY SRR CrodlieRed gy ££d DY the
t enperature, hrgher pressureS nay be used. washing treatnment may al so
be carried outempthainreaqobéghsrwasdssonpsisangoa wsadure of water and one

5 ter-niscibl ' ds._Th ter-m sci bl '
conpounds fay be, TFOrBSAMBYc TR COMBEY 2 BRRrER ot Hi o CoHbt Rt ng

from1l to 10 ganbeisakgsEk, coﬂﬁf@sﬂﬁ@fgrxﬂbkt/uﬁ@ &t cohobr havdngnérem 1 to 4
carbon atons, especially nmethanol or ethanol. In general, at 10 | east 50

W % ofS t he aghebasWABSK-BaPGiPoA WFRNbE GRltlReUNdpr eFlee abd i at™ 2abl1lq0
W% The amm&gm?negfﬂggumsbﬁay%g 'Po£h§x£rg§f§”t nPEPEERS | S suitably
Ky a ky?

derived froma fria mohi um - conpound, a anmoni um conpound, an
al kyl ammoni uprdbeeabhppuad oicanounsabshgt fited Antonl UneLovgpouandoms,
preferably an unsubstitu%gﬂﬁannnn aromati c _and/ or

jum c ound. SO
al kyl / ar omat i RORFmBAF HFT oﬁﬂd%iﬂ%Qoggpaﬁﬁ%%,é%ﬂ? 1 heC pf eF2FRNee is for

al kyl amoni Umgﬁgﬁoag 8cia®ly MBShalb el 6Freehandsubst i §akeeh pmBpAi um More
20 specifically, the above nentioned al kyl groups suita %{ conprise 1 to

12 cdrbon at oh&aspreferhbl 9L 1the squeene wapslkefeehbiion ¥bls baheater,
coover | oneR ARG SPTIRR S SULLa0lY PN o bene, S0P,
preferably phenylTiee &enzyiumTbemaommodi tion leonpeeridin sSthe present
process 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 1vto 6, more
preferably 1 to 3. The abovementioned aromatic compounds

are suitably phenyl or benzyl groups (especially mono or
di-alkyl (Cq to Cg, especially C7) substituted),

25 preferably phenyl or benzyl. The ammonium compound is
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 2 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



further suitably derived froman organic acid, an inorganic acid or salts
thereof. Moire especially, the organic acid is selected fromthe group
consi sti ryomB/o1sBkanoi ¢ acids having 1 to 12 carbon at onsPCpEPhresaRiy 1 30
to 6 carbon atons, nore preferably 2 carbgn-atons, dicarboxylic acids
having 1 to 12 carbon atoms, preferably 1 to 6 carbon atons, said al kanoic

and di car boxyl.i i o I n b ute n WO 03/018481
PCT/EP02/0892%§]orfé %ﬁk%%Fé %%yhéfgﬁg gﬁaglﬁgbbeésga MOH gggéﬁon atons,
hydr oxy grouphydmdqu@m@u@soapg c&ydbogenupbuohydepgehydnogemdehlorlde

hydr ogen bro n|tr| aC| trous acid and er)chloric¢ acid. In a
pgrtigularlynbﬁgfgﬁﬁgd Lok SVNbHFrBQePh rPW&Bﬁt§8ﬁtlﬁﬁea8 niahF €8fpound

is derived frenyf ahlil qpagi)dhlaeeti 6caal dinSHCphRtEcaAthdly phukarigegacid,
phthalic acid, nitric acid or hydrogen chloride. Mst preferably the

annDn|@n1conp@@ﬁ@dﬂﬁenénﬁénﬁﬁﬁlaé§?aﬁé°6r ShfroATOAN EUMOEPEROUNA Lhe case of
10 anmoni unchlyarl; dey %} ﬁa%%l §ES ¢ag be opde Q@Y BU§?E§£8n Layly the

sane perfornance as ca ase on’ titanra na e " chloride
process. In tbéupaeaenhcpdoceh$haheccaumdntnatrmn atluher Apdpogam conpound

is suitably in e .range of 15 to refera between 0.1
I B B T I Cheg g

bet ween 0. Olaam@nlump@%%g%el ¥rabarbndum. chAibel atherabone dgserbbed
washing treatnment, the washed product is suitably separated fromthe

aqueols 20 sehuphapmcTAPE ids déhechbyaheshodsanebt Radanhavinge literature.
o e “BAEERRPE IR, A Sihg PREFSULgCELEeLgep aEbm Ll o et
t he titania made by the chloride process.
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
washedvproduct is suitably separated from the.aqueous
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
liquid 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



titania, followed by further treatnment. Continuous 25 processes as well as
batch processes nmay be used. After the filtration the titania is further
dried, amapo3op4Bonal |y, calcined. Alternatively, the fil Per/ErPakesons
additionally washed with water, especiaklg at a tenperature between 30 and
70 C, which results in a 30 further inprovenent of the selectivity in the

FT hydrocarb@ﬁef gh%%%ﬁlééaﬁk'QHetagF39@“9&m§%r§t&Peéoge%we&ﬁt§6/59?|y

titania is pre ying is sul carri using conmercrl a
avai | abl e equkpefic. mebﬂckne%moh01vmb33tmee4aatPﬁi/EP@ﬁd@B@Z@tupmehe man

skilled in the t at te tures ggtrfea 30 d 250 ﬁ% |CI ation is
carried out |He aﬁBQWB FBefit? G&HHIRAOWA tﬁét €k }T% in the
art. The flnakembéaaeﬁabuag b8 AbsBD$H04000, Cpr@f6£§5§?|Mebﬁé@ﬁemoéoo 5 and
700 C._Suitable calcination tines are between 0.1 and 3 hours, §e0|ally

about 9.5 hoursd TR%an6t hEriEAbAEI FRREINERECR E&RPS, 2BEL BELYERDVAL t he
washi ng sol utigan, 3'ﬁoﬁ§§rrb§?e@ﬁ5?69 SELLA B, gnyﬁ Nt of water, followed by

flash drying or by spray dryfng, and, optlona cal cination. The flash
and spray drying IhsadohBew ehbstaneat d equpHEmm;ameéftknommn¢wa1h@fnan

skilled in that art. The dr is suitabl .c ri ed out t
Cemmper at ur es BEEWIBRN 1080 AMHCISD; BF e LPELHSS Bet eRntB5ht HAG 0N E

Sui t abl e presgyr gakange rbnoawedSnE5r1 9sh. @iybﬁ@ oﬂlﬁp §§i§ﬁn@£yﬂﬂg
carried out in standard equipnment well known to the man skilled in the

art. The f|nandteﬁﬁéﬁaﬂaﬂéYrscéﬂchﬁéF1QBOOT@? pteskrand yspet ie@hY 1490 and
oo g T arhg L TAhoCLhERse beuren 0uL BT pose T
catal yst carrbei3led marthaularty The drying is suitably carried out
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 II1Ib, 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 9. The'pH
may be increased by addition of the hydroxy compounds of

the above mentioned ammonium compounds. In particular



useful when applied to inprove the selectivity, activity and/or stability
of catalysts conprising at |east one netal or netal conpound selected from
G oups | bwoloBlo1s486 111b, Vb, VIb, VIIb and VII| of the Pecirazosbabl e of

El ements, nore preferably from G oups I¥b9 WIb and VIII, especially
titanium chromum iron, cobalt, nickel, zirconium ruthenium rhodium

pal I adi um rheniymand; sphkulnug, %§es§kgthmhaﬁmuﬁn998£099§@LtmaJhbé
applies in 30 particul ar en the washing is done at a pH of 7 or”nore,
especi al | y betwedn 8handlkyl gwoepespacbaktycolaThetppll amymbehyhcr®ased by

Compounds. 1 nigAR) FEGLEF S0B D70 A AE1 L PCHEROSRBEa0- CBLCR kO P2 LBl al Ky -

or trial kyl - anmpailumyhydikededegNaayber KorRY, mbheaakkybegneswps in particul ar
ethyl "or nmethyl. The_ _nost preferred conpound i s anmoni um hydroxi de. Al kal
metal ‘hydr oxi 8E€BSERaBLYoWPROHF PRaYy28R$BIbaSusRdIo8eEesBECR aVR§hiRenvi BB

washing is folleowed hy,a,washipgcuktBr WRLETi HOWRYS mallagesSeof alkal

nmetal s may cause negative effects in some cases. The surface area of the
titani a afternegshing afdecopt ionabmeates@ati on i s suitably between 20 and
250 n2/g, 10 preferably _between 30_apd 80.nP/g. Suyjtable adjustnment of the
t enperat ure of thégar?F%gagﬁdf5?ac8Fc?ﬁ%tg%ﬁg%r%c%g ern%ﬁsyéé%l?n n the

desired surfaggiapga; E51E§n9P§SEV§9 kRithBiy Lespech bhay Biﬁﬁﬁr%?(%ﬁer

cal cination tehperatures or onger calcination tinmes results In

surface area. ptordhapngshedward doi gHdt b anPag. ophi 8Bl LYadfh®fment of
cal ci nation naé very suitably be used for the preparation of catalysts,
12

especi al | y catBPy5eBpsuptabreofofhehdrypr@panrdl poncal chydt bearbopeessom
synthesis gasy,8  L&AFL' 00 YHLCHeLS KQOM FACLNE Lt ept e B8 L0Ey in
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 Hy/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.



20 Fi scher-Tropsch reaction. Catalysts for use in this process frequently
conprise, as the catalytically active conponent, a netal from Goup VIII
of the Pewpnadiots43nbl e of El ements. Particul ar catal yti calPicy/Epor/osseo net al s
i nclude ruthenium 25 iron, cobalt and hnixket. Cobalt is a preferred
catalytically active netal. Preferred hydrocarbonaceous feeds for the

preparation of sy esl .ar atural.. ga ndLo jate as. As
t hese feedstocks,%ggtgﬁ%aggﬁﬁgg lgx%gatign aﬁaﬁogss égﬁggg?gﬁngﬁg, usual l'y
result 30 in pyntkesion gapolrawvisngaki2i€O,r aspesiefllgbhoitadiacabalt is a

very good Fischer-Tropsch cat.al yst the user rati for this type of
Cathlysts i s RESBAABOURCEOTIGIGAFE18R61 PRETFEROF0B0S0PTESERE The

catal ytical lyjagkinteonetal is preferably sup- ported on a porous carrier
especially titania as prepared according to the process of the present
inventPon. 5 The aRBuAlmo¥ntcafarptpredFigaadyi vetihBeamebali e tharrier is

preferably in .r.an f L to,3 p ercl b rj
mat eri al , norg%g?éfgrgglgrf%gﬁg%gy ?8 ggepg§%g§s%£c?gPﬁy§#?én??g F§&60 pbw.
I f desired, tpercabal pbv wdy calrsdeconmpteseadnemorelPradeeabeyaksonr 10et al

oxi des as pronoters. Suitable, al _ oxi ronpters may be selected from
Groups | 1A, IFPB%O PO, 9§p§ﬁdg@ﬁ§ SFOthngPi EETabIe of El ements, or

the actinides angl aetsﬂ@ceec;le%helaaﬁawis@ux_hap,a@gbdégmﬁhsgamsswm
calcium strontium barium scandium yttrium 15 | anthanum cerium
titant@m zirBeARURETRAENPENTeERSr PEATCSURANPERTOVARAI B tehteniakrand

TRrOSneSe ST GRUPbEhE BEOTRLELL SEREl SULELyoes! stgpdeebel o) ce
IVB, VB and VIB of the Periodic Table of 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 particulariy 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



use in the present invention are nmanganese and zirconium 20 oxi de. Suitable
netal pronoters may be selected from Goups VIIB or VIII of the Periodic
Tabl e. Rhwoioaiisasd G oup VIII noble netals are parti cul apicy/Epoz/osabé e, with
pl ati num and pal | adi um bei ng especi al | y-preferred. The anmount of pronoter
present in the catalyst is suitably in 25 the range of fromO0.01 to 100

pbw, preferabhy@iel t@440er q%r%y@ﬁ%%@ﬂ?b%ﬁb%eEQe%OtBbWleQBagggnpbW%gf
carrier. The nost preferred pronoters are sélected from vanadi um

manganese, rhedifemt pﬁr¢®ﬁ|aaﬂ@n@aphanlhmaatmhetcasakptmembe acyisvelmet al

and the pronoter, i present osited.on the c er teria
by any suitawﬁéefregfn%ﬁfomgﬁgﬁ §§§¥%ﬁ§5gﬁ§F SROS%ﬁéaalﬁéo H8£ e?ggusion.
After deposititencehvekre oRigahiandndi ino2pRhepr cakpouhle PHORREEE On the

carrier material, the WO 03/018481 PCT/EP02/08920 - 11 |oaded carrier is

typicaPly subFééP@GtﬂBGCQVé@ﬁétl6ﬁteTh€al§ﬁFééﬂOBﬁ the eaPelRapBon
treatment is LachoqRvenarysLabortaheea b9 B8AOARRIALVOhat Lheadogomposption

products and to convert “organic and inofganic conp s tot

respective oxhgdsogaht er eah@dmageonconhelnesglghng typtiabysy sty be
activated by ontact t he .ca ys r.a

hydr ogen- cont WPﬁ6a552e5t95|8§PPy gpﬁ‘%8n8§§ @tgﬁra858fe§585 6°350 .
Q her prOCeSS@ﬁefp&epbB@t@b@paEth@BhéE Ek&pb@h Eé@@iybtgabah giseconprise
10 kneading/mulling, often followed by extrusion, dryi-ng/ calcination and

activi?ion, oKNRAGARDABLALLNENGOLSENoRedLoBgdt R prepupaPPondsyiagdi urry,
or { ormod 18 GRASH abmyent anal SYA ALl S EoRar Ty ene RbRa e n s oA TBke "
Typi cal |y, theyc&hal prepacenienspdnanmayubeyef bpcagddayiag and '
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
forvthe catalytic conversion process are in the range of
20 from 1 to 200 bar absolute, 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 preferred to use an Hy/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



tenperature 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
range of WO oBoos¥sLl to 200 bar absol ute, nore preferably fromEp02/08920 70 bar
absolute. In the catalytic conversion process especially nore than 75 w %
of C5+, preferably nore than 85 w % C5+ hydrocarbons are fornmed. Dependi ng

on the catal nd;t.he.c spog,eondi-Lirgn he,a of h wax
(C20+) may begﬁgmgé éé af?ggégﬁepf%esfug %08 ?813¢/§ gggggone?sﬁésﬁg¥én up
till 85 wt% PBrefferablly at debakt Oc8#al ysvensmosedprafkonbHp/ 80 tabsd is

used (especially_ 1.7, ar even we anpd a,_l ow t erature is used
(150-230°0) - Jo2kdoi Branbrebed tBFmEtFoRer TEpEssE BYOFbrrERcis HEcoan
H2/ CO rati o otopbrheast a@. 3eakt BS we%pegbal,lpsrefsismzdmwe@rrﬁ{oget the
Fi scher-Tropsch reaction under such conditions that the SF-al pha val ue,

for the obtai pedfpradugt SOhavkng at | east 20 carbon WD 03/018481
PCT/ EPO2/ 08920 - 12 atOTB, is_at Eeast 0. 925, greierabl¥ at | east 0,935,
more preferably BFef&5ePlH: 9dsF1E8GRATOF BPRFRf EREBIYSht 1FeR88d ovibksh

Preferably th?i%h%@“@bb!&@ﬁ%@ﬂlthéQEQE@@BSo§tﬁgﬁHEfQQHPfﬁéﬁé beleast 35
wt % C30+, preferably 40 w% nore 5 preferably 50 wt% Preferably, a

Fi scher - Tr opséhrekisl pebstangsadlywanbhanghefideasabsiant i Almgahntiti es of
ffins, : - f L al nched fi st
parartins nDrSl?EE%F ?%?ghés§u?8EaQB&§ Mﬁgﬁgéaﬁg g.cBﬁéfﬁaEgﬁtafhﬂRS

sui tabl e cataFys urpose I's a to cont ai nirng

Fi schey - TropsetiscatalyebpsShuchacalabyst Suahecdestysbedatra deéberkibéer ahure,
see e.g. AU 698392 and WO 99/ 34917. The Figgggé-Tropsch 8rocess may be a
slurry FT prbB8ssibrrathrRedSBedeFS- pfBcBde398spRei UPI Y2 434RLl ti t ubul ar

fixed bed, preferapbyrastheeerpbgséh process may be a slurry FT
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, dryingAat 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.



15 fluidi sed bed process. The invention is further illustrated by the
follow ng exanples, which, however, should not be used to restrict the
scope of wbesjomsgnti on in any way. Exanple 1 20 Comer ci alPCy/ERozid92abl e
titania is-washed for 1 hour at 90 Cwth3a1 M solution of anmoni um
acetate in .water. Weight ratio aqueous solution/titania: 4. After
separation, drying at 120 C and calcination at 600 C the anount of sul phur
was neasured.__The sanme process was_ 25 repeated several tinmes using several
washi ng treainents The resul ts af 8usphwar fsetenn Tebtk 1.| WO 03/018481
PCT/ EPO2/ 08928 |JIIL.| cohtenr Vv ia: 0.240 1
washi ng trea1§€ﬁtw85558 3 Y&&4Ri ng treatnentg'aag40 3 washj ng treatnents
0.030 10 washi pashieadt /eBESM@n®30| Tn three gogpari son experiments in which
the titania s washed with water| sulphuric acid and hydrlochloric acid
only a m ni mpk dééhéagetéﬁaﬁmén§§lphur conteﬁtoﬁﬁs observed. 5 Exanple 2

Experinent 1 peate npetature—of —atr—jaut ocl ave. The
results are :?ﬁ#ﬁ?ﬁse ?aBF E%_ Sul phur con?ent (W% Non washed
titania: 0.24600 &agaahgngrbaeabﬁegt 0. 035 2powasbi ng treatqbnts 0. 030
Exanple 3 Experinment 1 _was repeate ncing a rnnnnrrially

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

Experiment 1 was repeated using a commercially
10 available titania from another manufacturer. The results

are summarised in Table 3.

Sulphur content (wt%)

Non washed titania: 0.750

3 washing treatments 0.060




10 avail able titania from another manufacturer. The results are summarised
in Table 3. Sul phur content (W% Non washed titania: 0.750 3 washi ng
treat mrentwo®30638\W0O 03/ 018481 PCT/ EP02/ 08920 - 14 Exanplp€TAPEX@RIRG ment 1
was repeated using a cormmercially availaphe-titania from another

manuf acturer. The results are sunmarised in Table 4. Sul phur content (W%
Non washed tigﬁghgﬁ 0.,160 3 washing treatnments 0.050 5 Exanple 5 The non
washed materi ribed in Exanple 1, the material washed three tines
as descri bed i n BExxpelramkntandwaat eepabtwashednghaeeomingesiviiilh amoni um

chloride in the sane way as .described in Exanple 1 were provided with 10
simlar amounfyadfaddfaltt téritde tprendred sy WgE§§ﬁ€§BFerAfFQF B8EP¥AEI on
w t h hydrogen; Ahe htld QW0 ihesullis swere obtained in the Fischer-Tropsch
hydr ocarbon synthesis: Tenperature STY Cs5+sel O sel Unwashed material 219
22 43 27 \Washed (3*, NH4 acetate) 223 156 88 6 Washed (3*, NH4 chlori de)
209 79 84 7 Mashed—{1—NHCLH—7p E%‘ 222157876 wgg? above results
indicate that the activity (expresse3p§§ as gpace ime’Yield) and the
selectivity (Goh selseeld wittaniand| net hane npke)o consi derlabl y i ncrease by
the washing |[treatnents D 03/018481 PCT/EPQ2/08920
3 washing treatments 0.050

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.
After activation with hydrogen, the following results

were obtained in the Fischer-Tropsch hydrocarbon

synthesis:

Temperature | STY |Cg+sel |Cqysel
Unwashed material 219 22 43 27
Washed (3*, NHyg acetate) 223 156 88 o
Washed (3*, NHyg chloride) 209 79 . 84 7
Washed (1*, NHy4Cl, pH=9) 222 157 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.



- 15 CLAI MS 1 Process for the purification of titania by treating
the titania with an aqueous sol ution conprising one or nbre anmoni um
conpoundswato3elissat ed tenperatures, separating the titanipaTiRPOZISDE
aqueous solution and 5 drying the titani a.g2. Process according to the
present invention in which the titania has been prepared by nmeans of the
sul phate process. 3. Process according to claiml1l or 2, in which the 10

titania starting material is a calcigeg %iﬁﬁgig. 4. Process according to
any of the preceding clains in whic ted tenperature is a
tenperature between 40 and 150 C, preferably between 60 and 110 C, nore

preferably between 80 and 95 C. 15 5. Process according to any of the
precedi ng cl alrs PrROoc@ABchorheherearhbhtatiep ¢5 thraned boyttbezwers 0.01

and 12 hour sy ngr £{pLABLY, DehweRn Budo0dsd hoUES. HRLE: S PRElLa0LY. bet ween

0.4 and 1.5 hou I OCESS acco e precedi ng cPainms in
20 which the mnnanammbnmnmoundpoenderaVedlévmnma tempé kyt ur@soni um
conmpound, a di al anmo m conmpoun amoni um conpound or an
bt ut ed RABRF AP CORBORRASRL Br £F 8F abhg SFUERSTESE | L oa hfon: urm
compound. 7. BroegR§StAECOidhAgato any of the preceding clainms in 25 which
the amoni um conpound is further derived froman organic acid or an

i norgani c aci d; pFePesadl ycaprdinante Bee ddiesert et entiom iheviyioup

o S Sgnel PR 20 Lo ko dsd o 10, AELRE B R MULAIEELY, 1 1o
- 16 process.

3. Process according to claim 1 or 2, in which the

10 titania starting material is a calcined titania.
4. 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.

15 5. 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.
6. Process according to any of the preceding claims in

20 which the ammonium 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.
7. Process according to any of the preceding claims in

25 which the ammonium compound is further derived from an
organic acid or an inorganic acid, preferably
an organic acid is selected from the group consisting of
alkanoic acids having 1 to 12 carbon atoms, preferably 1

to 6 carbon atoms, more preferably 2 carbon atoms,



di carboxylic acids having 1 to 12 carbon atons, preferably 1 to 6 carbon
atons, said al kanoic and dicarboxylic acids optionally being substituted
by one orwomsnes4al koxy groups having | ess than 5 carbon atemEPZsyar oxy
groups and cyano groups or hydrogen fluorigle, hydrogen chloride, hydrogen
brom de, phosphoric acid, phosphorous acid, nitric acid, nitrous acid, and
(per)chloric acid, nore preferably the amoni um conpound is amoni um

acetate or ampniumehhorl de. (10,8, Rrogess ascardipg Looany of the

precedi ng cl arns iR e concentration of amoni Um conmpound is in
the range of birefe@aBlytad bo06M-apbehenabhy, betndealRadoiandn@ M or in
whi ch the nolar ratio of amopni um conpound _and titania is between 0.01 and

1, preferably éﬁéﬁpoéyé1C1§¢9dsC8P5P9§?16V ESFBEy§Pb5FéEHF§8rbﬁoﬁﬁﬁlQan as

carrier tita béea§1m6§965%9ua§C959hHa 185s8 9595955c§§b9538EbH§d in any
one or nore of the claims™1 to . 10. Process for the preparation of

hydro¢arbons,hydmwpwlgwngpﬁonnacpvhgoagregn$e¢S|bmdcggﬂntfénsrsgﬁthe5|s 20
oo 2, SUh LR A B TR 2Ry R Bbe chE AN BBt e,
12. phosphorous acid, nitric acid, nitrous acid, and
(per)chloric acid, more preferably the ammonium compound
is ammonium acetate or ammonium chloride.
10 8. 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, preférably about 0.5.
15 9. 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 12.
10. Process for the preparation of hydrocarbons,
comprising contacting at conversion conditions synthesis
20 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 12.



