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CATALYST AND HYDROTREATI NG PROCESS Fi el d of the
I nvention The present invention relates to a catal yst

warp@7aopssdcess for hydrotreati ng hydrocarbon fPErEPINF052212

Background of the Invention The conti nuous operation
of fixed bed reactors in the hydrotreatnent of

hydr ocarbon fractions is limted by the |lifetine of
the catalyst within the fixed bed and the pressure
drop across the fixed bed. Both these factors are
affected by netallic contam nants within the

hydr ocar bon fr&&fPER°T Ale HPESITEEAT MEE AT 1< ESS

cont anmi nants such as iron, vanadi um arsenic and
ni ckel conpounds are well known as catal yst poisons,
dr astiicddl Py FRdlubt 3 %Re useful lifetime of

hydr ot r eahd ng-catal Yst,ene Syspendad snetakl Egc el ial a
may al so be deposited within the catal yst bed

bl 0dKIORG Seaf aF yATOGRrEs taRd Yol B e dnacat &l st

par tHches -aRd sestdd ctihRgctbg flow of oil and gas,
| eading to pressure drop. Processes for renoving solid

as wel | &Be dF@HGINAOHSNEPar #F O Gift dRFEAENPSIfFALOTS in

hyd&@ﬁ@%@@?oﬁf@&&&gﬂsc&aﬁgdpgé%ﬂﬁﬁ§%&%Q%QOh§ the afiteea vy
For exanple, in EP-A-O 399, 592 a hydrotreating
pr odéss lisclige| osddf oRLERESE epvaIn ¢hesblked derf and the

di ssploved pehal) i L,cont RRLNAN S URING 38 nt PR CaT A HSE-5

porous inorgani'c oxide particles having a surface area
of atrempsternd goanttalporecont ameaftsatvikbastti®d | m /g

N pRLES AAKLAG: & et er ,of T]‘Féaée%ﬁsMejcglﬂgeramE%%nts

i norgani c oxide may additionally contaln oxides or
sul phictlegsof romt ataacfivgy oaps&Aic Nl andket compounds are

well known as catalyst poisons, drastically reducing the
useful lifetime of hydrotreating catalysts. Suspended
metallic material may also be deposited within the
catalyst bed, blocking catalyst pores and voids between
catalyst particles and restricting the flow of ¢0il and
gas, leading to pressure drop.

Processes for removing solid as well as dissolved
metallic contaminants from hydrocarbon fractions have
been described in the art. For example, in EP-A-0,399,592
a hydrotreating process is disclosed for the removal of
solid and dissolved metallic contaminants using as the
catalyst porous inorganic oxide particles having a
surface area of at most lm?/g and a pore volume of at
least 0.1ml/g in pores having a diameter of at least 10
microns. The inorganic oxide may additionally contain
oxides or sulphides of metals of group VA, VIA and/or
VIII. JP-A-05/184941 describes a hydrotreating process
for removing solids and dissolved contaminants, wherein a

catalyst is used having a surface area above 5m?/g, a
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VII1. JP-A-05/184941 descri bes a hydrotreating process
for renoving solids and dissol ved contam nants,

wob@raomnssa catal yst is used having a surface aPEBRERDOVES2212

5n2/ g, apore volunme of O lchivg in mcropores having a
di aneter of at |east 0.004 mcron (40A) and a void

ratio of 30 to 70% The catal yst nay al so additionally
contai n oxi des or sul phides of netals of group V, VI

and/reVibh umd "o IS Acnd/ §4in 3¢t rappresessviQy 4 enewkngr
metallic contam nants from a hydrocarbon feedstock is
di s@foséd et vhi T proeess (A0ehtadld st Vrddusat wfifc k0 to

is free eheanyciygogeRati By seaponent 1gndowbhth fasied or
surface area of from1 to 20 n2/g and pores having an

aver%@hélplﬁﬁe?%rm?ﬁajfsr G 6X2UR oV/1 ‘Hh @@&ﬁom‘f@b@- tig? US—A-
101QQ@AWV3EP'£V§%oégB% 899 dhs¢l Rpesra16atabystaminants

conpri sing both macroporosity and microporosity for

t he frré’ﬁoﬁapy%ﬁo%ﬁkwrbéleieéséﬁ@k dJr%_sdolIs\Fé_éPSﬁ‘@t alpigrich
contanipant g fLomaschydr acanbems ai lis Hirghebr sy ace

area catal ysts and support materials are disclosed

i nt é“rydélogﬁnﬁﬁlw-%}mp@“,enﬂos{ld1W%h@a@SﬁASUB,f%“5%_,aF% of
NL- A 8m 408, é@?ﬁﬂkﬁ%ﬂgﬁ %r@shhgﬁuﬁy%&a%@egégg-&ﬂiheter of
excess of 100m 2/g) catalyst, which has feeder

macrigpsy €slcopnkctidrynt d e8P al §2 i kald0pract Fier-0, 714,699

m cropongscfor metalsand,spl phiyr &&%%@kgé@@f@s@ty and

asphal t - contal ni ng hydrocar bons. -
di seliegepohpght s urdraddcarenoy2000t A00rPr2Lg) ard (hisselved

mat efd.ah Wt By 2 SHostant kak, NRCLAPIOSHLY o1 Al SO
descritbéél I'n (t)ﬁte art are rrein%d}g of C%rlgguc%g por ous
hydr ogen8i ¢loer catrdlagst sraavéagplay tisneddl spepert materials

o S odiEoTep MR ChSTRer OIS e FOITaRl st

carﬁb@@émﬂé?niN@rA—S,403,107 discloses a high surface area
(in excess of 100m?/g) catalyst, which has feeder
macropores connecting to catalytically active micropores
for metals and sulphur removal from asphalt-containing
hydrocarbons. US-A-3,853,789 discloses high surface area
(200 to 400m?/g) alumina material with a substantial
macroporosity.

Also described in the art are methods of producing
porous hydrogenation catalysts having a bimodal pore
distribution, wherein the macropores or channels are
provided by the incorporation of removable carbon-
containing substances into the alumina support and their
subsequent removal by heating or another method. For
example, GB-A-867,247 describes a method for the
production of a catalyst, comprising pores with diameters
in the range of from 4000 to 15000nm, by mixing 1 to 2wt%
of cellulose fibres with alumina/silica before forming

particles from the mixture and calcining the particles to
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substances into the alum na support and their
subsequent renoval by heating or another nethod. For

wex@nmpbsss CB- A- 867, 247 descri bes a nethod for PEEEP2007/052212

production of a catal yst, cbnprising pores with

di anmeters in the range of from 4000 to 15000nm by
mxing 1 to 2wt % of cellulose fibres with

alum na/silica before form ng particles fromthe

m XtAdnevandnsat cha NGinkheopar i i €d1es fser enpyert hess-a-
fibres and forma catal yst support. GB-A- 943,553 is
di r édted>Pota ProCESs f6r ah%‘?%%%%aftqfvélyﬁéf)%%@l‘ﬁy

cont@(ftllnagghwﬁr@&&rmqntgr achlonsr W Braceabakysicn a
produced b e incorporation of nmetals fromgroup VIA

and OAPILYSF PREIHET Gt ENPableCBtic Swehca Saippbt throm

DE- Ardoup803a 43 \}’ﬁndloffe%@d éﬁlddﬁm Quibng bheoldf@t idre
of a hydrotreating catal producing it in such a

manrf@PPeRat Phet tlat® Sy St/ pé?t%ﬂ%%t%r‘?ﬁr LEBr aving gée

nunﬁeﬂfe%méa&@loamﬁ/yd}fdt%%%%ﬁh@ﬁ!ﬁy%t Wt hrdhametens in
in the range of from0.1 to , essentially
uni YoM ¢ dP8ReT butddd tihe thRE2pet |R?lrél§ﬁésp?@%>@ts® dn

the rangenofntf om Qca%om Qo b Q&G Ofh e 150t @ cipor e

vol une "of the catal yst part| cles. These channels are
f or fE@Mey e AcHh porattiangef Pbr 85°m rit-d &omillPure ofsentially

cat %M%%rﬁ??pgﬂwl%&%fdoﬁﬁ E}%(‘"}@ N4 sRart 'a%heﬁré'@?dltrfberln
destroying th bres. The production of

hy drtdter ganpagotaiziny - Oni £h @- b@cmfrdaapfpmee total pore
di styj.uti gp CEIPLISI NG 1 %%QICI&S RYE VAL UARA N are

macropores I n the range o rom 200 to 1500nmis
desddrbed by US-¢xpprag48g 89Bres Sudty @ poreure of catalyst

.5 RN RR | 1L Ky, Lhe ] ey uoket 0D lgeroyins

f or g fshaped Par tircldestand ehen foaloitnenyl theratial van

OXyQﬁQ%QQtBED$£§%l pore distribution comprising 10% of the
pore volume in macropores in the range of from 200 to
1500nm is described in US-A-4,448,896. Such a pore
distribution is achieved by the incorporation of carbon
black into the alumina of the catalyst before forming
shaped particles and then calcining them in an oxygen-—
containing stream to burn off the carbon black.

Regardless of the advances described in the prior

art, there still remains the need for improved catalysts
for the demetallisation of hydrocarbon fractions. It is
the aim of this invention to provide a catalyst with an
increased uptake capacity for metallic contaminants thus
allowing longer operation times and lower pressure drops
when used in a process for hydrotreating hydrocarbon

fractions comprising such contaminants.
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streamto burn off the carbon bl ack. Regardl ess of the
advances described in the prior art, there still

wo eovailosss he need for inproved catal ysts for tPeI/EP2007/052212

denetal | i sati on of hydrocardon fractions . It is the
aimof this invention to provide a catalyst with an

i ncreased upt ake capacity for netallic contam nants
thus allowi ng | onger operation tinmes and | ower

pr essuh@rgr epstvhem-wusedonn a process for

hydrotreati ng hydrocarbon fractions conprising such
cont ani n&ht sPL KifffaryVERt fie RiRieRiSoA Thecpieset the

I NVeIHIQRaPE BN §eSs & RLAGESS §Rfci e ReepakahbPNOf tde
catal yst, which process conprises the steps of : i )

m xiSHGP&n°4&F um na precursor wth conbustible

car boncopt ai i ngh fA1Rkes Wbt bod L amBtar cbipt hei y1and@rbon-
of fromO0.5 to 50mm and a | ength of no greater than

| COSMPHALAR BRI Witlt Redt AR oY Cof 20N¥0 A0V
based s0R ot Bepholad AnendiXt Y €no iddeAAH RYaRI 160 EurRGId an
and water to forman extrudable mass; iii) extruding

t he HoROGr et BRY oranShapedr par 1 e L0Wty) Pap e riep tthe
shaped -papti,chessuie;) heating the particles in an

at nosphere conprising no nore than 5 vol % oxygen at a

t enpdrat afdelnh nife icapged oftnd rorhe3s50G ot H0BDR DRt raggble
vi) then heating the particles in a gas mxture
conprising at |east 12 vol % oxygen at a tenperature in
t he iddngexfudiremt450NE st 809 OC LorThehppedaprrticles;

I nvent)i og - furd hele REQYEGeSa A fatA st

V) heating the particles in an atmosphere comprising no

more than 5 vol% oxygen at a temperature in the range of
from 350 to 600°C; and

vi) then heating the particles in a gas mixture
comprising at least 12 vol% oxygen at a temperature in
the range of from 450 to 600°C.

The present invention further provides a catalyst
comprising alumina and at least one metal selected from
the group consisting of Group 6 metals and Group 8,9 or
10 metals, wherein the catalyst has:

i) a total pore volume of at least 0.40 cm’/g;

ii) a pore volume of at least 0.15 cm?/g in pores having
a diameter in the range of from 3 to 10nm;

iii) a pore volume of at least 0.25 cm?/g in pores having
a diameter in the range of from 100 to 5000nm; and

iv) a surface area in the range of from 50 to 350 m?/g,
wherein pore volume is measured by mercury intrusion
porosimetry according to DIN 6613 and surface area is

measured according to the B.E.T. method.



10

15

20

25

30

conprising alum na and at | east one netal selected
fromthe group consisting of Goup 6 netals and G oup

w@237001880 netal s, wherein the catal yst has: iPQT/aP2007/052212

total pore volune of at |east 0.40 cnB/g; ii) a pore
volunme of at least 0.15 cnB/g in pores having a
dianmeter in the range of from3 to IOnm iii) a pore
vol une of at least 0.25 cnB/g in pores having a

di anet er Al fo thesviarge vof the omdLOtt and000NME aNd: ip¢hcass
surface area in the range of from50 to 350 nR/g

v\,herfé1r th6r @e@%ﬁﬂnlel%astlﬁ@a%r]%iﬁdwar@"éluﬁﬁa?ﬁ%?%ﬂ gfpich

POr gsiREEY c86601 SH NG @ 2B N §6d Jhiand suhbacer afedd Srith
measur ed accordl(%g tothe B.E .T . nethod. Al so

pr ovilded2by¥ A edeénPrrEAGRRL I OFFT S 0F BFOBE’RAFHt t he
denelall-bsayi 08 ©fc hydracar honcifd aGldens, iwhkehion.

process conprises contacting a hydrocarbon fraction
thWﬁLgéanentl on or prepared

accordi ngnt ot e Y qQeessrof 1§ heyesent phpvention.
Brief Description of the Drawi ng The drawing (Figure 1

) sKowSrERBt por eoSicAeadivstr Fbution of catal yst C .

Det %ét%%@@sﬁéé&!i'&lo%f %hghén%‘\%r{t‘l%n” has now been
fo an al um na

pr ecur SOFT apels cfm’m@ﬂ?iﬂblf@w@@rWR@nPépﬁﬁﬁ@ ¢orEs, ing

Wit Rysa;dbankt 81 uhihd Be Large: ofnd remds® i hoe S0mmand a
| ength of no greater 'than OO0 nmin an anmount in the

r angendBifiom 20oter 401 %R baseE o tihe thet aknagl yof from
M Xtilse, Wsph, ni{§ 1L l%%'gghaﬁg ML Sl o XL EHQ%”?%%({}E(\ in an

resultant m Xt ur e, rylng the extrudates an
subraroringgin hehextandads ££om a2 v stleptéabesedtdrorthe

total dry mixture, with nitric acid and water, extruding
the resultant mixture, drying the extrudates and then
submitting the extrudates to a two-step calcination
process comprising first heating the particles in an
atmosphere comprising no more than 5 vol% oxygen at a
temperature in the range of from 350 to 600°C and then
heating the particles in a gas mixture comprising at
least 12 vol% oxygen at a temperature in the range of
from 450 to 600°C, provides a highly efficient
demetallising catalyst with an increased uptake capacity
for metals that act as catalyst poisons to hydrotreating
catalysts. The use of such catalysts leads to a
significant extension in the lifetime of subsequent
hydrotreating catalyst beds.

As used herein, an alumina precursor refers to a
compound that after undergoing the process of the present
invention forms alumina (aluminium oxide). Suitable
alumina precursors include aluminum oxide hydroxides

(A1OCH) such as pseudoboehmite and boehmite, aluminum
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process conprising first heating the particles in an
at nosphere conprising no nore than 5 vol % oxygen at a

wo eowpaomszire in the range of from 350 to 600 OBCEREP2007/052212

then heating the particles 4n a gas m xture conpri sing
at least 12 vol % oxygen at a tenperature in the range
of from450 to 600 OC, provides a highly efficient
denetal i sing catalyst with an i ncreased uptake

capagidrp=h aes Met al@nthatuacta Ay Lat-ak ¥sbr pOjEONAYil0ite,
hydrotreating catal ysts. The use of such catal ysts
| eadS "G 81 8T g f | NP LeRE BAsTOh Tt hES| Pf et P of

subsegientnhydrotdating, cahal ¥sinhed$rechrsorsed
herein, an alum na precursor refers to a conpound that

af t SSCURAEPEBThE® t N Pr BEBSCBP I HE rés8Atd| AV et on

for s valiual pac &t dHp Niiumi axpaefer Uit @bl8eat UM NA Fine
precursors 1 nclude al um num oxi de hydroxi des (Al
suclPoxsieps e b bOEH 1t VaRd Boednit@e size 1n the range of

al urd. Ry gds oxh des,; (Al (OH) 3) such as bayerite or
hydrargillite, gamma-alum na, eta-alum na and m xtures

of theseleonprherrreinpr eher ey, ftihecal aft oS predidtsor

I's preydebgebm e on Wignpseudoboshmiteni,giHsed as iiher
alum na precursor, it is preferably present as a fine
powdeEngthof cexEdipt €©fwiath laapartitl e size in the range

Of_f"onlthsc§§b5%4@$htafh§n Sf%kﬂ@%r%kgd Egetﬁéﬂﬂyesent
"fibre' refers toits normal definition, that i's a

par tirgleathavi age aadiss i6f el ehgt h thevwdehcapalate |afast

3:1dgﬁh%i8§rQPnbﬁﬁﬂﬁﬁLnFngg£Qﬁﬁi Q%&%OEUCBH§ :ﬁ&f%ﬁbres

i nvention are conbustible, I.e. hey are capd% e o

i gnitthadgn lepveubreiiingl nereber ablty, licdrlsonreontae miger the

fib&ﬁ%cess of the invention are used. Suitable carbon-
containing fibres include natural fibres such as cotton
cellulose, jute and sisal and man-made fibres such as
viscose, nylon, polyethylene, polyamide, polyesters,
polyacrylnitrile, polypropylene, polyvinyl alcohol,
aramide and carbon fibres. Preferably, the fibres
comprise cotton cellulose, jute or sisal. A particularly
suitable carbon-containing fibre is cotton cellulose.
Fibres used in the process of the invention have a
diameter in the range of from 0.5 to 50um, preferably in
the range of from 1 to 10um. The length of the fibres is
suitably no greater than 1000um. Preferably, the length
of the fibres is at most 900um, more preferably at most
500um. Suitably the fibres are at least 30um, preferably
at least 50um, more preferably at least 100um in length.

The amount of fibres used in the process of the

present invention is at least 20 wt% based on the total
dry, uncalcined mixture. Preferably an amount of at least

22 wt% is used; however larger amounts, for example an



10

15

20

25

30

that | eave behind no, or very little, residue after
the process of the invention are used. Suitable

wae arobamsent ai ni ng fi bres include natural fibreBCHERIVOABS2212

cotton cellul ose, jute and &isal and man-made fibres
such as viscose, nylon, polyethylene, polyam de,

pol yesters, polyacrylnitrile, polypropylene, polyvinyl
al cohol, aram de and carbon fibres. Preferably, the

fibregsuweenpri s caidonscakhutoses1 Jdtte 0ke8i 88k .pPvide
particul arly suitable carbon-containing fibre is
cot tBi el FEFRSEStFi ihés alisedt i it therirocésd bt tife

| NVeidceR shayerge dianRiher 1hfetheod ange tofokf om Ot 0
50mm, preferably in the range of from1l to |Om . The
| engtiet6F2PhE 4§ BreE 29 ¥hict abtSPhe gréat &Pt ehairy

| OOQWR.1 Prefienably.e the length of the fibres is at
nmost 900 mm, nore preferably at nost 500 nm .

Sui t abl yAERRE fibriay sPe atUnbastPrsommsOr piet el y at

| eastonp@E p1 808 &-Rrefenall yi a4 4 8asds,| @M iskia ang
| ength. The anpbunt of fibres used in the process of

t he "FrEseRt el M i GVESTagePealt: 20- W% Pased braddre in
total vy uneab cined 7ixt ubes € efehablby 80 AmURDL ot .o,

at least 22 wt% is used;, however |arger anounts,

exanpl éhanapdumtobftram Pedst t250 wi ¢anharsovbehisedo be
and ,provide ysgf ulncatal ystss Jhe ampuntof shibresange
used in the process of the present invention is at

DS TR I RE YO P eE_fGéTtaLlfﬁla_}Vlel ﬁﬁsth%oawwaba%@lumm rend
tOtQ&@Qr%oUHCﬁéﬁﬁi Jgnxﬁgrﬁe eégéiy o ékggi&gegood

al um na precursor and the conbustibl e

car bmsheontal nétrgeflildveso nheré¢@uaciidiand water are

added. Advani ageouslyn (A1 LT ndfild o8, 30d80: 4 e f1RkRr

ratio of nitric acid to a um na, as H to Al 208,
mixture into an extrudable mass. It is envisaged that a
wide range of amounts of water would prove suitable and
that a person skilled in the art could easily determine
an amount within the scope of the present invention. The
optimal amount of water will vary dependent on the
amounts of the individual components. Particularly
suitable amounts, however, are amounts that lead to a
moisture content in the extrudable mass of in the range
of from 20 to 70%, preferably in the range of from 30 to
65% as measured by a moisture analyser, such as the
Mettler Toledo Moisture Analyser HB43.

The mixture may then be extruded by any suitable
method known in the art. Preferably, extrusion is carried
out using a screw extrusion press. Suitable shapes for
the shaped particles include those with circular cross-—
sections. Preferably, the shaped particles have a non-
circular cross-—-section. Suitable shapes with non-circular

cross—sections include, but are not limited to, tri-
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in the range of fromO0.05 to 0.15. Wthout w shing to
be restricted by theory, it is believed that such a

WO 20ga0Besur es good pepti sation of the al um naPCT/EP2007/052212

precursor and that good peptisation is necessary to
provi de good nechani cal stability to the conposition.
Water is added in an anount suitable to formthe

m xture into an extrudable mass. It is envisaged that

a Wil changgi Hh1 afmibites, Offo%éﬁlpm'ﬂl@dpéﬁ&et§thﬁ@mk%d
and that a person skilled in the art coul d, easi

det €Ffie AnSahbifnte WERPNSERRIS dSp&hererher p?]é%eéﬁtto

| NVentdien sc Thee optd itRlo ragBYRt t Of cavatelr rWek! a¥éd Yeo volume
dependent on the anounts of the individual conponents.

Par tA"€ult&r PYT 3R tHbI® taflint 319 newever 21aPB agodit $o0d

t hatydr@@d ct On o Mt Wi 6th€ﬁﬁo%§htdw% %é&éyg§@|6édng¥%n
of in the range of from20 to 709 preferablé in the
t

fange teF FPBmMISOT s IB5YPASIRBRSHICF Y ASHBI SLRF ¢ ron a

analyser casHePs@s e iMettl er Tol edo Moisture Anal yser
HB4 3 he m xture may then be extruded by any suitable

met hod kRBMNShaPach@aart C1pe ef wriadily, exer asiorngter in the

car ried Ok HSIND & SCF @VMAXT L LSO, geé% cui table of
shapes for the shaped partlcles i nclude those wt

ci r duloar lckesdswtt i"Bes repPeef erablg parhécdhapedth non-

par td;cl.gs spave, & nangistedl ar, £ross: $8CHLPRr AU AP rhe
shapes Wi th non-circul ar cross-sections include, but

ar e Jieteleni eedto, smadilkebedlr epi ralthgnogléedh the particle
vorkﬁ%sgrggbtg qﬂgﬂk@% ra-1obed forns. A suitable

shape shoul d osen in order to maximse the ratio
of geonefh¢calamyr fracsiatea 32 voliawlandried gt & n an

opt i.n@l,e %9&9%01# Al 5%}3%”8 tPFor%%gﬁtBeﬁE@a&I Of 0fe xampie
gas and of | roug at al yst bed even
at a temperature in the range of from 60 to 110°C.
Preferably, the drying is carried out in air.

The dried particles are calcined in a two-step
process. Firstly, the particles are heated in an
atmosphere comprising at most 5 vol% oxygen, preferably
in an inert atmosphere. Advantageously, such an
atmosphere comprises nitrogen. Suitably this heating step
is carried out at a temperature in the range of from 350
to 600°C, preferably at a temperature in the range of
from 350 to 450°C; though the heating step may be carried
out at a temperature of from 450 to 600°C. By heating the
dried particles in an inert atmosphere, the carbon-
containing fibres are thermally decomposed in a coking
process, releasing decomposition products comprising
carbon dioxide, carbon monoxide, water, gaseous and
liguid pyrolysis products and nitrogen oxides. In an
atmosphere comprising at most 5 vol% oxygen, thermal

decomposition of the fibres by means of a coking process
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after the deposition of dust and coke resulting froma
| ong catalyst lifetinme. The shaped particles suitably

whanwe/1ea88s aneter in the range of fromO0.5 to 1BOTYEP2007/052212

preferably in the range of $rom1 to 7 mm Wen
referring to particles with noncircul ar
cross-sections, the termdianeter refers to the
di aneter of the snmallest circle within which the

par tijialie set 08 Sp SR twQUhdshatr phecshapedopaiid WLe%on,
are suitably dried at a tenperature in the range of
f r orhB§efo1 220N DCEORIGr PERERPT e At &St ERPEF ab it &G of the

the gzange1ef i1 oM&QLd0wli 86 . oRFRfepabkync the the
drying is carried out in air. The dried particles are

cal GIEEPPATE F9-RS Sy rpeecess: W@W%ﬂﬁr , TPRedPartS cl es

are;ﬁ@%ﬁ%@ebntﬁ@1éﬁdﬂ%&%ﬁe%$1§Oﬂ@flfMﬂEédannPﬁé ébﬁ%ﬂ§%bf
oxygen, preferably in

an inert atnos
Advéﬁfﬁ@éé@@Py?o%ﬁﬁﬂﬁl 5?ﬁ6§®héﬂ€56§ﬁﬁmpgéét¥ﬁq rFgemCt

Sui takl yrthEsah tﬂéM%v%be@n'§h§&hﬁh§gl%%kta§a§-stream and
tenperature in the range of from350 to 600 0C

pr efeeabryeat ta tamjertatupe F%e@ﬁ@—ﬂéﬁ@@eéﬁti@%n135o

to 450 0G,e thaugh the beatdng, stel r1rﬁyab 2§ af{:ied cout
at a tenperature of from450 to 600 0 y heating

t he @ipadspagt del s stn 13nVPher<t>X§éI9(fb§f§hér gempgature in

car bepcontgknh Ag: f4Pre% areqhher ”‘%Me&e@%@?@é%é Natge
coki ng process, rel easing deconposition products

conmfi dirag éab bon HilFKi-déhecarbonrmexildePr abterly air.
ga.sgfg}sé% angd.. L Lo d,.pyr Lysts products and Bé%&geﬂcom the

oxi I'n"an at nosphere conprising at nost 5 vol
oxygemwtichesrmal deconposition of the fibres by neans

of a cokhpg; ﬁﬁl@ﬁs‘éﬁf%rsééiéiﬂﬁ%‘rﬁ 0aLe. + £y 8Bldn may pe

per cent age of t car bon,
carried out to produce particles of the desired length.
This can be carried out by any suitable means known in
the art. A suitable length for the particles of the
present invention is in the range of from 1.5 to 5 times
the diameter of the particles. Further, the particles may
be sieved to remove dust.

It is also advantageous to incorporate metals into
the catalyst in order to provide a hydrogenative catalyst
capable of the hydrogenative decomposition of metal
poisons and other impurities found in hydrocarbon
fractions.

Such metals may be incorporated into the catalyst
composition by any suitable method known in the art, for
example by impregnation of the catalyst composition
following calcination or by mixing suitable metal
compounds with the alumina precursor and combustible
carbon-containing fibres before forming the shaped

particles. Preferably, the metals are incorporated by
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formed in the coking process, on the outer surface of
the particles will react wth any oxygen present in

wo b@7avisespher e and be burned of f. However, i nBCTIEP100B052212

particles the reaction willlobe Iimted to the coking
of the carbon-containing fibres . The deconposition
products are preferably renoved in the waste inert gas
stream and subjected to catalytic or thernal

i nciniefiabi 80. 1d0e: pald nekes asepdhien heat edei M @ngas

m xture conpr|3|ﬂ%lat | east 12 vol % oxygen at  a

t enpErAtareri AN He'G &vgeUsE L PtomUBY 68081 ey fibres
pr efigrrably rbAnthe drangeapbaf pom A5Q 4.0 500 0C . The
gas mxture is preferably air. Such a process wl|

remove tRBLrehi MG lEéaFbore f Y uiRtRe 2paft tetesthe catalyst

CptidU%?oEYti@ﬁtéﬁ Gl GRaLEOBn ShZeideduett ot YRR 6
carried out to produce particles of the desired

| engtk. STHi 8% chih We G4&r PREHOBLE B3Py SGPEADIe TRedEAC
Knowd e ct Beu st tor Arstighablechangth f OketBenpaiLd icar%s

of the present invention is in the range of from 1.

to 5X0me8leperel amstientef 1€ neuiparddqtcioas, EuPYherdite by
partd ¢l esigRy. be sieved to renmove dust. It is also
advant ageous to incorporate netals into the catal yst

i n order Profprajdivdéha Bydvrbgertttiale éat argstntecapabl e

of the hydrogenatiue decOMRgs bl lantBLahyPELSONR st
and other inpurities found in hydrocarbon fractions .

Suchrregteakslyayh b edrioveofpdeasedt § mag vicienegat ar ystngsten.

CO'T%‘?ﬁit‘ai}o?Q @Ml%lyerﬁﬂi tc%RbSuH@E Wh%l%“ﬁoh?b&&%r@wvz)

for exanple by 1npregnation of the catalys

Conpggwpi@nd ammonium molybdate. Suitable tungsten compounds
include tungsten (VI) oxide and ammonium tungstate.
Preferably, the group 8,9 or 10 metal, if present, is
selected from ruthenium, osmium, cobalt, rhodium,
iridium, nickel, palladium and platinum. More preferably,
the group 8, 9 or 10 metal is selected from nickel,
cobalt, palladium and platinum. Nickel and cobalt are
particularly preferable as the group 8, 9 or 10 metal.
Suitable nickel compounds include nickel nitrate, nickel
acetate, nickel formate, nickel oxide, nickel aluminate,
nickel silicate and Ni0O/Al,0; in powder form. Suitable
cobalt compounds include cobalt acetate, cobalt formate,
cobalt oxide, cobalt silicate and cobalt aluminate.

Preferably compounds of both group 6 and group 8,9

or 10 metals are incorporated into the composition of the
invention. Combinations of any group 6 and group 8,9 or
10 metals are suitable. Particularly preferred
combinations include nickel and molybdenum, cobalt and

molybdenum or nickel and tungsten.
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follow ng calcination or by m xing suitable netal
conpounds with the alum na precursor and conbusti bl e

wa@asamssdnt ai ni ng fibres before form ng the sheper2007/052212

particles. Preferably, theltetal s are incorporated
bym xi ng at | east one netal conpound with the al um na
precursor and the conbusti bl e carbon-containing fibres
before form ng the shaped particles. Suitable netals

to be inegsparatad dintethhec&atal st weeApPaSttd (Hht%flysts
the invention include those in groups 6 and 8,9 or

of tHe [per PEAFRNE abl'@(CACEOF AR nef tic ILOPAE NBnewkl Lty Geed

of lnemgani enChedr st ikhcReearmengdatdions nk990ntacted.
Bl ackwel I Scientific Publications, 1990, Edited by G J

Lei gy LaDPPefPaby AthatqBup Bt IS if pPesemtde i

sel egtd of fop, chy %&Wlpr@b)lé?gﬁﬁulmt&ﬁ@ot WRGSt 8 MoSt
preferably the group 6 nmetal is nolybdenum or

t ungEtedRraBhYt Abte TolFdehukRe b UHES UrAcFatiealated as

ol yhdenuaneNt) Oxidg1and 80PN M Jmduybdat e or 10 metal
Sui tabl e tungsten conpounds i ncl ude tungst en (V)

oxi d&an@ ARFORTRAR tUNGSORt B: 1 Pref4dt abidy, PER&SHrloup 0.5 to

8, 959Eml0 HEE@lprégeﬂgﬂi e@tto|§ ﬁ%ﬂ %%t%%ef8991mlxture
rut henium osmium cobalt, rhodium iridium nickel,

pal |cadicumrand b A reTRbE € B et ablofereRe grlonpiignt of

9 orplo ﬂ%ﬁhéé %'&%%%%sfcr OFh b £kelon §abBLEauced sucn
pal | adi um and plati num N ckel and cobalt are

par tihed éhleyfplﬂﬁmmaéaéwth@omw% frog drtqQldwts of
et gl;.., 3yl BQE pckaly) CQ{HHOE ?3‘ Jnglude ﬂb?gﬁ%ienum xide

nitrate, nic acetate, nic formate, nic OXI
ni ckels aoam natre anpicbkel ps¢ f¢watde eali@ddNiﬂééN/W v Es |t|11le

gg\g?cga{te 19%g‘ba§uﬁ<§ ax%énglts‘é‘ef&b%t aff OPOUNGS iagl ugg, cohalit, s
advantageously comprises nickel and molybdenum with
nickel oxide (as NiO) present in the range of from 8 to
12wt%.

Further treatments, such as sulphiding, may be
applied to the catalysts of the present invention after
calcination, in order to provide improved activity in the
finished catalyst.

Catalysts according to the present invention and
comprising alumina and at least one metal selected from
the group consisting of group 6 metals and group 8, 9 or
10 metals and also comprising:

i) a total pore volume of at least 0.40cm’/g;

ii) a pore volume of at least 0.15cm’/g in pores having
a diameter in the range of from 3 to 10nm;

iii) a pore volume of at least 0.25cm’/g in pores having
a diameter in the range of from 100 to 5000nm; and

iv) a surface area in the range of from 50 to 350 m‘/g,
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cobalt oxide, cobalt silicate and cobalt al um nate.
Pref erably conpounds of both group 6 and group 8,9 or

wdaGoomabmBs are i ncorporated into the conpositipor/aP2opies2212

i nvention. Conbi nati ons of 1any group 6 and group 8,9
or 10 netals are suitable. Particularly preferred
conbi nations include nickel and nol ybdenum cobalt and
nol ybdenum or ni ckel and tungsten. The anmount of netal

CoNpYdes gd rwh ERi 4y Tihe raataliyst 85 ddadNe spsesent trapping
invention can be tailored to suit the feed with which
t he FRilEREdPeET A Sst will be contacted. Suitable

amounts gf GEQUME TBE aboak eyd Nt sF aBgeuPda fyyomel chiry
to 30 % preferably 1 to 20 % nore preferably 8

to ISLRISEBF PHEOTF vk BGFereHIEIated 48 ¢ helhe total

el empite. voulbhabbe @mURLs 1906 9r ol R rerlndy 40 1eisl
are in the range of from0.1 to 20 % preferably 0.5

to B WOUFTSF e PRERBLEDFYE X QG 14 PRES, BPL R Wf yFhe

m xtre Gakeul ated a5t hesel enent.. the et pr&ferfredne
enbodi ment of the invention, a catalyst conposition is
pr odUEEENsuEeRVEHaLC IO SPRAF SAREF T dtaally'st AcOnpRe'sys 10 the

frO@%%g%Oo%5f£§@(ﬁ ﬂy %behm9X§Q§f4§§bﬂ¥ Qh @Hg gﬁﬁé% of from
25wt % of nol ybdenum oxi de (as Mb33). "I n anot her
pr eflerted CerBodf TRART2DAMTenthheP @zt alojsei 8Tt Bhpecaigddsts

as an, 4,3e0i &4 ap.qitheccat alysie adyant 3geeushys to 10 nm

conprises nickel and nolybdenum with "ni ckel oxide (as
Ni Oispregseénesind tHo mamgerof¢rami8 ato 1224L % - Furahés -

tr e%‘é‘%‘%‘rébﬁ}”&@%&‘é‘ RBL 00 B t&%t@@QEi:gdirq %418

catal ysts of the present invention after calcination,

i n oridér at diprevedeni mpreoveddactd vinop iSntehel fimished

cat gl yst o, 5 cm®/g, more preferably at most 0.40 cm’/g. The
catalysts of the present invention also have a high
proportion of macropores in the range of from 100 to
5000 nm, particularly in the range of from 250 to
5000 nm. Suitably a pore volume in the range of from 0.25
to 0.35 cm?/g is present in pores with a diameter in the
range of from 100 to 5000 nm. Preferably a pore volume in
the range of from 0.20 to 0.35 cm’/g is present in pores
with a diameter in the range of from 250 to 5000 nm.

As used herein, the surface area of a catalyst is
measured by the BET method. The B.E.T. method of
measuring surface area has been described in detail by
Brunauer, Emmet and Teller in J.Am.Chem.Soc. 60 (1938)
309-316. Preferably the surface area of the catalyst is
in the range of from 150 to 250 m?/g.

When used in a hydrotreating process, the catalysts
of the present invention are suitably used in the form of
a fixed bed of catalyst particles over which the

hydrocarbon feed is passed.
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Catal ysts according to the present invention and
conprising alum na and at | east one netal selected

wo e@moise3 gr oup consi sting of group 6 netal s apdI/BPmOpP052212

8, 9 or 10 netals and al sa3conprising: i ) a total
pore volune of at |least 0.40cm 3/g; ii) a pore vol une
of at least 0.15cm 3/g in pores having a dianeter in
the range of from3 to IOnm i ) a pore volunme of at

| east 0. 2BeMBdhtirdeapOhgSphavd 1) & dhanmptesent th@ntion
range of from 100 to 5000nm and iv) a surface area in
t he rPafg&r £ f ¢'om B0 C@B@GW'Q?%naalr @YﬁéPFF%Pal??y

ef f ectiMei8ssCatd wsdamphier at £ PPl No-Lalakyst ped sans.
A s used here| n, ore volune i s neasured bg mer cur
;ﬁ% 0 %{Oé)p{Pa,

i nt rAPI08KPpor BSTYRIIIE aBEsE HR APt DN 661300 THe 4

por e ‘e %@@a@uré her gatal ¥8bsch S5y ef %fn@blayh%ré%ﬁqstto
0.55 cnB/g. Suitably the total (g)ore vol une of t

e
cat dlVipgrsarsonatr Hoist F. 86 EABP L0 THe lcat al ysts of the

present LpYEMAADPISIESSoRON &S haMicNgoa didiBiElt W) the
the range of from1l to 20 nm preferably in the range

of fGBWE21E6on 00 hrhhepPererabl yVEHe Porely o thedofatvhe

Cat@k%§%%akﬂo§°ff§bﬁ@dh c@m?k@@?ﬁ@ﬂnéﬁéﬂﬁlg E@Hﬁﬁhfﬁants
from3 to 10 nmis at |eas 25, nore preferably at

| eastar0.1301enBy g3viPretler abehl@h@%d{l@W@m%CW T as

cat al ystis hAsPOr LS M th a 9&@@‘%&{ ditliRe F ange - Of;iques.
from3 to 10 nmis at nost 0.5 cnB/g, nore preferably

at nost 00@OARTHBING.S Thétcﬁfﬁlwc@'e@f bﬁ’héhﬁr@@@?ﬂSltlon of

I nvenld %@e@%ﬁ? havs, @ i 9B prLepos tion oy, {Spp@fses%llv%d
the range o rom 100 to 5000 nm partlcu arly 1 n the

r angedofsofl L0 MmeS0L iz 50e01iAMm sSui tagbliyoa pbeelisdl wrrslium

in téﬁ%cﬁgggecgfcfdﬁngﬁgcgés, molybdenum species, nickel
species, arsenic species and vanadium species. In
particular, the metallic species present that will be
removed from the hydrocarbon feed may include nickel and
vanadium porphyrins, iron naphthenates, iron phenolates
and arsenic in the form of arsine (AsHj3) or as an organic
compound .

Such compounds may be trapped by the catalysts of
the present invention in amounts up to 25 to 50wt%, based
on the weight of the catalyst. As well as trapping such
compounds, catalysts of the present invention may also
remove sulphur and nitrogen from the hydrocarbon
fraction.

The composition or catalyst may be tailored to suit
the specific hydrocarbon fraction to be treated. If the
hydrocarbon fraction still contains sulphur and nitrogen
compounds, it 1s particularly suitable to use a
composition comprising nickel and molybdenum. Such a

composition should be sulphided before use. This can be
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to 0.35 cnB/g is present in pores with a dianmeter in
the range of from 100 to 5000 nm Preferably a pore

wo odoamelssh the range of fromO0.20 to 0.35 cnB/BCT/EP2007/052212

present in pores with a dia#weter in the range of from
250 to 5000 nm A s used herein, the surface area of a
catal yst is neasured by the BET nethod. The B .E . T .

nmet hod of measuring surface area has been described in

det aldr rhyaBpupasieihe ERRBLrangnd etd el vish d sAPLLHeIM 190G he
60 (1938) 309-316. Preferably the surface area of the

cat ARPSEOFsOF "R Hee Eifge26P1¥F ot A50" 56 T258Y nf4~ 2™ Afen
usethdahsakAYEh ot £ eatd RGLPr acessal fe Cabak¥shs ©fcitde ana
present invention are suitably used in the formof a

fi x&¥yddesrncht aéldysé)( pﬁéFtiPEF%Jél-‘bvséJrit\%il@thﬁ% the
hydroeanben feegd i pazsedsThe Lydnotd eakpbng process
of the present invention is carried out under

convent | BABFLF§idr Gt EAE1 RESEOMdi TV6RS LOPoRIRXEHY e a

tot glgRhessEbes Of QO 1, EQQQ@Pﬁfe adwdregen, pat i a
pressure of 100 to 2500CkPa, a tenperature of from 200

to S00rOCaaRen AR ¥SHTGGEn 108 RydrDTar Bo Fatrbyois sPWe

3000 ¥/ Lo kydrocasrbop shh-achi 9nscislidablbgehQfive catalyst
treatnment by the conpdsition of the presént invention

can ksl Glésanyy Hydrscar bonaty aethesh orppPBRAgEe reactor,
et ald ic sepAt A nant.s. sPapthcyl @rd,y W tahke 858 or as the

hi gh-boi I'i ng products such as vacuumdistillates, tar
oi | Swa@oanstive atdton veéspdlesr Lorit dmveants thiadlydte

Fe”QMg%igthQeséﬁﬁﬂ%Eﬁ Ethgf §£¥%§H§§%§@%_%Q¥§P§% P
include a wde range of dissolved and solid netallic
speci es Shehfakldwigy Spevpéess wodi uhlspeches,tial ci um
speci £s.,:0BLybdenum speci es, ni ckel
Examples
Example 1 - Catalyst A (Comparative)
For catalyst A, gamma-alumina extrudates 2.5mm in
diameter, 4 to 7mm long, with a specific surface area of
260 m?/g and a relatively uniform pore distribution
between 3 and é6nm were used as supports. These supports
were impregnated with an impregnation solution comprising
nickel nitrate, ammonium molybdate and phosphoric acid,
using a pore volume saturation method. The concentrations
of the metal compounds in the impregnation solution were
chosen such that the finished catalyst had the
composition detailed in Table 1. After impregnation, the
catalysts were dried and calcined at 500°C, in air. The
properties of the catalyst are shown in Tables 1 and 2.
Example 2 - Catalyst B (Comparative)
540g of pseudoboehmite (aluminum oxide hydroxide)
was mixed thoroughly with 131g of ammonium molybdate, 70g

of nickel nitrate and 45g of cotton cellulose fibres
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speci es, arsenic species and vanadi um species. In
particular, the netallic species present that will be

wo eovouesss rom t he hydrocarbon feed nmay i ncl uderai/gR®07/052212

and vanadi um por phyrins, indn naphthenates, iron
phenol ates and arsenic in the formof arsine (AsH3) or
as an organi c conpound. Such conpounds may be trapped
by the catal ysts of the present invention in anmounts

up t@g28vhochOW 945 based eastheomairghtargf mtReure) . The
catalyst. A s well as trappi_,n(% such compounds ,
cat AIFSEE BPOE HEPT SCRHET PROSIEY ofF ey VAP 56 fSHBVE ibres,

sul phye apd2njt1egend nermythe hydnecanber bragtd®no to
The conposition or catalyst may be tailored to suit

t he Feditf PBRA MR BoRDf FARt T UG @ThéPleat &Y. 1] fum-

t he shydacanben fdacden sbi bloget aimexsubhlie antds ang
nitrogen conpounds, it is particularly suitable to use

a COMFOSPEFofRE dmstT SPigUAPEKE Biite FBiybdeRem 2 Sudh ia
conpasitien . shoul d.he subphided befor ecuseo-dhis: cAMours

becarried out either before the catalyst is placed in
t he a'¢actier Brawifl |3 ORE“Eat &P yatri sini @ 8Rfdlpyturnace for

sui tablg aeanse known dif ibhe aktprH&atialyst coMmprisi ROare
ni ckel and nol ybdenumis also particularly suitable
whershowe éat arysts ils angd Be used as an arsenic trap.

Cat gl 45308 Lheagd1§38NE i nvention are very
advant ageously used"as protective catalysts within a

hydr ocar bonkhyalr gtsegdpbaghpt ot egs unthencar ddly Stwlnarald)
the a@emiigéga{ﬂlﬁpod%;‘?ﬁtyr %@t‘%oé3&5‘%?V&Jt%%g”é&h’@1ose fibres
catal yst bed. This Tay be as a tatal yst bed in a
sepalcatrie veéaet orQ «as WA Ssepaedt @ cdtaaldyst mbagupg t hi4bkg of
thebﬁﬁﬂ? 599&}%& & ggea nickel nitrate solution, 1.6kg of
an ethoxylated cellulose (Tylose MH 1000 P2, Clariant
GmbH), 8.5kg of nitric acid and enough water
(approximately 145 litres) to make the water content of
the mixture 60% (as measured with a Mettler Toledo HB43
Moisture Analyzer). The fibres used were Schwarzwdlder
Textilwerke (STW) fibres, type FB 24/040 with lengths in
the range of from 50 to 500 um and diameters in the range
of from 5 to 10 um. The mixture was then extruded using a
screw extrusion press to produce extrudates 2.5mm in
diameter, which were then dried at a maximum temperature
of 120°C for 5 hrs. The dried extrudates were heated in a
stream of nitrogen in a rotary tubular kiln for
30 minutes at 400°C and then heated for 3hrs at 500°C in
a stream of air. The composition and properties of the

finished catalyst are shown in Tables 1 and 2.
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hydr ogenati ve catal yst bed or as a |ayer of catalyst
within the sanme bed as the hydrogenative catal yst. The

wo edoavisesy Exanples will illustrate the inventPONEP2007/052212

Exanpl es Exanple 1 - Catal yst A (Conparative) For

catal yst A, gamma-al um na extrudates 2.5mmin

dianeter, 4 to 7mmlong, with a specific surface area

of 260 n2/g and a relatively uniformpore distribution
bet \m@mpaeamd_maw@rs@ vsed as supports. These

supports were inp %nat ed wth an inpregnation

sol uti onTEb"?rp?%tsein WERePrPRITHL &Y SAnPRRLAI M yB@areure

and {phesphorhe @ﬂﬁyst&smgx@e@@r@qa@ll@m sat ygad iOhtkel
nmet hod. The concentrations of the netal conpounds in

t he HBREGnaPH BN Fb S Sl RHSSER SuéhhthatatHe st
finished cat akystohad thereapposidien detailed in
Table 1 . After inpregnation, the catalysts were dried
and calcined at 500 OC, in air. The properties of the
cat alayst are shoywndin C'B%Eb%tﬂ-o@%d? proEXappLe & -

Cat al'yst B (Conpar ative) 540y of pseudoboehmte

(al Lﬂﬂt@&mséﬁlﬁet%,[ﬁr oxi de) was mi xed thoroughly with

131 or amwaﬁrystpl ybdate, 700 of ﬂﬂ%CKi n@trate gno
459 LLUIT LTT T UlUotT IIIUI ,CLUI Clt UJ._l' ViU U
base b,r‘mf.(i; a-y—-xtur ey "';5\6 fiur%% Lse%'wer" il
Sch MBS et ) Fextitwerke (SL‘v“}' i bids |t yoe FE-241040
with (243@* RE55 ¢ he rangerof tr o 505*“ 5005."7“. and
di apBtdbs 'h*} he range of |FLol5 1@ 180:h0 g /g 100
wat a?pﬁ\%%fjacdoséﬂftaﬁepgﬁ%i%ce arp@xtrugighbl ¢ mass andathe
rrasa_ﬂdgthnn extruded to m ve extrudates 2 5mmin
di a%ﬁ%‘%lc}l%éjeé‘ﬁtlwdat es Wenesdriled at 120 QG flor: 34
hout $9/cm

Bulk density (kg/l) 0.75 0.65 0.52 0.52

*measured according to the B.E.T. method

Table 2 - Pore volumes of the Catalysts as a Function of

Pore Diameter

Catalyst A B C D
total pore volume 0.40 | 0.55 | 0.69 | 0.65
(cm”/qg)
Pore volume in pore
diameter 3 to 10 nm 0.37 0.35 0.37 0.33
(cm®/qg)

Pore volume in pore
diameter 10 to 100 nm 0.02 0.05 0.02 0.02

(cm®/q)
Pore volume in pore
diameter 100 to 0.01 0.15 0.30 0.30

1000 nm (cm’/q)

Pore volume in pore
diameter 250 to - - 0.28 0.28
5000 nm (cm’/qg)
Pore volume measured according to DIN 6613
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w@ai0al1yss3 B are shown in Tables 1 and 2 .

and then heated at 500 0 C, in air, in a nuffle

furnace for 5 hours. The conposition and properties of
ExanptBEER2007/052212
Catal yst C 176kg of pseudobdehmi te (al um num oxi de

hydr oxi de) was m xed thoroughly with 63kg of cotton
cellulose fibres (equivalent to 22 wt % based on the

dry m xture), 25kg of MoO 3, 5.3kg of Ni as a nickel

ni t reddathplel Bt - oratahy@eg Tektdng et hoxyl ated cel | ul ose
(Tyl ose MH 1000 P2, Clariant GrbH), 8.5kg of nitric

aci d andPeRBtRfh Snvatyer "Eapprbxt Hiltle [y r 24539 r'e)e tfglled
makeyithe twat esc oM @Ntnaf chhecMed ure H0%fase rrasyr ed
with a Mettler Tol edo HB43 Moi sture Anal yzer) . The .
fi bré®sgsedTher e Sctifarinalger TS MRer RerpsTye lmm wire
fi bresizet YpeabR: 24240 sWohh tengdhs dghnbhecsande.8fnide.
from50 to 500 mm and di aneters in the range of fromb5

to HIFemilllTheCisq (ee Swas Stk ®©aT (ded LaBTAYE L& ewt

ext nusicen ; Ar €8gud - RModueecext sudatLnd. BMbifAed in place
di ameter, which were then dried at a maxi nrum

t engérrafuPeydrr 120°10C fi6F S51hrisreathite bar FBE &R FLUEt es
ver e Heat gdqi M ac1fd eaMeOb s NELERGLN it 8pbAt &LYadium, in
tubular kiln for 30 mnutes at 400 OC and then heated
for Qr $380°500 DO ¥ -& S$Pr eamy of &Sl aTHel g orpfosiqridsn of
and frgper theso@fpy he khabshed. catalyst .ar g, shown Jd o
Tables 1 and 2 .pranpl e 4 - Catalyst D This catalyst

was Wsreparedvey Brrrandicogenss prot edurle seg -t Rag dgmtities
cat Ay ol CXCERLs Whalchik@y N pas Al kel AL AL 3 vear
sol Ution wis used to produce a final catalyst with a

ni ckelclexipde elpitrentn gRb8qt % Table 1 - Chemi cal
Conposition and Properties of

Table 3 - Heavy Metal Uptake of the Catalysts

Catalyst B C D
v 3 24 25
Nix* 1.5 3 6 5
Fe 1.5 3 6 6
As 0.4 0.6 0.7 1.4

* only includes the nickel taken up from the oil

The metal uptake results in Table 3 demonstrate that
catalysts C and D (of the invention) have a similar high
capacity for trapping the metallic catalyst poisons. This
capacity 1is greatly increased over that of catalyst B
(comparative), which was produced by a process
incorporating a smaller amount of combustible carbon-
containing fibres. Catalyst A, which was produced without
the incorporation of any combustible carbon-containing

fibres, displayed a much lower metals uptake over the

course of the test.



Catal ysts A to D “neasured according to the B .E . T .

nmet hod Table 2 - Pore volunes of the Catal ysts as a
wao-octiosses of Pore Di aneter Pore vol ume measur eBICT/EP2007/052212

according to DIN 6613Exanplie¢ 5 - Catal yst Testing

Permeabl e cylindrical 250m wre cages were filled

wWth the catal ysts and the cages were then securely

cl osed. The surface of these cages was perneabl e | mm

Wi re gauzge &iahlygtisowar dse gasyGantal Rhage hyd Qg ide a
sul phide. The filled cages were installed as the ,

t ops¥IeEat 4F st e PR P RSt i -964l BrPeattvrs With
and Jemibnednh o ,f @hedodeyAINE G ee dheaGhlant could
treated by the reactors contained in the range of from

0. 5 4 BppATF RN ntachorhet r afryeYof-ler 8092 & 2ppm

ni ckelc andci Brthe riapgecebnfrom 1 to 200ppb arsenic.
After 3 years the catalysts were renoved fromthe

cagdagRdeafar SR LIYHTE Euand ¥ iecudingaty W3y &30, 888
preseRfnphRat hee catal yst after the 3 year cycle are
shown in Table 3 . Table 3 - Heavy Metal Uptake of the
Cat al yst Bo®nl SAiHe1SGdeST & her ¢/ Usakentp FFEmMAdtréon

oi | cEhe ABtal ruptake & esubtspid Aable3:deponstratey p
that catalysts C and D (of the invention) have a

si maPavehi gh capacity for trapping the netallic

cat al yst ,poi sONss: thhp1£apagc s i %%é[»!j_i/m%n@c! easefie 1x
over that of catalyst B (conparative), which was

procicé@ By©al p?Btedss rirndorpdrial imigladsmal [ef anduriion

of combusyi gl 8efﬁ5d1tb%!“ec‘%%%”'<é‘&uifx}ﬂe%% cGababyst Apased
whi ch was produced w thout the’incorporation of any
conbusttingl érganboncontiacanagvely under addition of water,

then extruding and drying at 260°C for 2 hrs. The
cellulose fibres are completely removed by an oxidation
process in air stream from ambient temperature to 430°C.
The pore distribution of this carrier material for a
catalyst is listed in Table 4. The extrudates have a side
crushing strength of 12 N/mm. Because of the low amount
0of cellulose fibre the portion of pore volume in the
range of pore diameter from 100 to 5000 nm is too small,
and this will never give a higher macropore volume after
the impregnation with metal salt solution to manufacture
a catalyst.

A catalyst sample F prepared by the same procedure
as example IX of US 3,630,888 1is produced by mixing of
1.3 kg A1OOH with 465 g cellulose fibre (equivalent to
26.3 wt% based on the dry mixture) intensively under
addition of water and nitric acid, then extruding and
drying at 260°C for 2 hrs. Now, it has been tried to
remove the cellulose fibres completely by an oxidation

process in air stream from ambient temperature to 430°C.



fibres, displayed a nmuch | ower netals uptake over the
course of the test.The catalysts of the invention

wo b@rabsse provide a |longer-life for hydrogenaP@TgP2007/052212
fi xed-bed processes. Wth d#tich an inprovenent, the
operating cycle of a plant could be increased by a
factor of two by the use of the catal yst of the
i nvention. Exanple 6 - Catalysts E and F according to

US 36308880 ( Sonparatiive)  Bot hi gatalitsksnaies PrSpar ethe
usi nsggt he sane cotton cellul ose fibres as described
for tuélt%?ssgﬂ} Gadndhp ghbvedates @é@aﬁ?&e%%‘?nﬂréj E

pr epahednpaccesdi Nt rexampheal ¥ of JuSp3s630, 888 disie
produced by m xi ng of 1. 3tg§ Al OCH Wltﬁ 37 g cellul ose

fi b UE84aPvaFemtIto 220oPPtRtof harkaiton HABMdr yhereas

M xtdd@h bRt ensiyelpedindes addbdd Omiohevatgln dhan 7
extruding and drying at 260 OC for 2 hrs. The
cel N{F8se fibres are conpletely renmoved by an

Oxi dat i ORnPrQCESS Yol RLENSLTSMBAL 1O 8BDBEAE0, 888 cannot
tenperature to 430 OC . The pore distribution of this
car ricst Lrat Br PadPforcad 22 ¥6Al H3ET1SL9S téd PnhTEbIROTA 10D

The gxiudat ﬁéré‘@)’cﬁﬁe%i de Eﬁé‘sﬂrﬂ% el %fiTQFthé’Es 12 6m 100
N nmm Because of the | ow anpunt of cellul ose fibre the

por ticoR08f pdr e vol urke 25N CEE 1 &rgBOBE - pore di amet er
fr o, 316075008, tiiyst t;oacéaﬁhin% Z{bddsh'9§3\,’\55§ never

give a higher nacropore volunme af the i npregnation
wi t hGeepakasare) sol ution to manufacture a catalyst. A

cat al yst Bia%@l%s%f%%@%ﬁg DY £-f1e ﬁmagéﬁﬁy@o@?&he

exanpl e | 3,630,888 Is pro y mxing o
catalyst production the catalyst of example 3 (modified)

was reproduced.

In 823 g Pseudoboehmite A1OOH (= alumina hydrogel)
were incorporated 102 g cobalt nitrate - hexahydrate,

182 g ammonium dimolybdate (84 wt% MoO;3), and 40 g
viscose rayon fibres (eguivalent to circa 3.5 wt$ based
on the dry mixture) of 60pm diameter and 2.5 mm length,
by intensive mixing. The addition of water to the batch
under mixing produced a plastic mass, and the mass was
extrudated to 5 mm particles. These were dried and
calcined carefully from ambient temperature to 500°C in a
muffle oven over 16 hrs at a heating rate of 30°C/hr.

The resulting catalyst had been softened to a side
crushing strength of 5 N/mm. The pore size distribution
is given in Table 4. It was not possible to reach a
macropore volume of higher than 0.18 cm?/g. The fibres
are too big in order to produce a high macropore volume
of 25 cm’/g or more in the range of diameters from 100 to

5000 nm.



1.3 kg AIOOH wth 465 g cellul ose fibre (equivalent to

26.3 Wt % based on the dry m xture) intensively under
wa@adatioses of water and nitric acid, then extrupPkTgPENT0S2212

drying at 260 OC for 2 hrs20Now, it has been tried to

renove the cellulose fibres conpletely by an oxidation

process in air streamfrom anbient tenperature to 430

OC .By the violent reaction the high exotherm

destrpyedst hepstd ueiwne ssuehc kbatadhe sext udaies a5 e

sof tened and unusabl e for industrial catalytic

pur posEs 1oThel sF e GG&RICRG strength anpunted to about

3_ N™nm wher eas deeGhpLEal Usage requi Tesg Nunbers g
hl g ]%.téfdébfeg%ﬂpﬁlﬁm.&hﬂ/@”e Uebblfl Ue(.b .H7|;il Illl()( 0.68
accol Qrog; U3 (h;lup&?? G2 éuct A esurTrmusante
cat aEygi par c(lc S/&\sl h a high portfi onOoffzmacno pOr &8
vol Jgg;ei@ t.r.nee r.anggrgfdldénger”etrers from100—+to5666—+mm
e . go.to.%% %é‘{%m@:g:)nore anpl g 7 0.Catal yst &.02
e Al A ~ 2 ([ Connmarat 1 vuda) Dy 11conngd of
aCC:JiDUI élU\]OL]%Ju \éJl\rJ];-/\r/E% E)uu ia\ﬁelt}.larl ati VC} I_)y UDGU Ul
cur EEE t}iseij%]o ra f fg)l als Tor the cat.alkyst 0.15
Drojum%u%*bf he ggﬁﬁF??t%gf %yéggp' ;e SAI(rmd: E edl) Wwas
repr : is[o) mte OCH (= al unonas
hyg'ggv'tiovéeorov PHcd! mc/.?uf ed 102 g clobalt nitrate

' | )
hexahydrate, 182 anmoni um di nol ybdate (84 wt % MbO 3)
, and 40 g viscose rayon fibres (equivalent to circa
3.5 Wm % based on the dry m xture) of 60nmm di aneter and
2.5 mmlength, by intensive m xing. The addition of
wat er to the batch under m xi ng produced a plastic
mass, and the mass was extrudated to 5 mm particl es.
These were dried and
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cal cined carefully from anbi ent tenperature to 500 0C
in anmffle oven over 16 hrs at a heating rate of

wW@0w7ho1883The resulting catal yst had been soft ePeEPHOA052212

side crushing strength of BINmm The pore size
distribution is given in Table 4 . It was not possible
to reach a nmacropore volune of higher than 0.18 cnB/g.
The fibres are too big in order to produce a high

macr opore volunme of 25 cnB/g or nore in the range of

di ameters from 100 to 500 O nm Table 4 - Pore vol unes
of the Catalysts E and G &sta®Fbdétd on of Pore
DiameterCL Al MS 1 . A process for the preparation
of a catalyst, which process conprises the steps of:

) milxi ngPakr & iTh A& TprEeuPs ANt e OfbastR by st, which

car hon-cant abfbg:dd bres sweph @ di aneter in the range
of fromO0.5 to 50mm and a | ength of no greater than

| 000 nm h arfERBneri ALERENG atffeE 6P Of r Bt 2 0C & Uhwods

based oncthgot-ot@lednY nfl XEpFes ilth addh Agedd i€ aei d
and water to forman extrudable mass; i ) extruding
t he mi xt GReI% T dirpis HapelC paltit Arels 2 LoR9IeR ydihgia Reeater

shaped papiihcl @y ih BRaLLSG L NG RaLt Lghes N Adn 20 to
at nosphere conprising no nore than 5 vol % oxygen at a
t enper at AP€CT Paswgl cangeeofofxloAr3s0ikeUB00 0C ; and

vi) then,heating {he panti cLes 4y 3988 PLXEMEL an
conprising at |east 12 vol % oxygen at a tenperature in

t he rangexofudsom 480sto 600 OC . 2 . A process as
cl ai med EEiFléﬁﬂ?ﬁhimgm@ﬁéeﬁfkﬁﬁré %%S%orm shaped particles;
iv) drying the shaped particles;
V) heating the particles in an atmosphere
comprising no more than 5 vol% oxygen at a
temperature in the range of from 350 to 600°C; and
vi) then heating the particles in a gas mixture
comprising at least 12 vol% oxygen at a temperature
in the range of from 450 to 600°C.
2. A process as claimed in claim 1, wherein at least
one metal compound selected from compounds of Group 6
metals and compounds of Group 8, 9 or 10 metals is also
mixed with the alumina precursor and the combustible
carbon-containing fibres.
3. A process as claimed in claim 2, wherein the Group 6
metal is selected from molybdenum or tungsten.
4, A process as claimed in claim 2, wherein the Group
8, 9 or 10 metal is selected from nickel or cobalt.
5. A process as claimed in any one of claims 1 to 4,

wherein the alumina precursor is pseudoboehmite.
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one nmetal conpound sel ected from conpounds of G oup 6
nmetal s and conpounds of Goup 8 , 9 or 10 netals is

w@b®a/1missed with the al um na precursor and thePCT/EP2007/052212

conmbusti bl e carbon-contai ni2ag fibres. 3 . A process as
claimed in claim2 , wherein the Goup 6 netal is
sel ected from nol ybdenum or tungsten. 4 . A process as
claimed in claim2 , wherein the Goup 8 , 9 or 10

netal. i sasgteedad £ ennnhekeln anycobal be Srainfs pracess
as clainmed in any one of clains 1 to 4 , wherein the
al utiF& pretlr s%‘?mkfusgtr}@éﬁd%%‘?ﬁn t@tagning E%%]&%%sa%s
cl aiged ohncanyuohne of claims 1 to 5, wherein the
conmbusti bl e carbon-containing fibres are cotton

cel 1'ul os&.P7OCes, Grocedsmasd £l @@ PnCanyl dHeS of to o,

ClaWﬁErélhot§e1fM@§ﬁ§bﬂetH@dé&bﬁﬁ%nﬁ%%o@ggegnHﬂmﬁ@an e of
anount in the range of from20 to 30wt % preferably 20

to ZBW% Obh8etP Wi t mEE6raPlursP mixtadmé’s, ghasgd on the

process1ag ¢l @i sed-d n any one of claims 1 to 7,
wherein the at rmsphere in step v ) conprises nitrogen.

9 . SA prbcesCHT ASaiChedmeER Hhyronenef o€l &l #snsl it 608 7,

whergih tihecpariiclencateifeat &d ¢ Sherived ﬁit@ogen
tenperature in the range of from 350 to 450 0C . 10. A

process asPed@ Tfedsi glanpedne’ ginvclcaengt 1ctaings |1 to 8,

wherglhe1hne 8t 8P, M o1 fsherRant i cles are heal th'aU a
gas mxture conprising air at a tenperature in the

rangerofrirone 450 e 3@090C°f fAdom Adatal y8P°C.
conpry Si Rgp?é&ég§%sa%qa§¥ne&eﬂ?‘tarﬁzn%n%eB@' ff,ghgsctleqo ,

fromthe group consisting of Goup 6 neta and G oup
8 , Whegrilo hetaley WAher éhA Phetcdicd ywse hasted in a gas

mixture comprising air at a temperature in the range of
from 450 to 500°C.
11. A catalyst comprising alumina and at least one metal
selected from the group consisting of Group 6 metals and
Group 8, 9 or 10 metals, wherein the catalyst has:
i) a total pore volume of at least O.40cm§/g;
ii) a pore volume of at least 0.15cm’/g in pores
having a diameter in the range of from 3 to 10nm;
iii) a pore volume of at least 0.25cm’/g in pores
having a diameter in the range of from 100 to
5000nm; and
iv) a surface area in the range of from 50 to
350 m?/g,
wherein pore volume is measured by mercury intrusion
porosimetry according to DIN 6613 and surface area is
measured according to the B.E.T. method.
12. A catalyst as claimed in claim 11, wherein a pore
volume of at least O.ZOcmg/g is in pores having a

diameter in the range of from 250 to 5000nm.



i ) atotal pore volune of at least 0.40cm 3/g; ii) a

pore volune of at least 0.15cm 3/g in pores having a
waolc@maoss3in the range of from3 to 1Onm iii)PEI/pR1087/052212

vol ume of at |east 0.25cm 38g in pores having a

di ameter in the range of from 100 to 5000nm and iv) a

surface area in the range of from50 to 350 nwg,

wherein pore volune is nmeasured by nercury intrusion

pOr aSj .MBAT Yr Q&L GicRgthe EbMEEOL3 sand 08Ukt agen@ireR ar$on

nmeasured according to the B .E .T . nmethod. 12. A

cat NP8 ERAFHEPINY 16RAI APAIACTHEY & AV pBREP/BI une

of atrd-eash Qig@canc%tmg%ti As POI £Snavinng1ai di 8Mefelc1aim

in the range of from 250 to 5000nm 13. A process for

t he lderét aF| PSaRIGIT 6FY & RyAfetarborr Praeti 6p W e of

conmpri=ses ¢optacti ng a hydrocarbon fraction with a

catalyst as clained in claim1ll or claim12 or as

prepared by a process as clainmed in any one of clains

1to 10 .



