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invention relates to a cogel conprising oxidic compounds of one or

nore trivalent nmetallic elenents selected fromthe group of al um nium
borium gallium chromum iron, cobalt, manganese, vanadi um

mol ybdenum tungsten, indium rhodium jscandium or mxtures thereof, 10
oxi di ¢ conmpounds of one or nore tetravalent nmetallic elements sel ected
fromthe group of silicon, titanium germanium or mxtures thereof, and
oxi di ¢ conpounds of one or nore divalent netallic elenents. The invention

further rel at e®GEL BONTIRINGIOXIDIC TBHMPTURBISIOF GESTRAGAVENIT, as to

cat al ysts conprising these cogels rocess for preparing said

cat al ysts, andRIVALENT, AN@ MVALEéHeMEJMLigﬁ.Em&ENﬁsdr opr ocessi ng

appl i cat i %nhs In the past, synthetic clays have been synthesi zed by
hydr ot her crystallization of a m xture of clay material precursors.

Thi s _hydr ot herpglinvention (reR¥STRN b ¢ogef RohipPRirRUbxitie %}n@a&&% 8¥ 8n@lorhi gh

pressures- and tenperatures 2 W th reaction“tinmes In order of several
hours to sevemare dmaient&metalla; elemertts esefended frcsndeecgndwdpf aluniniumy U. S.
3,844,978, EP-A:0224 1? c% opr gge et al., da s and
Cay M neral sPORWSp,  g3lliuigy r°"T§'§33 ‘5%es°‘1t€f§ m 9%’1??9 Théaneg

reference desgiol/pABndRA! irigien, GRER, SHBGIR,_scaAlins @ aiites there\sfth the

bal ance bei ng an anor phous cogel of 'oxidic conpoun s of silicon,
al um ni uMO0 anoxidiegroespaunds Téfesre watreoneatetraraient haetambeelemdtéoyeleeﬁedt ively

5500 orr] O CEPBCHS 9UBHY FORCSS (UROT (GPTB Gapbi Rt TR ahg

charact er ] zedgRicBfboluAtl SFbhaes ARG AAREL e Pm .ﬁ@érﬁfonat on at
further relates to a process for preparing said cogel as well as to catalysts
comprising these cogels, a process for preparing said catalysts, and the

15  use of these catalysts for hydroprocessing applications.

in the past, synthetic clays have been synthesized by hydrothermal
crystallization of a mixture of clay material precursors. This hydrothermal
treatment is carried out in an autoclave at high pressures and temperatures

20 with reaction times in the order of several hours to several days. Such a
treatment is described, e.g., in U.S. 3,844,978, EP-A-0224 182, and in J. T.
Klpprogge et al., Clays and Clay Minerals, Vol. 41, No. 1, 1993, pages 103-
110. The last reference describes materials comprising 36 - 100% saponite
with the balance being an amorphous cogel of oxidic compounds of silicon,

25  aluminium, and magnesium. These materials are characterized by relatively
Jow surface areas in the range of 166 - 375 m?%g (after calcination at
550°C). Especially the materials with low saponite contents are
characterized by very low surface areas below 300m?/g (after caicination at
550°C).
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synt hesi s ofwoloagoassneral s via hydrothermal crystallizati onpceEbssgiscal |y
relatively difficult and tinme-consum ng. Therefore, in recent years .a great
deal of research has been done to deveIn%p synthetic clay materials which
are obtai nabl e wi thout using hydrot her crystallization techniques. WO 5
96/ 07613 descri bes the preparation of such synthetic clay m nerals by
bringing the pH of an aqueous |iquid containing precursors for the clay to

be prepared t‘ﬁhasyraheas nf c&y-mi&etaimlwadet@thpen@ttouystamiatbhes tachinicdilt 0 a
val ue fro [‘F to.350[err]C. Both the tenperature and the pH
are maint ai ne@leéwe!y di cé‘gl%’dr Hmgeconsimings theseforey dnireeent¥sars @edveat nat i on

of the clay magralescHitn Fs t}ée'?ieddnee '%%féléi;gggrﬁﬂét«]o@aglhﬁat&%@ Iﬁéifo 25

applied: at |ower tenperatures err tinmes of

hours are necsesebtpinableewithsutatising hydtcﬂh@nemaitcwstauszaudnh&chmqges ojyaLs0[err] C
and higher, tines in the order of sone mnutes to approximately 2.5

hours may 5 1 96/62513 slpsoubes dne quppajation of ey sWithetic slayhainsealsphes of

said referen IMes In
the order of C&qqgg%g%ngﬁp%ft%ﬁggﬁg ‘gcbﬂj %én@hna&p?&u?%ae’gﬁlsﬁﬁ él%’ft\ s have a
crystalline skeé paipared ¥ &ivalliestf Db dmeiake tempbrmuﬁédfaue liquid tdlaf\fahaé:t ion
pattern at about [err] They are nmade up el enent ary

three-1 ayer phiaTeM&0S t19i350°@; ﬁ@ﬂttf@n@mmoe end [tae rpﬁwartean@m[ta;mq At
2 o o 48 Phdde KrAFE Sid Bedliel et or SEEH TR e 171! °

tetraval et time réglirePepents oh tﬁ@eemgér@ahe@wneﬁ aatelbﬁreﬁt@n@éraﬂu@@sit partly
repl aced by trival ent al um ni umions and in which the octahedral |ayer

cont ai ns di va®le®’®ioAgs°C, Tm}ﬁsm@§t5 észc%shwyarem@cgﬁsarm wiheteasf aposi ti ve

al v i um | oneeradyssl A dfngs ot 1567 ARERREREr dmbe b riBbrepRe L

bet ween the pmauteLs. approxnmatéwez lSﬁo@fE friag s suffiyélt h@%oem&ycamrwal s as
cracki ng conponent in catal lications is described in WO

tl
96/ 07477. Thededucedtfsormdhe %?faéﬂl@lﬁg of @gsﬁreferencemt%ﬁbtatn theadesired giaY se a
hydr ogena,}s Onmﬂ:?etrglg, ﬁgu%r}ﬁ%s ﬁ:”ﬁ’meaoréé%# J7'2(9 48 hours must be applied. The

resulting clays have a crystalline structure with distinct peaks in the X-ray
diffraction pattern at about 20~20°, 20~35° and 20~60°. They are made up
of elementary three-layer platelets with dimensions from 0.01 pym to 1 um,
which are optionally stacked to up to 20 platelets. One particular example
20 of such a clay material is a saponite, which is a clay in which the tetravalent
silicon ions of the tetrahedron layers are at least partly replaced by trivalent
aluminium ions and in which the octahedral layer contains divalent ions
almost exclusively. The deficiency of positive charge which results from the
replacement of the silicon ions by aluminium ions ié compensated by

25 including cations (“counter-ions”) between the platelets.

The use 6f these synthetic clay minerals as cracking component in catalytic
applications is described in WO 96/07477. There, catalysts are disclosed

which at least comprise a hydrogenation metal component and a swelling
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clay. The cata ’i}’é"é’"’i‘s suitable for hydroprocessing of hydr ocRFHERPI/05818

f eeds. A di sadvantage of the clay mnerals of WD 96/07613 is their
poor 5 filterability, which typically 4s above 2000 s, expressed as
normal i zed filtration time. Because of this low filterability, the
general ly required washi ng step of the resulting precipitated clay

mneral is difficult to I n,. .a.technical scale. Lt is therefore an
Obj ect of "t he STBELh Pl B8 chisvaL i suitdbid, s OumEgShia of hudiermon wi 1 h
good filterabidddsy which are suitable as, e.g., 10 cracking conponents in

hydr opr ocessi ng cat al ysts. If clay mnerals are used as cracking
conponent in catalysts, it is essential that they conprise

B ted gcig . S] t hese. t | east tially

P ponsi bl o f & GSAEVERGGR: Al 156 FRY ymisraln gt WomSSRERTS B TBei] Betred aci d
it 15 ' ' h = h -
Csuch ag 5°"REr3BRG, SWiEh Wolcally 3¢ ditbyen2000"s ROBRLES B rofiialRir ! NS

conpensat e t héltration titaéi Bezaoye obf fthisi loiw diiterebily the tdenetdiby Sequitkdt hen
heating the whole. This grocess will result in amonia desorption,

| eavi ng a pr oMgRNING Step af the resulting peacinitatadgfayiminerais Afficpit & aaPl¥iones can
al so be introdueedniy cehbag %gtﬁé?gfo?@ an oB rtedf'fh%nﬁré@ew iVehighYabo! e
metal ions. Hydrolysis w1l then grve ydrogen [ons. I T nmust be
noted that thpsovide clagliké neterdls adthdcodBiifepabilitystisioh siré enitalsie @8| ¥.g.,
possible if the paterial possesses an overall negative charge and, 25
consequent? y, CRAEKRG F9AMANENtSID AVEFQArReSSNg eatalysls- be repl aced by

ammoni um i ons or hydrol ysable netal ions. In other words, a material can
only be used as cracking conponent if it is characterized by a cation-

exchange capalfiday fisietals are @sed hsicradkivip eompenenttin @asalyédts Cib iscédsehtal
that they comprise Brensted acid groups, since these are at least partially

responsible for the cracking ability of these compounds. Brensted acid sites

15  can be achieved by replacing the non-hydrolysable counter-ions (such as

sodium or potassium cations) by ammonium ions which compensate the

deficiency of positive charge of the clays and then heating the whole. This

process will result in ammonia desorption, leaving a proton to form a

Bransted site. Bronsted sites can also be introduced by replacing the

20 counter-ions with hydrolysable metal ions. Hydrolysis will then give

hydrogen ions.

It must be noted that this introduction of acidic Brensted sites is only
possible if the material possesses an overall negative charge and,
25 consequently, exchangeable counter-ions which can be replaced by
ammonium ions or hydrolysable metal ions. In other words, a material can
only be used as cracking component if it is characterized by a cation-
exchange capacity (CEC), i.e. if it possesses cations which can be

exchanged, e.g., with ammonium ions. To obtain a final catalyst with



exchanged, e.g., with anmmoniumions. To obtain a final catalyst with
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sufficient cation-exchange capacity, it is therefore necessary that -the
cracki ng conmponent which is incorporated into the catal yst has a
sufficiently high cation-exchange capacity. Further, as catalysts to
be used in hydroprocessing are generally calcined 5 prior to use and are
subject to relatively high tenperatures during use and regenerati on,
it is preferrsudfitioat catien-eathangeexxapacitye it dpathieraforef nehessary that Hivki ng
conponents is not dramatically reduced when b ect hi gh

t enper at ure. CME@”QMomﬁﬂﬁﬁhéﬂ‘iﬁ'boﬁe,'“@9{80@t%r}ﬂ1°igg I Qa%fyéi)gl?%sd 4n WO

96/ 07477 such : ; Ny % | a%ﬁgh-angeable counter-ions. However,
due to the po%l?ﬁmenﬂy?'gﬁlt%gﬁgﬁiee?fﬂtqy e?é%e lay mnerals, such an exchange

takes a | ong Fieraad datalysts to teeustidoinehydiréfrocedsing arepgerfenally caicined
commerci al _scale. A further object of the present invention I'icrerefore
consists di tpEorpdisesanshaes sekiact tp relativaly Dightempgratuies dypng.usgang i al s

wi th high catjon- Ngg ; | id [N [ -H%?\tg@”' ; unt of
the counter-i '(L)e%rséngo(E gh?ﬁt‘%ﬁﬁ@ﬁ@?#&%o"%ﬂ?ﬁegos| tl vgégé%tyggf e of the
clay-1ike matgiacking doaspdieats Isemdtairahatiyallyymdaged whenseing subjedted to

i ons which can gener ate hydrogen ions. 20 One further inportant
char act eri st i bigbftemperalidnei ng conponent is its surface area. For good
catalytic performance, a high surface area is essential. To obtain a

final catalyst with sufficient catalytic performance, it is therefore

necessar y1¢ hapstriéntionaskdboyed tHEpelag miinedal< prapareindVI86/0Z477 such asie
catal yst has a sufficiently high surface area. Further, for the sape
yoit

. .

reasons 25 Sapajiitesrcantain exchaageahls aovaterdens Heweyingue dagaginog
f dth - ' 3 I t
it | cal 1y Pleraplly 8rte My Biferds o ah MclirtiaRds ATTREAREIDA 1S O

therefore difficult to perform on a commercial scale. A further object of the

S

present invention therefore consists of the provision of easily filterable clay-
15  like materials with high cation-exchange capacities in which a substantial
amount of the counter-ions compensating the deficiency of positive charge
of the clay-like materials has been replaced by hydrogen ions or counter-

jons which can generate hydrogen ions.

20 One further important characteristic of a cracking component is its surface
area. For good catalytic performance, a high surface area is essential. To
obtain a final catalyst with sufficient cataiytic performance, it is therefore
necessary that the cracking component which is incorporated into the
catalyst has a sufficiently high surface area. Further, for the same reasons

25 as given with respect to the cation-exchange capacity, it is preferred that
the surface area of the cracking components is not dramatically reduced

when being subjected to high temperature.
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PCT/ EP99/ 05518 : 5 Cogel. of
the present VRW&B286n Surprisingly, it has now been foRGA/BPRUESSH |. t he
above- nenti oned characteristics can be achieved with a cogel
conprising oxidic conmpounds 5 of one gor nore trivalent netallic elenents
sel ected fromthe group of alum nium borium gallium chromum iron,
cobal t, manganese, vanadi um nol ybdenum tungsten, indium rhodium
scandi um or m xtures thereof, oxi di ¢ conmpounds of one or nore
tetraval ent netallic elenents selected fromthe group of silicon,

titani um gerMMg .t hereof, and 10 oxidic conpounds of one
or nore dival B ts which are not excl usively sel ected
from G oup VI 8lrprsinglyobitehast pbwi BeehefButid ., thaheali the abovémetlidhéd f rom
optional |y present saponite, the cogel is essentially X-ray anor phous;

b) the saponi charaetarislins @n ke achievedydth a sogel LOMMHiSiNgOXigic compatndshe c6gel

cati on- exchants o8y fifdbnt ke Glemens SHEbR fBES g Fodh of o
sodi um and pohffHhiLm, BOAUMI §aHuinN clhdeniGPY fbn 2cBBHN Mdn@ahess; vanadiukhan 0.5
wt % cal cul ated as netal, based on the total wei 8ht of the cogel . 20 As

set out abovemobdenumy dunasten, oindiuny Hodsemt s t OF mixtirepdhereef t he

present inventjqQn is essentially X-ra I WL P X= 1

Bror phoust © s HAR SRPRRER T e ob b8t BB e G SBhRhis oA hac no
crystalline pagisthar groganéfasim, | tRaMuf QfermdRlupmt 00 MidtuR¥sOBRrédTDBRAOUS
peaks are observed. The term "essentially X-ray anorphous” in the sense of

25 the pt@seaxidicropstnausds eéone arimoreagivalent metalichglesgiis whichparakot t here
are essentially no further ¢crys | ine peaks,visible [n the.X-ray
diffraction pﬁﬁl‘éﬁ%éiy sglec%p ffq{% C%Sé%}ﬁ]l' @n-@gg S@,etalﬁ}ga?lgmgpkﬁswhpfql%e peaks,
e.g., due to éﬁBFéﬂttfhﬁ‘ﬁ optionalyf 9$@§étntis@§bhﬁe,cmebo guighegtenbailciXtray are not

excluded by the term "essentially ray anorphous”. However, the term
"essential |y amomhous;

b) the saponite content C, of the cogel is less than 60 %;

15  c¢) the cogel has a surface area of at least 400 m?/g;
d) the cogel has a cation-exchange capacity of at least 0.5 wt%; and
e) the total of sodium and potassium contained in the cogel amounts to less

than 0.5 wt%, calculated as metal, based on the total weight of the cogel.

20 As set out above, apart from optionally present saponite, the cogel of the
present invention is essentially X-ray amorphous. The term "X-ray
amorphous” is well-known to the person skilled in the art and means that no
crystalline peaks are contained in a spectrum but only broad amorphous
peaks are observed. The term "essentially X-ray amorphous" in the sense of

25 the present invention means that apart from any saponite peaks, there are
essentially no further crystalline peaks visible in the X-ray diffraction pattem
of the cogel. Of course, small crystalline peaks, e.g., due to impurities
present in the cogel, such as brucite, are not excluded by the term

“essentially X-ray amorphous”. However, the term ‘essentially X-ray
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anor phous" WR08ARS¢ase excl udes cogel s which apart from sapmmtssmss:wnt ain
a major part of one or nore further crystalline conponents. Saponite peaks
generally include crystalline peaks |ocagted at 20[err](20), 35[err](20),

and 60[err](20), and optionally 28lerr](20). 5 The saponite
content Cferr] is determined fromthe X-ray diffraction pattern of
the cogel. Details will be described bel ow. To have sufficient

cat al yti c act 8WpPEfoupt in anyeeaserexchides isagels ivhichogpart fram sapmﬁlte centafrace ar ea

of at | east e Prefera t he s rface are co el

'S At | east as0dIpEhen pfous et iR hher s edswpon%??s% %00

mMerr]/g. general@smbmﬁetl?ﬁ!alﬁﬁé pBhlts RIBAIE. a’cazd""b'g‘é;)1 Qg?%}f)a' yst Is
ere ‘e pre

general ly calcined prior to its use. ed t hat

t he surface aanrchoptionaly28%260). cogel to be used as cracklng conponent in that
cat al yst es not decrease dramatically during calcination. Mxre in
particulary it is preferred that the guotient between the surface

area of the cpgelkagidiff ¢ ﬁt'@aq 8’&9 Q‘Hfr?rgltbse éfmyggg%&ﬁﬁ]p%ﬁ]e&rg ee hour

and the surface area of the un‘t Cl n coge Thi s

quoti ent wi | |theeodels Dgtails edlll bs déssribedtelow.ea ratio” in the 20 follow ng.
It is further preferred that the surface area of the cogel after
calcination in air at 550[err]C for one hour is at |least 350 nferr]/g and

nor e pr, I 0 t that a
coprecipitate {’)fq{ag?l é’ufﬂ&eﬁf@ﬁttarﬁ‘g &%ﬁ\réx gsesoanH?'vg]F{etrtl‘?é %8& ﬁ% &lic
el enent s KuchswafacBarefof alNleas?400 Re?/g. Mreferatsly GheGuriaos arsa of the cogar ti cl es

is disclosed jn EP 0097047. However, none of the coprecipi tates
is at least 450 m?/g and even more preferably, it is at least 500 m3g.

As has been set out above, a hydroprocessing catalyst is generally
calcined prior to its use. It is therefore preferred that the surface area of the
15 cogel to be used as cracking component in that catalyst does not decrease
dramatically during calcination. More in particular, it is preferred that the
quotient between the surface area of the cogel after calcination in air at
550°C for one hour and the surface area of the uncalcined cogel is at least
0.80. This quotient will be designated as "surface area ratio" in the
20 following. It is further preferred that the surface area of the cogel after
calcination in air at 550°C for one hour is at least 350 m?g and more

preferably at least 400 m%g.

It is noted that a coprecipitate of silica, alumina, and oxides of divalent

25 metallic elements such as Fe, Co, Ni, Zn, Be, Mg, and Cu on porous
particles is disclosed in EP 0097047. However, none of the coprecipitates
disclosed in this reference has a surface area before or after caicination
higher than 300 m¥/g. '



disclosed in this reference has a surface area before or after calcination

hi gher than 0 . WO 00/ 00286 -
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reference dealing with cogels, e.g., conprising silica, alumna and
magnesia is NL 7501204. However, the surface areas of the cogels

disclosed in this reference are all significantly below 400 nferr]/g.
Further, US 3,951, 864 deal s with such silica-al um na-magnesia cogel s.

However, after ' e reI vant exa e r ef erence,
the applicant APSEWH rgﬂ}/énr&[%hi%a\ﬂﬁ @’ (ﬁ chCBE@G‘lsme?’@an a!&‘l"@”% PEd |y
di fferent fromdghesiaomeiNLof750h204. HoW@v@Feﬂ{e 'sm»fgeé'éra il tr%g%&gél t hat

the surface area of the uncal ci ned cogel s alne exanpl es
i s significandisplosed dwthivcefaminge are Bl significantly bedvedd0re’/@il FusthdealSng wi t h

exanpi es of - A BATRAIE Wi PR Aumipanponesia Ciggl iowaysr et and i
Olear |y i f o ang pehOficateR oo bﬁf“”?ﬁ%"%‘i@éﬁ‘eﬁ%@ﬁeﬂ%n&he é‘ﬁﬁﬁ?&%uﬁ& "l east
in that the cthgéthe cogﬂlaudrsc{nsgdu thereimareg clearlg diffexeniofrémuthéccofeltdfehé ot al 15

f di d_pot t ot al ht of th . As h
been et out BIEGRBT AUERIPrs SL5sr ) oF 10 SUTacecabe aSies HBraINDR 699 esel ng

appl i cati ons. gbtained in %érﬁé’iéﬁ?éi@s ls[l[?gﬂﬁégrﬁgllti[és@v%élrﬁ’? W th simlar

cogels. This reference 20 ers to a cat used the dinerization of
propene conprising a supported nickel alumnosilicate. The catalyst is
pr epar ed reci pitatiogn of al um ni um and/ or nickel hydroxide on

t
silica ge Rg@ﬁ“&p refér encq ARDHASRIDaN RIS of elicasaluming Eme@agyesaat her nal

treatment. Thilssugqt 8/ ﬁgf&r on-nobl e
netallic el enent, a%d oﬁ 3 %l)evérgl val ent bﬁﬁﬁ ‘I[élf f %rr}eg\rl]&g%?r%dcrk Q
catalyst is ubyedlhe rapbychmpami:ﬁswasngound thatpgibo ths Idmgelswbnetleséu ime¢hisat al yst
i s sul phided either prior tog Ul‘ln?n use, ) .

reference 'are clearly different from the ‘cogel of the present invention, at

least in that the cogels contain significantly more than 0.5 wt% of the total

156 of sodium and potassium, based on the total weight of the cogel. As has
been set out above, such a cogel is not very suitable for hydroprocessing

applications.

Furthermore, DD 0152331 is dealing with similar cogels. This reference
20 refers to a catalyst used in the dimerization of propene comprising a
supported nickel aluminosilicate. The catalyst is prepared by the
precipitation of aluminium and/or nickel hydroxide on silica gel or X-ray
amorphous aluminosilicates, followed by a thermal treatment. This catalyst
thus comprises nickel, a Group VIl non-noble metallic element, as only
25 divalent metallic element. If such a catalyst is used in hydroprocessing
applications wherein the catalyst is sulphided either prior to or during use,
the nickel will be sulphided and removed from the cogel.
As nickel is the only divalent metallic element present in the cogel, this

means that sulphidation would remove all divalent metallic elements



the nickel will be sul phided and renoved fromthe cogel. As nickel is

the only divalent netallic el enment present in the cogel, this - means _
t hat sul phi datW®ep/ofeasl d renove all divalent netal lic el enent 2CT/EP9/05818V\O
00/ 00286 PCT/ EP99/ 05818
8 present in the cogel, leading to_ the conplete deconposition

t her eof . Consequently, the cogel of $D 0152331, or generally any
cogel , which conprises a Goup VIII non-noble nmetal as only dival ent
metallic elenment is unsui t abl e as cracki ng conponent in

hydr opr ocessi ngpregasiti inatheocogel, t leading 5to ttlhe:rcm‘mnleteeslsemmpaﬁtimm théreof.ogel of
the present invention that, it co valet rretalllc el ement
which is not e rl??ﬂ‘(}%“tB’ dbe é'@Q@gB @ﬁi@ggaﬁ" v genera eraslewhish aI I i c

el enents. com ed E'G(:%h ﬂilli%ﬁﬁio‘ \eE izt 38 Hn gf@i%l%h?ﬁ\@ dllfb él@ﬁ-eﬁﬂg
t he present 10 vention | sel ecte fromthe group o um ni-um or|
gal | ium cnmsumahlmas cmkmgomrhponernngamwkeprocasmm Lapphmiionbd&nsm

t ungst en, an ures the The

rTval ont Bt alhielors esSORaL MG Caal ob e Stes nverdion (et f caimprges a1 um
borium or m Xtdy. m and
nost preferably cai%st g?%"'%%% @gétevr‘{ﬁlegﬁ ;H/Bg%f%?ﬁd/n%éi %%%Inqe{éfﬁgéwzd#rbgbmgnt
metal | i ¢ el enemonawilemeatallic eletdemts. ° cogel is selected fromthe group of
silicon, titanium germanium or m xtures thereof. It preferably
conprises silicon, titani-um or m Xxtures t her eof rmre preferabl y

conprises sili e tRRALAD tﬁ{@feﬁé,ﬁgﬁtyc L $n the c the é@é preSdnt

silicon. The one or nore divalent netallic e enent s cogel of

t he presenttOi nimventiom Br geigetess didny thel gedigd dfr amrmomnﬁr boriurk) Igaliium,
metallic elenents such as, gref erably, magnesium zin¢c, nanganese,
copper, beryl | iGRMEM it uFRhalh HaaRgANese, Va”%‘@ﬁbnﬁlpbﬁbdeﬂ‘i‘@séu'?ﬁﬁﬁr@ oup

VITI metallic %cﬁﬁl’ﬁntrﬁo&lﬁ gﬁ@%red x{d?es \}FFT&SET‘% {fRafen rﬂéiaih?:/' I

non-nobl e netallic el erren non- no netalli
el ements are C@ﬂmhentopreienabbj comphis&s ualem;rtuhmr egafilium, bornhiuy\mrethms

| ndi cat ed abov?ﬁer%ag n?onrg p%ferng)t{h? cgrlng%eesnélur%?rgtgrlnl a:n% %ggtngrgPerably consists

15 essentially of aluminium. The tetravalent metallic element contained in the

cogel is selected from the group of silicon, titanium, germanium, or

mixtures thereof. It preferably comprises silicon, titanium, or mixtures

thereof, more preferably comprises silicon, and most preferably consists

essentially of silicon. The one or more divalent metallic elements of the

20 cogel of the present invention are generally selected from non-Group VIiI

metallic elements such as, preferably, magnesium, zinc, manganese,
copper, beryllium, or mixtures thereof.

Optionally, these non-Group VIii metallic elements can be combined with

one or more Group VIli non-noble metallic elements. Preferred Group VIii

25 non-noble metallic elements are cobalt or nickel or mixtures thereof.

However, as indicated above, the one or more divalent metallic elements

must not be selected exclusively from Group Vil non-noble metallic

elements. The non-Group VIl metallic element preferably comprises

magnesiumn and more preferably consists essentially of magnesium.



must not be selected exclusively fromGoup VIII non-noble nmetallic
elenments. T orb(az%oag oup VI1l netallic elenent preferably CO%@%&IS T
WO

magnesi um and nore preferably consists essentially of magnesiu :

00/ 00286 PCT/ EP99/ 05818

9 The mol ar ratio between the oxPdic compounds of the tetraval ent
and the oxi di ¢ conpounds of the trivalent netallic elenents of the
cogel of the present invention generally is at |least 2 and not nore
than 30. Preferred 5 are nolar ratios of at |east 4, even nore preferably
of at least 6._J|t is further preferred that the molar ratio js not

more than 20, W@@?éf@l‘hﬁ?@"%tﬁﬁo@@d'c compayids 1©f thedeisavalent andqBeat oni ¢
ratio bet ween Lgiconenge Y Br dhy 3figHbns metallE'dbhbfisCheRNSodngt fie total

of tri- andte aval én ic e con alnedln cogel of

the present ingeaehDinvehtion lgeherstip i§. aﬁaeastdz &n8 ot Horel ﬂhanssmrrerémrrredd t hat
this atomc ratio |lies between 0.10 and 1.00 and nore ér ferably
bet ween 0. 0 ad@ MOk ratios of at least4, avep mave prefesably obat lgpsk r’éﬁlfyﬂ%ﬁf | east

70% of the on I of

t he present 6@2% %Eg{h%éhe mo%’g&ﬁéﬁh\om u% ngzg @'ﬁ?hﬁeﬁ%{ébﬁﬁ%ﬁrﬂ er of 4.
This resul tS | thap M2o@dnéfally, the Gtemire rafio theewssroele onei shmdte divalent

count er bal anced by counter-ions. Dependi ng on the starting materi al s,

sodi um or pot ametallie ietarsentgyanst the é@tﬂhtOfaﬁl- and tejiayalest metalic elemepBer to

ke th | 1 f d t di
and pot asst um POaREJE thE bpdeitr i Bithely mupioR B84 beRes B g atitod
ammoni um ofg hygnglysrekes tABt is bedtfic AlioNRE betwee®®S1D 888 1000 aplalére UpoON

ammoni a desorption or upon hydrolysis of the hydrol ysabl e netal s,
hydr ogen ions Biefergblydreiwedan 012and® bl of hydr ogen ions of the cogel
can be indirectly characterized by determ ning t he anobunt of sodi um

ions and potassiumions present in the cogel. To 25 show sufficient
catal ytic acti@eh¥rdiipe 280888t BD%, refdrably hedsast 0% 00b thé % or more

trivalent metallic elements in the cogel of the present invention such as

15  aluminium has a coordination number of 4. This results in a negative
charge of the cogel, which is counterbalanced by counter-ions. Depending
on the starting materials, sodium or potassium ions may be present as
counter-ions. In order to make the cogel suitable for hydrocracking
applications, these sodium and potaésium ions have to be replaced by,

20 e.g., ion-exchange with ammonium or hydrolysable metal ions. As has
been set out above, upon ammonia desorption or upon hydrolysis of the
hydrolysable metals, hydrogen ions are generated. The amount of
hydrogen ions of the cogel can be indirectly characterized by determining
the amount of sodium ions and potassium ions present in the cogel. To

25 show sufficient catalytic activity the cogel must contain less than 0.5 wt% of
the total of sodium and potassium, based on the total weight of the dry
cogel. Preferred is that the total of sodium and potassium, based on the
total weight of the dry cogel, amounts to less than 0.3 wt%, more preferably
to less than 0.2 wt%, and most preferably to less than 0.1 wt%.



the total of sodium and potassium based on the total weight of the dry
cogel . Preferyggodoissd Nat the total of sodium and potassium’ based on the
total weight of the dry cogel, anounts to |ess than 0.3 wt %PGHEF/0s818

preferably to less than 0.2 w% and nost preferably to less than 0.1
wt % WD 00/ 00286 10

PCTI EP99/ 05818 10 As has
been nentioned above, high cation-exchange capacities are desirabl e

i n cracking applications. The cation-exchange capacity of the cogel

of the present invention is at least 0.5 wt% and preferably is above 5
1.0 wt % nore P§ has diglep mmnbionad cahavey Haginecatiohyexchhrge addpabities chrange
capacity of th‘?%s&rgg l.is I?(ss t han g_o W% Further, as has been set out
above, the cat]onagrc MR NGaRplICAtRRS. | Hae calien-exehancs eeracy :ofethecal | y

decrease when dydehof QiEBAbHI Rjeftioh RRIERH 0 Py, 2A DAY R J200N OF

use. Therefore, Is preferred that the quotie C

exchange cédpacl-Oywtls, mbee preferablyf atrve 0 oiitiat Gemerally, ahé catiomeRErRingkC f or
one hour cation-exchaB_(i:]e capacity of the uncal cined cogel is

and. th |

at | east 0.6 Capacityof e cage) srlesuan 10 widnsturther. astias beem setnoutwi | | be
desi gnat ed as apove, th b aﬁ,ag' b Qr. . rarig’ in the
fol | ow ng. 2 ovgurték:lg%tm%)?htép @%%Bﬁe erfrfehé ‘%ﬁi’ ?;P ﬂ@ﬁcr};ﬁ%méﬁﬁlgnge
f:apam ty of a desngdse Wﬁtfan d‘ﬂgbft:tmphratmr@s ard @ppmﬁﬁ d@yidufihg f@%ﬁ:ﬁrﬁﬁbﬂ\ Grl iS at

east 0.5 wt % nor refer 1.0 wt % and nost preferably at |east
2.0 Wt % use. Fﬁ?&ﬁ@?' is 'S%z%efﬁgéﬁ‘n Wat that qualient, between afhenicatiorcont ent
CA of the 1@o0edxchs : 9 ; I thessaponi te content
CAis less thar)l( C55n%/eo %an%dgg%?tﬁn%@egrgfé&eﬁéi%ﬁéﬁrnggsa}(q%#5@§$o°r\ethql‘§ further
preferred thatandhthescation-eéxchange capadignof 168 urscaldindd 86gellig%tassktrms e
preferably at |east 20% ., The saponi ontent CA of the cogel is

poni t e . cont e - .
det ermi ned by 37 A9Ge Prefaiakiy 2l leashO.2xphisi aatient will g slesignatesdast i on, it
is preferred t» ni ONt n Of  t oqQef .« cending to the
I nvention (er ?fﬁqn&%@?@@?hﬁﬁgéﬂi&)ﬁ%r e&brg}a&e(rsag?{)'/o | €95 tﬁ%aﬁd%}é‘" 5 %
still nore prdfusthalrhgre, disis préferred@hat thehoatisarsohdrgyecedpaeity ofkesaniple s

det er m ned b t hod. B,. ich will also be expl ai ned bel ow.
q5 y cgﬁzmedd in &ir %nr one ¥|VIOUI' at 550°C is at lgast 0.5 wt%, more preferably

1.0 wt% and most preferably at least 2.0 wit%.

Further, as has been set out above, the saponite content C, of the cogel is
less than 60 %. Preferably, the saponite content C, is less than 55 % and

20 more preferably less than 50 %. it is further preferred that the saponite
content C, is at least 10% and more preferably at least 20%. The saponite
content C, of the cogel is determined by method A, which will be explained
below. In addition, it is preferred that the saponite content of the cogel
according to the invention C, is less than 30 %, more preferably less than

25 25 %, still more preferably less than 20 %. The saponite content C; is
determined by method B, which will also be explained below.

The properties of the cogel of the present invention can be determined by
the following characterization methods:



The properties of the cogel of the present invention can be determ ned by
the follow n terization nethods: WO 00/ 0028

MRS 058% & Bidos 6PCT/EP99/05818 2)
Det ermi nati on of the amount of saponlte in the cogel Method A 5
The X-ray diffraction pattern of a mldl4 ground material previously dried
at 120[err]C is neasured in a standard sanpl e hol der using a

conventi onal powder diffractometer, such as a Sienmens D5000 0-0
reflection diffractoneter with nickel filtered Cu-Klerr]. radiation
(measuring conditions: generator settings are 40 kV and 50 mA;

di vergence and)&eternsinatidreof theidntount of s4pdriteGn hatdgiat ector slit) 10 The
scan range, expressed as 20, is 12[err] - 70[err] wth a step size of 0.05,

and a tinme per step of 20 seconds. Anor phous nmateri al present
I n the sanpl e\% yoes a broad peak with a peak maxi num at about
26[err](20), ereas peaks due to the presence of 15 saponite are |ocated

at about [Err]'l'hemea)pdﬁﬁ@ct@h pattemn @bauhudlgrgrrduWﬁidténéebb%u\éfytdhetd@ broad
peak at about [err] Using a (split earson VIl profile function and a

| i near backgr gAY is measyrpd i 6@?31'@@5(1(%3@'3 hoider sigingra oznmrenttcmal pawdarmi ne

saponi Lo 1 or OTadiheldh, guot, o8 L Sisfiens, B0 00 B4 lefich, Bifemait wii i s
defined as 10@fkél fifered Ou-Ke radistich ﬁxéésdnhﬁ conditich®!dine @rkséi{) ang' pt he

saponite peaks at about [err] I's the area o eak at

about [err] THE kKMarvk5himA; divexpérce and amths:caiﬂer klite @.5520.2anmtdetettdreslityi ne t he
saponi te 58 nt ei'ﬂe scan E'arr]geOfex;gr%gseC se l26 1&b~ 70° with a step size of 0.05°, and a

time per step of 20 seconds.

Amorphous material present in the sample produces a broad peak with a
peak maximum at about 26°(29), whereas peaks due to the presence of
15 saponite are located at about 20°(28), 35°(26) and 60°(26). The peaks at
about 20°(20) and 35°(20) show overap with the broad peak at about
26°(26). Using a (split) Pearson VIl profile function and a linear background,
the four peaks are fitted in order to determine their peak areas and to
separate the overlapping peaks. The amount of saponite C, contained in the
20  cogel of the present invention is defined as 100S / (S + T) %, where S is the
total peak area of the saponite peaks at about 20°(26), 35°(26) and 60°(20)
and T is the area of the broad peak at about 26°(26). The above will enable
the skilled person fo determine the saponite content C, of the cogel of the
invention. Below, a suitable procedure will be discussed in more detail for

25 convenience sake.

Details of the fit procedure:
Fitting is performed by applying the program PROFILE (v1.30) from
SOCABIM (represented by Bruker / AXS). The whole fit procedure is carried



I nvention. Bel ow, a sui tabl e procedure wll be discussed in nore detail for
25 conven Details of the fit procedure; Ltting is
per f or med bﬁgﬁ'{ plyi ng t he program PROFI LE (v1.30) from WF (.
(represented by Bruker / AXS). The whole fit procedure is carried

WO 00/ 00286 12

PCT/ EP99/ 05818 12 out in
two separate steps. In the first part of the fit procedure the fit range is

restricted t O%L}thr? f Eé&a%rateb 95 tl‘?t-]nﬁrs{ Bt top h%el?t %f@%@urqoﬁ%tfﬁ ?anget e se Cf)mjs

range, Vviz. [er

part of the frestnpredoteotueetamm)f-mgmmeange BAG the tHresl pbakd eateBlinl S
range and the peak located in this fit range, viz. the peak at about

[err] is fittthig.range, viz. theipeaks atsabqs&rzo%aa) 26%26) anqoasf@jmrefttm darried out

fol l th efd t stat defined: .1Q ff t
mdels a5, tRgeeor bAaF PRk brERd Rt Tt gLt resticlag i1 he A B 28) | for
the three 5pea.lg5 @Kzﬁh%e 5&d fHe ﬁéﬁ‘l}g&%at&) in thie"fk }ar{%‘)ﬁ‘i' th@}:eﬁfé‘@fabo

[err] (nodel , A. Pearson uncl'{tr on with

FWAM ( Ful | W&W(ﬂeb-ﬁa;lﬂtted Maxi mum) fixed at [err] and adj ustabl e
exponent set at, e.g., 1.1, 15 - nodel B: Pearson VII profile function
with FWHM fixed at [err] and adj ust abl e exponent set at, e.g.
5.8, of J nctron W th adjustable
| ef t and ri ghthenﬁ}gkeaar&ftﬁéﬂr{‘IB ?gmﬁﬂ%%a&én%&etr%%@ e.g., [err] and,

e.g., [err] 1)thepreftstatr.&3§eeﬁnedel y, and vmth adj ustabl e Ieft and ri ght
exponents set both [err] ratio is

at
set at 0.8 a) three@)lffqrﬁ%@%elar(‘s Baraég Cnata %ﬁf n@@dorathetﬂhélrﬁb@r&am*red[err]
for the three peaks at about 20°(20) (model A), 26°(26) (mode! B), and

35°(26) (mode! C), viz.

- model A: Pearson VIl profile function with FWHM (Full Width Half
Maximum) fixed at 3.2°(26) and adjustable exponent set at, e.g., 1.1,

15 - model B: Pearson VIl profile function with FWHM fixed at 9.0°(26) and
adjustable exponent set at, e.g., 5.8,

- model C: split Pearson VI profile function with adjustable left and right
halff FWHM parameters set at, e.g., 2.8%(20) and, e.g., 4.0°20)
respectively, and with adjustable left and right exponents set both at,

20 e.g., 0.6.
b) the a/a, ratio is set at 0.0.
c) three peaks are initialized at the positions 20.1°(20), 25.5°(26), and
34.7°(28), respectively.
d) the left-hand side of the linear background, which is located at the position
25 13°(26), is fixed at the intensity 1(13°) - 0.101(49°), and the right-hand side,
located at the position 49°(26), is fixed at the intensity 1(49°) - 0.101(49°),
where I(t°) is the intensity at position t°(26) obtained by, e.g., averaging the
observed intensity in the 20 range bounded by (t-1)° and t°(26).



respectively. d) the left-hand side of the linear background which is
| ocated at the position 25 [err] is fixed at the intensity | g -
0. 101 (49[ er rY¥P,%04%#d6 t he ri ght - hand si de, | ocat ed at RATERIYLILS on
[err] is fixed at the intensity 1(49) - 0.10l(49[err]), wher e

| (t[err]) is the intensity at position [grr] obt ai ned by, e.g., averaging

t he observed intensity in the 26 range bounded by (t-1)[err] and
[err] WO 00/ 00286

PCT/ EP99105818 2)
refinement i s 2 &fineaenbin camed Pudyir 18scyias wharaiméhe fixed) pﬁéﬁ'ﬁﬁtﬁfse?? ar e
kept fixed at |t REnBRGHIRS HhEsiekaliies Aads LR sl

§ areas o tal ned

are adjusted du e reri-nement procedu

wi th the above- dasadjusted dling theaefsementocddigef i t functlons of nodel s
A, B, and C are taken as the peak areas of the peaks at about [err]
(m)del A, [err] (nodel and [err] (nodel If either one or both

f th b d

't the Ief hiﬁwpa%%‘ém%errph@%‘ﬂ Wihitbe: a@a@%@eﬁgw ®'abSfdus PIMTELT
peak at about flugfibhs bEmbaEISH, B, kA d:@féiakeﬁta@,rthé@Ea@«ammﬁé@p@ké & and
(2) are carried out again ‘Wi th nodel al one and the thus obtained

peak area of about 2096260 i(mofieind}. i267{20) (m@dﬁlB)Bah@ 36YReh(raedel Ka. feitkerr ea of
the b d K Th t
DTSR Pl o R ol 00 RESNER V100

fit procedure r b%‘!ﬁ | S
defi ﬁed as fol ré(‘\’/vgﬁ)1 Bi’ﬁﬂ]é)@é& FQ%‘ hegt | neJ1 ?Q?Oteﬁgéfarpﬁécﬁfﬁgﬁéon
applied fdo tIpeapeasbaut 35H@0) i IS Iarger thar{ 5%(29) after Mmesmmt\ﬂtep?pmfanﬂ@} unction

wi t h adj ust abl e FWHM set at,, and adj.ustabl e exponent set
at, e.g., 2.4,arecamedgpt ?%”[V@W']"O‘F@ta glopg aé"@ltthﬁtth‘é’f tameg peakarea Bgak i's

initialized atyd REaRREH bPhddRl Blis taken as the peak area of the broad peak at
about 26°(26). The peak areas of the peaks at about 20°(26) and 35°(26) are
taken to be 0.0 in this case.
15
The second fit procedure is carried out as follows:
1) the prefit status is defined as follows:
a) a model D is defined for the fit function applied for the peak at about
60°(26) as Pearson Vi profile function with adjustable FWHM set at, e.g.,
20 2.8°(26) and adjustable exponent set at, e.g., 2.4,
b) the a/a, ratio is set at 0.0.
c) a peak is initialized at the position 60.2%26).
d) a linear background is deﬁnéd by the program and adjusted during
refinement.
25 2)refinement is carried out in 5 cycles as described for the first part of the fit

procedure.

The peak area obtained with the fit function of model D is taken as the peak

area of the peak at about 60°(26).



d) a linear background is defined by the program and adjusted during

refi nement.

25 2) refinenment is carried out in 5 cycles as descri

bed for

the first pawo mfooisee fit procedure. The pq@@,@w@gs]s

obt ai ned wi t
of the peak
PCT/ EP99/ 058

order's sake,

h the fit function of nodel Dis taken as the peak
at about [err] WO 00/ 00286
18 14 14

area

For good

it is noted that it will be evident to the skilled person to

sel ect the adjustable paraneters in the prefit status in such a way that
t he initial peak and the act ual peak match as closely as possi

It is furthe
find the
have been
Zero.

step is 40 s

ble. 5

r eV| dent t8$the 'l ed Rerson that if the prlggram does not

Fepgoass ﬁgkﬁbét»ﬁ n@teg thatibwil e avidant fo theski!

FepRndeet er s

ﬁ@'@?@m@%%ﬁg@%ﬁafaé‘éﬁfﬁ i éfr?E A L A

as descri bed irial pealand ﬂne/métbal peak nﬁah@h as Blpkelyex@opsibr) t hat the tl me per

i nstead of 20 s. nount of saponite C[err]

det er mi ned® ac#ds turtlp@r eyident to[tge,s}qllgg person that if the program does not find the

10

15

20

25

corresponding peak when the adjustable starting parameters have been

chosen properly, the area of this peak is to be taken to be zero.

Method B
The material is analyzed with X-ray diffraction as described for method A with
the single exception that the time per step is 40 s instead of 20 s. The

amount of saponite C, is determined according to

100R
25+R

£=

where R is the ratio between the background subtracted peak area of the
peak at about 60°(26) and the background subtracted peak height of the
broad peak at about 26°(28). The background subtracted peak area of the
peak at about 60°(26) is, e.g., obtained by applying the “compute single
peak” option available in the EVA software (v3.30) of SOCABIM (represented
by Bruker / AXS). Via this option in automatic background mode, a linear
background is drawn from 55.0 to 65.0°(26). The background corrected peak
area is obtained as the nomalized net area provided by the program. The
background subtracted peak height of the broad peak at about 26°(260) is
obtained by subtracting the intensity measured at 49°(28), which is taken to
be the background, from the intensity at the peak maximum of the broad
peak at about 26°(26).



where Ris the ratio between the background subtracted peak area of the
peak at abou‘%vo[(ﬁfoli 86and t he background subtracted peak hei ght of the --
broad peak a [err] The background subtracted peak ar FETRPPABIS
peak at about [err] is, e.g., obtained by applying the "conpute single 20
peak" option available in the EVA softwggse (v3.30) of SOCABIM (represented
by Bruker / AXS). Via this option in automatic background node, a |inear
background is drawmn from55.0 to [err] The background corrected peak

area i s obtai S i nor, I|z d net provi ded by the program The
backgr ound sugﬁgﬁm%@&@f ¥ 9 a‘@fa'?ﬁzég?oad peak at about [err] is 25
obtalned by stheisarhed drdJ16r 4 BaRPRY bikvigRaf by peg%d[éir:{do%ﬁépgté@ir[)e@ke” to

be the background, fromthe intensity at maxi mum o road

peak at about vigghe B.E.T. method (Kitrogero8d@eaption, p/p, range: 0.06 - 030)
PCT/ EP99/ 05818 b)
Determ nation of the surface area (SA) The surface area of a sarrpl e

previ ous| v cvagat & e ABOLA! sddircanéif! S5 TLAREE specificbiBn! B wlin, Tt od

(ni trogen adsorption, range:

present speci fespati tona cemalh wurfaee asszs dhisinoedrisothat thegsurfacevdred refers tor espect
to a certain surf%{ac&area this nmeans that t surface area refers to

the surface af&s r?"ﬁﬂ@é?ﬁluﬁéﬂic@éﬁrﬂa@p@ s, .¢., when jipsample sanpl e
has been cal chpeddupy eélcﬁgdtsgﬁt?rdﬁ)t ‘ﬂ{emd'é?é Ratidh Bh?héusrufrf%ﬁg %ﬁo’n st 1S

al ways specified to be t ace area o a cal ci ned sa c)

Det er m nat i on alwaystspecified ¢m be tiod aunficecaneawfiaycd|dihéyd sample. The cogel is
exchanged fhree tinmes with a 0.2 nolar NaCl solution during one hour
at a terrpé ature of 20[err]C. For each gram (dry base) of the cogel,

100 cnferr] OELN@@m igh! o‘?ﬂ'\é Catlon& : cgéggg%t)%&tyt(@:‘ ol utions is not

adj usted 15 ring the exchange. xchanged cogel is
washed wi th The cogekis exchahge thrbé dimeatewitam 0.2 melaeNal sofutiohedurngh wat er

using a sil Vezﬁe hour at a temperature of 20°C. For each gram (dry base) of the cogel,
100 cm® of NaCl solution is used. The pH of the solutions is not adjusted

15 during the exchange. Subsequently, the exchanged cogel is washed with

water until no chloride can be detected in the wash water using a silver-

nitrate solution. The amount of sodium incorporated into the coge! after

these exchange and wash steps is determined. The cation-exchange

capacity is expressed as gram sodium per 100 g of the exchanged cogel

20 (dry base).

When, in the present specification, no further specification is given with
respect to a certain cation-exchange capacity, this means that the cation-
exchange capacity refers to the cation-exchange capacity of an uncalcined
25 sample. Otherwise, i.e., when the sample has been calcined prior to the
determination of the surface area, it is always specified to be the surface

area of a calcined sample.



nitrate solution. The anount of sodiumincorporated into the cogel after

t hese exchange and wash steps is determ ned. The cati on-exchange - .-
capacity is wompeesed as gram sodi um per 100 g of the exchaRgrurmmgaB 2
(dry base). When, in the present specification, no further
specification is given with respect to a certain cation-exchange
capacity, this neans that the cation- 16 exchange capacity refers to the
cation-exchange capacity of an uncalcined 25 sanple. OQherw se, i.e., when
t he sanpl e has been calcined prior to the determ nation of the surface
area, it is afdysersfinstion ef the bmouht cfutrivalemt metallir elerénts with & ned
sanpl e. WO 00/ 00286

PCTI EP99/ 0581¢pordination number of 4 16 d)

Determ rat o . .
coor di nat i on RIAEPCgf O taleht AaE cEinefiE Al b SoBI AR e it o <
Wi th a coordi @ankasursiiethedtridd cogel. ilf isTdeemmirdore.g.nbydNVBd Iceae| . 1t is

determned, e.g., by NMR If, e.g., 5 alumniumis the trivalent
metal |ic & englminiuings dhetrivalestt rgtalic siament the amount of HgPIIKBMWIBR nunber

o mal 1 zeq 11 0PI nFRe(biA M betempingd SERATIRRTLTCC ST Cont a ni ng

slurry is filtered at a tenperature of 60[err]C 10 at 20 cm Hg
underpressure using a filter of approxi mat.elyé_ 100 cnferr] wth a bl ack
ri bbon - 589 &) Peterminetiamef theanornadized filigtian imeNfl e cher and Schnel )

to obtain a filter cak i I oAN
anount of 1. SAHi%%@gméo%?c@te}hﬁﬁg%ﬁvggesdﬁ%%gr%{]\# hag'%%%réngmt%\re of
60[err] C i 0anbdh LrPPYr @ticppreastiiecuding befiites ak apprukimhatetye 1@l covitwith @ he
surface is just 15 dry. This washing step is repeated tw ce,. t he

filter cake t hiackmibben d[a8S fitter (commercigy pyailable; gt sahle] em@%ﬂﬁé‘n 1.5
oL Sp!oerent = o B GO0 v, 5 JpRDES U bndedPTOCEA Yol ARLer] C
amount of 1.5 displacements of demineralized water with a temperature of
60°C is gently poured onto the filter cake and filtered until the surface is just
15  dry. This washing step is repeated twice. Then the filter cake thickness d,
in mm is measured. An amount of 1.5 displacements of demineralized
water with a temperature of 60°C is filtered until the surface is just dry. The
required time t in seconds for the water to be filtered through the filter cake
in this last filtration step is determined.
20
The normalized filtration time NFT is calculated according to the following

equation

t

NFT =——
1.5D

25
with D being the normalized thickness of the filter cake calculated as



required tine t in seconds for the water to be filtered through the filter

cake this last filtration step is determ ned. 20

normal i zed f,g‘f(??ﬂé‘{"‘f’%n time NFT is calculated according to th%mf"ﬁll’ﬂ”(%ﬁlﬁg
equati on [err] 25 with D being the normalized thickness of
the filter cake calculated as W3R400/.00286

PCTI EP99/ 05818 17 [err]

Thus, in seconds the NFT corresponds to the filtration tine in which 1
(vol ume) displ acenent passes through a filter cake with a normalized 5

t hi ckness of 1§ _nfnlmm) For good order's sake, it is noted that the
cogel of which thn)(,wﬁ is to be det erm ned nust not have been dried or
stored for a longer time but nust be a freshly prepared cogel. 10

f) Determ nation of the nolar ratio between the oxidic conpounds of the
tetraval ent ang of ,the trivale tallic t he ¢q el of the
atomc ratio &g'l & serends 3‘3\? ghtl é’ﬁﬁreﬂg’fso&g?h ?ﬂt{appn ung | 'Pa@dﬁ ent
metallic el emgpisinie) difSlacstaBht passes through a filter cake with a normahzed

5§  thickness of 10 mm.

For good order's sake, it is noted that the cogel of which the NFT is to be
determined must not have been dried or stored for a longer time but must
be a freshly prepared cogel.

10 .
f) Determination of the molar ratio between the oxidic compounds of the
tetravalent and of the trivalent metallic elements of the cogel and of the
atomic ratio between the divalent and the total of tri- and tetravalent
metallic elements in the cogel

15  The values given for this ratio refer to the molar or atomic ratio in the final
cogel and can be determined from the final product by methods known in
the art.

20 Preparation of the ¢ e present i jon
The cogel of the present invention is prepared by a process comprising the
steps of mixing an aqueous solution of a source of oxidic compounds of
one or more suitable trivalent metallic elements and an aqueous solution of
a source of oxidic compounds of one or more suitable tetravaleqt metallic

25 elements and an aqueous solution of a source of oxidic compounds of one
or more suitable divalent metallic elements; choosing the pH conditions in
such a way as to cause the precipitation of the oxidic compounds of di-, tri-,

and tetravalent metallic elements present in the mixture; isolating the



15 The values given for this ratio refer to the nolar or atomc ratio in
the final cogel and can be determ ned fromthe final product- by ..
met hods know'Q PP/00286 e grt, 20 Preparation of the cORZVERSS/O0SHR
present invention The cogel of the present invention is prepared by a
process conprising the st eps of mxll ng an aqueous sol ution of a source
of oxi di c conpounds of one or nore éw table trivalent netallic

el enents and an aqueous sol ution of a source of oxidic conpounds of
one or nore suitable tetravalent netallic 25 elenents and an aqueous
solution of a pgwpvtaéeocfonﬁadn@gcﬂwomdmagmum of di-, trier andrtetravalentbl e

o5 To cauce L IMHENE SRR, JF ETEAe (Salt i HbhhaS “sirtent v qfithe" * "
and tetraval enjredipitadé |Has sé&im@teauar@S@thgﬁbrtthsnramuaﬁd if elcdddanyg the

WO 00/ 00286
PCTI EP99/ 0581 &arrying out an ion-exchange treatment to reduce the total ofigbdium and

precipitatg c al nin he . ox ds of di - and_tetraval ent
netallic e errg)ﬁ s %5%) qtdggﬁ%%ggl?gggéf ﬂea%ém é%%ﬁgﬁ‘f‘ /E}t he
precipitate h@gsgggﬁrmeﬁqgawe,?ﬁt&rth@bg g&r than 60% and, if necessary,
carrying out an ion-exchange treatnent to reduce the total of sodiumand 5

potassium present in the final cogel to an am)unt of less than 0.5 w %
based on the tal wei ht 0 on- exchange t r.eat ment

preferably is 'PEr'PBIfE gﬁé&”%ﬁ\é?‘leé\%bw ds pe'form%%u%éuf"h@ VeY & 18f sodi um
and pot assi umrgdiREetHe war *&e ézmﬁh 4 %tak‘%.urﬁrmﬁgénmfn 'trgf%ogggga tQR?’ wt %

nore preferably less than 0.2 w % and nost prefera an 0.1
wt % basedOon anunt of leiss wearyAt3 wf%,t mere prpddrably less than 0.2 wt%, and most

preferably less than 0.1 wt%, based on the total weight of the cogel.

If without an ion-exchange treatment the total of sodium and potassium of
the cogel already amounts to less than 0.5 wt%, 0.3 wit%, 0.2 wt%, or 0.1
15 wt%, respectively, an ion-exchange treatment of course is not necessary.
If, e.g., the cogel of the present invention is prepared using sodium- and
potassium-free materials, a sodium- and potassium-free cogel results and
an ion-exchange treatment is not necessary. However, if the counter-ions
of the sodium- and potassium-free cogel are, e.g., metal ions with a low
20 hydrolysability, it may be preferred to replace these metal ions partially or
as a whole by hydrogen ions via, e.g., ion-exchange with ammonium jons

or metal ions with a higher hydrolysability.

By ion-exchange treatment is meant any treatment by which the sodium
25 and/or potassium ions, which act as counter-ions-in the cogel, are replaced
by ions which are the source of hydrogen ions. An ion-exchange treatment
can be, e.g., an jon-exchange with ammonium ions or an ion-exchange

with hydrolysable metal ions,



If without an ion-exchange treatnment the total of sodium and potassi um of
t he cogel oe&ﬂ%zs%rmunts to less than 0.5 wt% 0.3 wt% 0.2 wt% or 0.-1 15
W % respectively, >an ion-exchange treatnent of course is MST/ATE¥RS W,y .
If, e.g., the cogel of the present invention is prepared using sodi um and
potassiumfree materials, a sodium andgotassiumfree cogel results and
an i on-exchange treatnent is not necessary. However, if the counter-ions
of the sodium and potassiumfree cogel are, e.g., netal ions with a | ow 20

hydrol ysability, |t may be eferred to re ce these netal ion artiall
oy O YS R0 L, ek by Beapee GLANG UR RPReSs o 116 PERSEB) AIEgEN APEhtBmON: U
i ons or ' i ' r ahbi b :

i on- exchange st5§ é@tengﬁ}épéétﬁgfaﬁte t}g%lﬁ@q E%@ncg h%éplgg’l o\%\hlﬁ%ﬂ t? ﬁg hlsg(l)'!g Fﬁ‘r%nZS

and/ or pot as$0U Prafarabiy)itivd procesaof thelpresentiinvention i$ barried @k in fuch 1 epl aced

by ions which are the source of hydrogen ions. An ion-exchange treatnent
can be, e.g. 2Way 880 sseuidRFecagel thathiasa saranitacontent i fiessdban $§e

‘Ié"'cfl_lh E%glr L_%?g@n% (BE brdfQRbiy of less that'B0%Y 89¢ BPeterably more fhan 10%

nmust be assumed rdore preférlblyrhoeahan @0% . heisFushairefemeginthadihet protedshe
saponite content CA of the resulting final cogel is not equal to or higher
t han 60 ofgheppegsenhinventionds pasiedsatdn suple apvay aptoirasdhin afndls carri ed

out in such LAY, i to [ cont ent
Cerr] of | escgg?’h\g]ﬁ“\g§ a%@n{tg%') ‘S%H{ %PZ' P gﬁ%ﬁé&@%{’ @é&%’?ﬁ&ﬁaé%s%% and
preferably nitignh 2By, t8tmore préféﬂaﬂi(?rcﬁ s trimabd Y4 NPhie da'ﬁalﬁh 21@9(@ Hyt S .
further preferred that the process of the present invention is carried

out in sd€h éelﬁ&?nslaéhe satioeafiuthe stmiagfmatarialfs in sulelmgéwawnai the sapeniiet e
% 25 %
Tt P or s P 5 S BplodT i AP bEFte Batelle b fngy vy BBE, 20, 1,

the ratio of abbeegivint vardesTiiddpententiyfromthe imaftdriviiich kits prrepitatee

content Cferr] and optionally err] cannot beconme equal to or higher than
t he is isolated. However, it is also possible to chose the time after which the

It

precipitate containing the oxidic compounds of di-, tri-, and tetravalent

15 metallic efements is isolated in such a way that the above-given saponite
contents are obtained, independently from the ratio of the starting
materials. More specifically, if the ratio of the starting materials is such that
the saponite content of the final cogel could, in principle, become higher
than the above values, the time after which the precipitate is isolated must

20 be chosen short enough in order to prevent this. Further, the time and/or
the ratio of the starting materials is preferably chosen in such a way that
the saponite content of the final cogel does not lie below the above given
lower limits for the saponite content of the cogel. Generally, the time after
which the precipitate is isolated is held short for economical reasons.

25
Hence, with the process of the present invention the time-consuming
ageing step of prior art processes conventionally applied to obtain saponite

minerals can be avoided. Reaction times can thus be shortened



above-gi ven val ues, independently fromthe tine after which the precipitate
Is isolated. However, it is also possible to chose the tine .after .which-the

precipitate cHQ®0a8ag t he oxi di ¢ conpounds of di-, tri-, anaCrEPywossisent
15 nmetallic elenents is isolated in such a way that the above-given
saponite contents are obtained, indg endently fromthe ratio of the
starting materials. More specifical @ If the ratio of the starting
materials is such that t he saponite content of the final cogel could,
in principle, becone higher . than the above values, the tine after

whi ch the precicpnsidarablyswhiohl oft eaiirseist higbly advantdgesus feimoan enonaniical n or der
to prevent this.. Eu\;t.her, the tinme and/or the ratio of the starting
materials is pPg'In Pa\ﬂ?‘y' chosen in such a way that t he saponite content
of the final cogel does not |ie below the above given lower limts for
the saponite content of the cogel. CGenerally, the tine after whi ch the

preci pi tate i sTheotsafteny precipéate is ipoesent as ancaxueous ausperesiamef thé Toge!.
cess of resenf invention the tine-cqn '

hgei G St ep of ABIN S BrePasmiRTLoL &Y DIRPEAl BRAATPyIPRIS $ATIDE JSaRIeH v
saponi t e fiffals], S apRSRGRC WA ASH beBRMELhE tndt WRR & Brdddés dfthe

short ened
PCT/ EP99/ OS818present invention cogels can be prepared which have2@ far better

consi der abl y, ich of course is highly, advant ageous from an econon cal
poi nt of view ¥={5‘]"‘”3'3‘""3’ theg thesmateraly BL’é&“ g&t"@ | RFOERES; SRpcriRedain \31 eous

suspensi on of 487699 5ihere Befcs fitfatloRCarPbGBAE Ube T BlriSiridy MdibAlss e

precipitate can be isolated via singly, Tt has now
been found1@® haposiitilé td lvenpideratdy shbrterinéhe time meceseaty fontesseparatiogef s can

be prepared which have a far better filterability than the materials
obt ai ned by t h&'eMees faiidskre Washing pigsedure oliberage W\Héﬁ@ sysesuent

filtration an el j < r . j, tos | o]

consi der abl y s PeRaRgERyhiEn RECHIRERE oo el biotly Fbourdin Withind

nmot her | i qui d, ptdvessvatthienpresentindemtnotodgdiecambelgbtaindd with = Giterabilitynt

| on- exchange, which of course is econom cal Ieﬁ_ hi g]hlgl fav?urabl e. Wth the
expressed as normalized filtration time NFT, preferably of 1000 s or lower,

15 more preferably of 500 s or lower, and most preferably of 200 s or lower.

Optionally, subsequent to the ion-exchange a calcination step is performed.
This can suitably be done at a temperature of 350° - 900°C, preferably of
400° - 800°C for a time period of generally 0.5 -8 h.
20
The cogel of the present invention can be obtained by, for example,
a) simuitaneously mixing an aqueous solution of a source of oxidic
compounds of one or more suitable trivalent metallic elements and an
aqueous solution of a source of oxidic compounds of one or more suitable
25 tetravalent metallic elements and an aqueous solution of a source of oxidic
compounds of one or more suitable divalent metallic elements;
b) choosing the pH conditions in such a way as to cause the precipitation of
the oxidic compounds of di-, tri-, and tetravalent metallic elements present

in the mixture, and



process of the present invention cogels can be obtained with a
filterabilit%Y'_ expressed as nornmalized filtration tinme NET ref erably
of 1000 s or YOO8 5 ppre preferably of 500 s or |ower, ah Ahgsgfossw_

preferably of 200 s or | ower. Optional Iy, subsequent to the

i on-exchange a cal cination step is perfojqed. This can suitably be
done at a tenperature of 350[err] - 900[err]C, preferably of 400[ err]
- 800[err]C for atime period of generally 0.5 - 8 h. 20 The cogel of

t he present inyention can be _.obtained by, for exanpl.e, a .
i mul t aneous| f\fﬁ"ﬁ@tﬂ’@ lgﬁ Tesiliea PresRitAe GAntining Q&HB’S@‘:&PW“H% of di-,

compounds of GRS Ay KR ekt ABRict ElHRARL! i EIRLLLIE BAIBRP e sapehien

t.
aqueous sol ution a source of oxidic corr'pg one or nore suitable 25
tetraval ent neoatdnt C ebetrenpeecipititahaschesnose squalt fooor bighar teur 8@ % oxi dic
conpounds of one gr nore suitable divalent netallic el enents; b)
choosi ng the RAA9cBAECESHN in such a way as to cause the precipitation of

the oxidic Com%ﬁ@%fiha,%reggr/\%g;}ggesﬁm'ﬁ%d%é% StaPbPEB@LM Present

in the m xture

PCT/ EP99/ 0581&nd potassium present in the final cogel to an amount of lesdlthan 0.5 wt%,)

I solating the resulting precipitate containing the oxidic conmpounds of di-,
tri-, and tet asad ontthadetal weightpiihemogel.i f applicabl e before the saponite
content CA of the precipitate has becone equal to or higher than 60 %

and, if necessary, 5 d) carrying out an ion-exchange treatnent to reduce

the total of sg@imutively, thextshe) of drspresentiasattioni cant eeofitaimed bypgel, to an
anount of |less than 0.5 w % based on the total weight of the cogel.

Al ternati V8l y,a)t HEdiagerusly MidNGras ARUSOHS eRINEN naboybe aPhodidiy, Te. g.
oS ot SAEMERST b0, B SRR RO AP aRrauiEf b
aqueous solution of a source of oxidic compounds of one or more suitable
tetravalent metallic elements
b) optionally choosing the pH conditions in such a way as to cause the
15 precipitation of the oxidic compounds of tri- and tetravalent metallic
elements present in the mixture;
c) optionally isolating and washing the resulting precipitate containing the
oxidic compounds of tri- and tetravalent metallic elements;
d) subsequently adding an aqueous solution of a source of oxidic
20 compounds of one or more suitable divalent metallic elements
e) choosing the pH conditions in such a way as to cause the precipitation of
the oxidic compounds of di-, tri-, and tetravalent metallic elements present
in the mixture,
f) isolating the resulting precipitate containing the oxidic compounds of di-,
25 fri-, and tetravalent metallic elements if applicable before the saponite
content C, of the precipitate has become equal to or higher than 60 %,

and, if necessary,



aqueous sol ution of a source of oxidic conpounds of one or nore suitable

tetraval ent (i‘al lic elenments b) optionally choosing the pH-condi t.i.ons
in such a vva? WS ause the 15 precipitation of the oxi ®C3/EPosesnds of
tri- and tetravalent netallic el enents present in the m xture; c)
optionally isolating and washing the resylting precipitate containing the
oxi di ¢ conpounds of tri- and tetravalent netallic el enents; d)
subsequent | y addi ng an aqueous sol ution of a source of oxidic 20

conpounds of OEIe or. nore suitable divalent netallic elenents . e)

choosi ng the FHCEEWRGPYAN ion-exchange legatment tp seduse thadotal ofisedium i on of

el o s G PR s m Hreseritlih hé edifldtd 6 ofdH ofT Rlst il o0& By DL CT !

in the m xture, at'i e resurtrn hing the
oxi di ¢ conpoubdsedén dhe totalveitint of theaprbcipitateaval ent netal lic el ements if

applicabl e before the saponite content CA of the precipitate has
becone equal to or higher than 60 % and, if necessary, WO
00/ 00286

PCT| EP99/ 058 1gt must be noted that in the secondly specified preparation process, the ion-

carrying out earchangeelxedtaregt chnengorbatcaried eduaert §tep ) tidtead of @ftbtim
and potassium present in the precipitate of step d) to less than 0.5 wt%

based on the &&pPd)- Hpweyar brthiseaserease prusibe taken i the|furtharsteps: exmt ed t hat

et ment can Al Se R ARG & REBRAT apoiTpssilin o top el % o)

f). However, finaltdopel isamt irtreasaaiListabade tivk BBsitdd Vdnge. fitthis'eoutd B8%he €. 0.
during st e) that the anmount of sodium and potassium of the resulting

final cogtf iSasfetan pepiigsalianexabanae ttraatmest aBer stepud. wodldtbecomshoul d be

h : j 4 Lon: - af f | d
becore - REEesRH) b fdbe ARSI AR B BB BBt Flles Rl pr esent
in the final cogelto tegddsifed vidhge.desired val ue.

g9)

Further, it must be noted that in principle the order of the process steps is
15 not critical with respect to the addition of the sources of oxidic compounds
of di-, tri- and tetravalent metallic elements. It must be noted again that
independent of the order of the process steps, at least before the isolation
step of the precipitate of the oxidic compounds of di-, tri-, and tetravalent
metallic elements, the pH conditions must be chosen in such a way as to
20 cause the precipitation of the oxidic compounds of di-, tri-, and tetravalent

metallic elements present in the mixture.

The choice of the desired pH conditions can be effected by, e.g., adding
the sources of oxidic compounds of di-, tri-, and tetravalent metallic
25 elements to a water heel which has the desired pH. Suitable pH values can

be determined by the skilled person by simple routine experimentation.

For economic and environmental reasons, the precipitation conditions are

preferably selected so that at least 80 wt%, more preferably at least 90



Further, it nust be noted that in principle the order of the process steps
is 15 not Wodejogak With respect to the addition of the sources of oxidic

conmpounds of di-, tri- and tetravalent netallic el enentf&T/HPP9 ‘ﬁﬁ@t -be
not ed agai n that i ndependent of the order of the process steps, at

| east before the isolation step of23he precipitate of the oxidic
conpounds of di-, tri-, and tetraval ent netallic elenents, the pH

conditions nmust be chosen in such a way as to 20 cause the preci pitation

gr eﬁngﬁt SXIp?L,‘SEI‘]t 4 thereﬁﬁ:re‘?érably@t least%ﬁlﬁff%m rﬁ%set re{eﬁ%bi&gg eraétoéegH

condi tions cant%ef & tivaledt, igtravalent, arrOdivaient metalﬁdﬁéle&@ﬂﬁé?%ntﬁﬁxe&’ﬁ dic
conmpounds of 'gl-, tri-, and tetraval ent netallic 25 el enents to a water

heel whi ch hal§ertiae siatedalppre pigctristes. pH val ues can be determi ned by
the skilled person by sinple routine experinentation. For econom c
and environnental reasons, the precipitation conditions are preferably

sel ected $0 tWith intrehsingtre8&tiort fm i VO
sel ect ed intrebsingtre8&k PEYERIASS, SeaEMH ¥Rk ér@as?{orf?éﬂ%%_rlst;gpgg/ 05818

23 wepnsidesed pisferaplecdtpaasty qutdbe reaction @ temperaturesmbove6@er abl y at

| east 98 0 ri tetravalent ang  divalent netallic
el ement s contaq%ogf?{?bw%ba @Lété?tqrﬁﬁ' t Bri RISSIR 1By AMpeHh g 5
W th i ncr easi regcticrpéfithe préseiip Avahtié Bnd&tRfdrbBrrhalBohdRfopsShor tened. It is
consi dered preferable to carry out the reaction at tenperatures above

60[err] C and preferably above 70[err]C In principle, it is possible

Lo carty 81t Hisource of bRAR' (Mpdlinds8} deSrhbre fHvaleht AetslRE Sembbed Ot Ner ™

applied in the process of the present invention preferably comprises a
source of oxidic compounds of aluminium, gallium, or borium, more
preferably comprises, and most preferably consists essentially of a source
of an oxidic compound of aluminium, preferably aluminium sulfate, or
15 sodium aluminate or mixtures thereof. The source of oxidic compounds of
one or more tetravalent metallic elements applied in the process of the
present invention preferably comprises a source of oxidic compounds of
silicon or titanium, more preferably comprises and most preferably consists
essentially of a source of oxidic compounds of silicon, preferably sodium
20 silicate or potassium silicate or mixtures thereof. The source of oxidic
compounds of one or more non-Group VIil divalent metallic elements
applied in the process of the present invention preferably comprises and
more preferably consists essentially of water-soluble salts of magnesium,
zinc, manganese, copper, or beryllium, or mixtures thereof. Most
25 preferably, the source of oxidic compounds of one or more non-Group Vil
divalent metallic elements consists essentially of a water-soluble salt of
magnesium, such as magnesium sulfate. These water soluble salts of non-
Group VI divalent metallic elements may optionally be combined with one

or more water soluble salts of Group VIil non-noble metals.



10 The source of oxidic conpounds of one or nore trivalent netallic

el enent s applied in the process of the present invention preferably.
conprises a WOOGBfce of oxidic conpounds of aluninium gaRGWERPOSHS
borium nore preferably conprises, and nost preferably consists
essentially of a source of an oxi dig conpound of alum nium preferably
alum nium sul fate, or 15 sodium alum nate or m xtures thereof. The source
of oxi di c conpounds of one or nore tetravalent nmetallic el enents
applied in the process of the present invention preferably conprises a
source of oxidic conpounds of silicon or titaniun1 nore preferably
conpri ses and % | # f of
oxidic corrpoun.g‘s}as(tg?(%gfJ ﬁ@ﬁmgﬁg eraE')LfSe m B'prg éllc?gtoen%ﬁpgg)oﬁgsm um

silicate or mitdvalestsmehailieefemdrite @dttheemolbr @malint of the soorpoofneiddiof one or
nore non-Goup VIII di vaI ent netallic elenments R\ plied in the process

of the presentCAMmRAMASoRT BNSr BF 4BPFP tadrayrlesbgnatalic elements @eperalivriabl y

rangancae, Seontisnoh sueh 1180t pRfertpth skl fe PR R pomeourtsh: o, oy

the source of and dirc n&g@pwmt@ﬁ_ ARGy didmhentsoRnt ewp resliting oxidigi val ent
netallic elements consists essentially of a water-soluble salt of

magnesi um s umr%p,owrdg nekionf sulmeeetrivaigat enelatlier eleBents erasgnt &n dhenon-

or mor e wat or 81 0BeEn < 2 TgR S Bl of ForR Bl R et lfigf B el BEet ", e

00100286 and most preferably at least 6. 1t is further preferred that the mclarpﬁﬁdtﬁﬁ991058 18
24 The nol ar anmount of the source of oxidic conpounds of one or
nor e 10r i afl thatsopeaas) of exidicemnosnds @re Ishosen grchihaltie srolarHatidour ce of

generally is eRE T tesiRotix P bR 8 o OB lrhv o il ng

oxi di ¢ _conpounsiemehts and BB ereBUItINGT exidiet domvgdunde ofebad |drcmeteetidalentand t he
resulting oxidic ounds of one or nore trivalent nmetallic elenments

present in t hametallic eleme s present in the product cogel is not more than 20, more

preferably not more than 12. Hence, in the case of the preferred aluminium

15  and silicon, the molar amount of the source of alumina and the molar

amount of the source of silica generally are chosen such that the molar

ratio between the silica and the alumina present in the resulting cogel is at

least 2 and not more than 30. Generally the sources of oxidic compounds

are added such that the atomic ratio between the one or more divalent

20 metallic elements and the total of tri- and tetravalent metallic elements

contained in the product cogel lies between 0.03 and 1.00. it is preferred

that the sources of oxidic compounds are added such that the atomic ratio

between the one or more divalent metallic elements and the total of tri- and

tetravalent metallic elements contained in the product coget lies between

- 25 0.10 and 1.00 and more preferably between 0.20 and 0.50. If desired, the

amount of oxidic compounds of one or more divalent metallic elements

contained in the cogel can be reduced by an acid treatment. An acid

treatment in the sense of the present invention is any contacting of the



product cogel is at least 2 and not nore than 30 and preferably at |east 4
and nost preferabl at least 6. It is further preferred that the nolar -
anounts 10 WE‘}/%urces of oxidic conpounds are chosen sUH/EMYPSSIhe
nolar ratio bet ween the resulting oxidic conpounds of one or notre
tetravalent netallic el ements and tj8e resulting oxidic conpounds of
one or nore trival ent netallic elenents present in the product cogel
is not nore than 20, nore preferably not nore than 12. Hence, in the

case of the refe al um. nium 15 an i,licon, ar anou f the
Cource of o brdies! Wik %@cw shen 2 wila et the SouRbOCaTRiccrasmPaINS <3

general |y are &hoseR ﬂalémheﬁahﬁ éf@héﬁts ,s reduE:éU Il 0 between the silica and
t he al um na present |n t resulting cog | east 2 and not nore
than 30. Generally the sources of oxidic corrpounds are added such that
the atomc ratio between the one or nore dival ent 20 netallic elenents
and the total of tri- and tetraval ent netallic elenents contained in
the productg % sRhend 1.00. It is preferred that the
sour ces of oxi . added such that the atomc ratio

il (
bet ween t he O%SDCatH@'BEactdr@hgmcb theeinvkhiion al leastndampriséstthe cogéladf thé t ri-

and tetravalent netallic elenments contained in the product ¢ r% I | es
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netallic elenents nt ai’ne can an acid
treatment. An ragtatlic form bf aaé nmstal,i itstdmfasmm of 1t§f‘@1lﬂih‘693@m, d:m\aa;nt ion is

any contacting of the WO 00/ 00286

PCT/ EP99/ (1831 gntermediate, depending on the situation. 25 cogel
with an acid in such a way that the amount of oxidic conpounds of one
or nore divalent netallic elenents is reduced. 5 Catalyst of the

oo\ g ToneopeEr ety s s Q0 1 Eacod len et e
conponent. As WiBI |ang e Geanpy aAt me?als and mixtures thereof. The Xatureg%P e}thl on meta

hydrogenation metal present in the catalyst is dependent on the catalyst's

15  envisaged application. If, say, the catalyst is to be used for hydrogenating

aromatics in hydrocarbon feeds, the hydrogenation metal used preferably

will be one or more noble metals of Group VIil, preferably platinum,

palladium, or a mixture thereof. In this case the Group VIl noble metal

preferably is present in an amount of 0.05 - 5 wt%, more preferably in an

20 amount of 0.1 to 2 wt%, calculated as metal. If the catalyst is to be used,

e.g., for hydrodesulfurization and/or hydrodenitrogenation, it will generally

contain a Group VIB metal component combined with a non-noble Group

VIl metal component. In that case, preference can be given to the

combination of, on the one hand, molybdenum, tungsten, or a mixture

25 thereof with, on the other hand nickel, cobalt, or a mixture thereof. The

Group VIB hydrogenation metal preferably is present in an amount of 2 to

40 wt%, more preferably in an amount of 5 to 30 wt%, most preferably in an

amount of 5 to 25 wt%, calculated as trioxide. The Group VIii non-noble

hydrogenation metal preferably is present in an amount of 1 to 10 wt%,



to the skilled person, the word "conponent” in this context denotes the
metallic formof the netal, its oxide form or its sulfide.form or any 10
i nt er medi at ewodwpeasdi ng on the situation. The hydr ogerairemssi@t al s
are selected fromthe Periodic Table's G oup VIB and Goup VII1L netals
and m xtures thereof. The nature of the hydrogenation nmetal present in
the catal yst is dependent on the catal ¥ot's 15 envisaged application. If,
say, the catalyst is to be. used for hydrogenating aromatics in

hydr ocar bon feeds, the hydrogenation netal used preferably will be one

or nore nobl emomrs ptefer@blyGnoan ardunt dfrEt &g sty dalowldteédias oxide. Bahé adi um or
a mxture thereof. In this case the Goup VIII noble netal Béeferabl y

is pr esent i rcaalvsinis datbeorses thydTgcrﬁEW@Q r&ﬁrre"dph\édl’@ﬂ'abkipg.i useawilp anount

ol g tor hydrate ShieRtte?s ol VIRbAbE Mol 8FerRilon 7 ol YFT

general |y meRP @ aGRuF\IN AoV inBbEhétal. conmponent  conbined with a
non- nobl e G oup VII1 metal conponent. In that case, preference can be

given to the conbi nati on of, on the one hand, nol ybdenum tungsten, or
a mxture 25 r egf on_the other hand nickel balt . or a mxture
t hereof. The ﬂ% %°€§' u‘\# @Fspﬁﬁa?to@gﬁaff%ﬁomsaa;{?g\ﬁ&'f yr?%er@r 88ent in an
amount of 2 t@mpared 4AthMv&li-kREWE apfdw‘ eémbbueﬁt@ sABh &0 ta-Alhmind Bnd0 Wt %
nost preferably in an anount of 5 to 25 w% cal culated as trioxide.

The Group VI |Zeolites-indbalethey enahgedm@gmdmgmtlaemettalprasf éesepbed iaboye esent i n

?,ET?EESS; Ogg 1té tgeoln%:(c))rpvc\;t ted into the cog\eqotsew eor instance, cobalt o::zglckel may e

preferablqg i rb@Ere%aaﬂaé dRfajeht metaé ‘@en@éﬂt%'tﬁé ee%asupesm@eto bé dchige
catalyst is to be used in hydrocracking o ydrocracki ng, use wll be

made of eit hefer diydragepation,| alhoblparthet &heser nutaisrdannaelcmvmeda ipoaip VI B
nmetal and a & VI.I 1 _pon-.nobl e_cogel.s the present
Mvent | on postasticelly scllaRRE. Sriahte dahe. o.0. BYmsERaa irdUrtbERr knonn
aci di ¢ conpongimMdatisHC fordSnstarideC whehUtHeN@aftilbt is sulfided under reducing
conditions prior to use. Alternatively, the hydrogenation metails can be

15  incorporated as counter-ions through ion-exchange.

In addition to the cogel of the present invention, the catalyst may comprise
support materials, e.g., alumina, silica, silica-alumina, silica-magnesia,
zirconia, titania, silica-zirconia, silica-titania, clays, molecular sieves,

20 aluminophosphates, and mixtures of these materials. These support
materials can consist of matrix materials which function as binder for the
cogel, thus improving the attrition resistance of the catalyst particles, or as

" filler material, acting as diluent of the cracking activity of the cogel, thus
making it possible to regulate the cracking activity of the catalyst. On the

25 other hand, these support materials can also add a catalytic activity of their
own to the catalyst according to the invention. For example, the
incorporation of silica-alumina or a molecular sieve component into the
catalyst composition will add a specific cracking activity to the catalyst

composition. The amount of support material which is present in the



zeolites in that they enable the hydrogenation netals as described above
to be incorpwﬂg’ﬁ 8iﬁnto the cogel itself. For instance, cobalt or nickel
my 10 be preé’ #6as divalent metallic element in the COCRET/ER/0FA%er to

be active for hydrogenation, all or part of these netals can be
converted into a catal ytically actjye phase. This can be done, e.g.,
by nmeans of reduction or sul fidation, for instance when the catal yst
is sul fided under reducing conditions prior to use. Alternatively, the
hydr ogenat i on tals can.be 15 jncorporated as counter-ions through
ion-exchange.c""qae'y(sat Comosiian ??W'PS?‘P By l°%W’ﬁﬂ¢@eB¢é’§e‘F$thﬂﬁWhtion, t he

catal yst my Sy $Raterials §ﬁé°§€ﬁéraﬁ}itp?é§e?ﬁ Sn tﬁe?clattgiggt';m 2??? Ipigééﬂ?a

silica-alum na, 'silica-nagnesi zirconi a, | rconi a,
si | i ca-titaniiayentiony#, antdraountaof §i-e9G wt%2 CcalcutdtedrionofHeosit @F .thand

m xtures of these materials. These support mat eri al s can consi st of
matri x mat er i GARYRHTAPPISHAY iFOR eXamplen aalalystsare pavisaged gapfaining Mis

i mproving g h I Jfi | 81 ; riicles, qr. as
filler mater %?ﬁ%c%fitﬁ%cg@ﬁﬁ%m §¢ hiﬁgﬁggh%wg@ﬁ*ﬁe@ﬁ@Pgtth% cogel ,

t hus nakbaigndet a posmarbmaterial aeing a¢ Bindéiller. Sifitable Apbbriniatedis t he
catalyst. On the 25 ot her hand, these support materials can also add a

catal ytic act3&ng\asindesifiler matrig faterals ee.cfor axgmplecaluminagsilica, t he
i nvention. F a ; : ' r Lon: of siliga-alun na or a
Irm?/ecu: ar si g&%ﬁéb%%%gﬁ%a?'nwgh ta}l{jenQiFlg d%%ga{"gl%%'s %@ﬁﬁh@?ﬁ%ﬁb@ﬁﬁ ﬁ'ne add a

speci fi c cradmogntach support trmateHals catalcgtiiytic crackisgmasivity il dEpen@nount  of
support terial which is present in the WO 00/ 00286
PCT/ EP99/'§5814pon the activity desired. If these types of catalytically activep Bupport

LAl ver . . . . o | :
Funct ) on, - AateLERMB RGN thel IréBRaHy AR R 20 APET YD AT at yst o
the present wt%, cailduiatetiiomnth'eM@th&fmh@bam&/sﬁcomﬁ@smﬁr%m&é';ﬁ‘éfe?élwl on the

wei ght of the cat alilst conposition. For exanple, catalysts are
envi saged cor® &Ameuntet 20 550 ¢ anQfcotirsen eatalygtsl comprsingitwis types of
hydr ogenati o I . . I support materi al
acti ng ag. bi niBPre T ERe &Y plspMAVshaSs n g ar P fEnfor
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Optionally, the catalyst can further contain other components such as
phosphorus. It will be obvious to the skilled person that phosphorus can be
incorporated into the catalyst in a suitable manner by contacting the
catalyst during any one of its formative stages with an appropriate quantity
20  of a phosphorus-containing compound, e.g., phosphoric acid. For instance,
the catalyst can be impregnated with an impregnating solution comprising
phosphorus in addition to any other components. If the catalyst according
to the invention contains phosphorus, this compound preferably is present
in an amount of 0.5 - 10 wt%, calculated as P,0,, based on the weight of
25 the catalyst composition.

The catalyst according to the invention generally has a specific surface
area in the range of 50 to 600 m?g, preferably in the range of 100 to 400

m?/g (after calcination).



acting as binder/filler matrix materials are, for exanple, alumna, silica,
titania, and zirconia, with alum na generally being especially suitable.
The ansuoneo/ooisssupport materials with catal ytic cracki por/eesoiossisy w | |
depend 10 upon the activity desired: If these types of catalytical-ly
active support materials are present, they preferably are present in
an anount of 10 - 80 wt % cal cul #8d on the wei ght of the catal yst
conposition, nore preferably in an amount of 20 - 50 wt% OF course,
catal ysts conprising two types of support materials are al so

envi saged in the present invention. 15 Optionally, the catal yst can
further contain other conponents such as phosphorus. It wll be
obvious to the skilled person that phosphorus can be i ncor por at ed
nto the cal abysloibaheid LAGNS: SEARRo RyeiRldiftbhnd the cat al yst
during any one TS TOITNMALI Ve Stages W Lh an appropriate quantity 20  of
a phosphor us- Thetcatayst aiccaniinguiadthe cngentiopheesspbe prepared dn sBweral waysance,

the catal yst can be inpregnated with an inpregnating sol ution conprising
phosphor us? i nFarimstansa, tds aRgsiblerterextwApdhemoge! into palices; £plse thecor di ng

to the inventj R E@Q.I | AS: I | mg},g}g e 1S ~Present

I n an anount %’%} . -’%mﬂ?fi%;?éﬁg?fg@egséﬁerr gg@ noW%%ndv@Pght of 25
the catal yst sslmssicoitaining saits of the Inalredersitioncmetals ng deo itlvduted,ent i on
generally has a specific surface area in the range of 50 .to 600 nR/g,

pr ef er abl y i noptinnaly iy sombination mithagther compapenys (S&Ft‘é% RRASPNAKS AE) .

WO 00/ 00286 . . .
PCTI EP99/ 0 581§nd/or complexing agents known in the art. Alternatively, thezgogei can be

Prepar ati om omikdiewRrinlotherssuppor anstefigistwhitieas exgsiainedrabove, magehavat al yst
according to the invention can be prepared in sever

C ) an 1 in al ways. 5  For
i nstance, it theinsyyscalplytie goliviy, waereppen thig 81Xt ¢anhhe P?‘%‘I’q,fsd, and:ihgi ne t he

resulting extrudates calcined. The calcined extrudates can then be

impregnated as described above. It is also possible to-add certain
hydrogenation metal components to the catalyst composition prior to
15 extrusion, more particularly, it is proposed to mix the cogel and any other
support materials with molybdenum oxide, after which the resulting mixture

is extruded and calcined.

As was stated earlier, cogels containing hydrogenation metals of their own
20 can also be used in the catalyst according to the invention. The
hydrogenation metals can be added, e.g., during the preparation of the
cogel, resulting in their incorporation into the cogel. While it may be that the
catalyst contains only those hydrogenation metals introduced via the cogel,
it is also possible to incorporate other, additional hydrogenation metals into
25 the catalyst composition. Furthermore, part or all of the hydrogenation
metals can be incorporated as counter-ions of the cogel, to counterbalance
the cogel's negative charge. it will be evident to the skilled person that it is
also possible to combine the different aspects of the processes described

above. Thus, a portion of the hydrogenation metals can be introduced via



extrudates, and inpregnate the calcined extrudates with an inpregnating
sol ution conwgdai{?gg‘ssalts of the hydrogenation netals to be_ introduced,--
optionally in conblnation with other conponents such as phoBpHBFPO8E; d
and/ or conpl exi ng agents known in the art. Alternatively, the cogel tan be
10 mxed with other support materials @i ch, as explai ned above, may have
their own catalytic activity, whereupon this m xture can be extruded and
t he resul ting extrudates cal cined. The cal ci ned extrudates can then be

i npregnated as_described apove., It is. also possipble to add,certajn
hydr ogenat i on"ﬂ%‘?ﬁ?at_&ﬂm"gﬁ@n?g‘_’mﬁr tpﬂﬁwé'aisaﬁﬂf}@ ‘ﬂ@ﬁg'&%iqﬂg&ﬁ bﬁﬁ’%l‘g o 15
extrusi on, MofdmRar irit6 Uk asdpbord, tol %gmggfetpe di'ob@ﬁat%?tg?ﬂl\ﬁtélgdisany ot her

support materials wth nolybdenum ox 1ch“the resulting m xture
is extruded amgom@ratedeinto the catalpst wempssitdredyewalyi afr the wggels whilet ai ni ng

hydrogenation netals of their own 20 an also he used in the catal yst
agcorgi ng to PR PﬁQ%‘%‘PPé?].addﬁ'igm the C@’ﬁjﬁ&&@@?&?‘ﬁ%ﬁgma@“@ﬁ?PB { déed,

e.g., durifig tRendy gtion of the cogel, resulting in their
i ncor por atsllon 'Flén\qo tﬁg cogel. Wiile it may be that the cat al yst
contains only those hydrogenation netals introduced via the cogel, it

is al so possil?ge tQ iIncorporate other, additignal hédroge ation get als into
25 the catal yS¢ ¥siPatisies ma haveromany slifferegt shapesr ThecSYtaBleogenat i on

nmet al s can begy r e o] zd o] , r bal ance
the cogel's n%% Tl vg‘%!: ar %%ﬁé?% W?‘?&Bgéqg@isdfgﬂ{j hﬁlgﬁ?ﬁgbsﬁ ?f%ﬁH%g?son t hat
it is al polylobes, folr énstanaotrbiang glrirdiobés e patiplestusuafly hbee ar ocesses

descri bed . above, Thus, a paortion_of the hydrogenation netals can be
i ntroducelf vi diameter in the\ignge o @ 10 mm, and their length likewise is in the
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i npregnati on, \Dﬁie|°§°a5n%°t h%pr%orti on is mxed with the cogel before it is

formed into a support, or a portion of the hydrogenation netals is
B e SR oh e ommares ol s Shoc oy MBonor (e

metals as hydrogenation metals, it is preferably sulfided prior to use. This

15 involves converting the metal components in the catalyst to their sulfided

form. The sulfiding can be done by means of processes known to the

skiled person, e.g., by contacting the catalyst in the reactor at rising

temperature with hydrogen and a sulfurous feed, or with a mixture of

hydrogen and hydrogen sulfide. If the catalyst contains a Group VIl noble

20 metal, there is no need for sulfiding as a rule, and a reducing step, e.g.,

with hydrogen, will suffice. As stated before, if the cogel contains

hydrogenation metals such as cobalt or nickel, these will be freed from the

cogel by sulfidation. Because the hydrogenation metais are distributed

homogeneously through the cogel, the hydrogenation metals will be

25 distributed homogeneously over the catalyst composition after suifidation.



5 shaped support. The catal yst particles nmay have many different
shapes. The suitable shapes include spheres, cylinders, rings, and.
symetric or WAAMEMSE i c pol yl obes, for instance tri- arcr/mesmssisobes.
The particles usually have a 10 dianmeter in the range of 0.5 to 10 nm
and their length likewwse is in the range of 0.5 to 10 nm | f
the catal yst contains non-noble G oup V??I netal s and/or Goup VIB

netal s as hydrogenation netals, it is preferably sulfided prior to use.
This 15 involves converting the netal conponents in the catalyst to their

sul fided form The sulfiding can be done by neans of processes known
to the ski Iqa LSR5 a&ofing ting the catalyst in the reactor
at rising P e dhtHa sul furous feed, or with a

mixture of  DepBeingENtRNCAMEsI tﬁé”cfa'té'@st? 'afccéllaﬁgcgf He/ fHvehfiilf al ns a
i di

G oup VIII1 noble 20 metal, there is no need for su ng as a rule, and

a reduci ng st &8N be uged in virtually ah hygropmpessingiprocesses totreat/ss phiraitedf bef or e,

i f the cogegl ' . hydr ogenati on netal s such as cobalt or nickel,

these wil |$be?%$ﬁf M?‘F&‘é"_‘g RAChR CoBgTiaR. ¢4-Ga it SHTPEHERHES & teo

hydr ogenat i 0N rafRjeadf200°qo di4BEC, MHrSSen pressbwgqtaqgég o/of §11648H ddre cogel
ed ho

t he hydrogenation netals wll be 25 distribu geneously over the
cat al yst conp88d tspaaeayelecitieu|(EHAY) iimrthe range of O\IB G®/1WBZ8&he term

PCT/ EP99/ 0581 e s 30 .

of the catal yg]ydgocp&?qﬁsw& t tplﬁecqnmrﬁqcampagses ahRPRASAY TBVHiER:a _
conposi tion, hidro6arbohfebs i@F640tEd Mtht RydrB§enh %Yeé?é\}ag(fhu temperafifd é?ﬁi used in

Use

virtually all hydroprocessing processes to treat a raltty o f eeds
under wi d&0r aplgivalgdr epresswa. cdhdse | guscesses. ,incude erhyeradesutisridationhe
hydrodenitrogenation, hydrodemetallization, hydrodearomatization,

hydroisomerization, hydrodewaxing, hydrocracking, and hydrocracking
under mild pressure conditions, which is commonly referred to as mild
hydrocracking. In particular, certain catalysts according to the invention are
15 suitable for use in the hydrocracking of heavy feedstocks to form middle
distillates. For these hydrocracking processes, the following values for the
relevant process parameters apply:
temperature: in the range of 230° to 450°C;
hydrogen pressure: in the range of 100 to 250 bar:
20  space velocity: in the range of 0.2 to 3 hours™;
H,/oil ratio: in the range of 300 to 2000 NI/I.
Generally, the conditions selected are such as will give a conversion of at
least 70 wt%. The term conversion in this context refers to the weight, in
per cent, of obtained product with a boiling point below 391°C (where
25 applicable, this weight is corrected by taking into account the weight of the
portion of the feedstock which already boils below 391°C) vis-a-vis the
weight of the feedstock employed. An example of a catalyst according to
the invention which is suitable for use in hydrocracking to produce middle

distillates is a catalyst comprising 3 - 40 wt% of hydrogenation metals,



range of 200[err] to 440[err]C, hydrogen pressures in the range of 5 to 300
bar, > velocities (LHSV) in the range of 0.05 to 10h[err}-
The term zngﬁ'hygroprocessi ng" in this context enconpassé’QT@P?W"ﬁ;’écesses
in which a hydr ocarbon feed is reacted with hydrogen at el evated
tenperature and 10 elevated pressure31 These processes include

hydr odesul furi zati on, hydr odeni t r ogenati on, hydr odenetal | i zati on,
hydr odear omat i zat i on, hydr oi someri zati on, hydrodewaxi ng,

et 26K ey s 4 ool O g 7 o AL 00

which is co erre 0O as m P4 icul ar,
certain cat abygelspreterabigi1l0g W/&l@iwmidﬁeéﬁtéa %ﬁéferﬁbl&ﬁ@bljﬁbw use in
e

t he hydrocracking of heavy feedstocks to formm istillates. For
t hese hydr oc?ﬁ‘éﬂ?%@alﬁﬁ‘%@ﬁmo the follow ng val ues for the rel evant
process paraneters apply: tenperature: in the range of 230[err] to
450[ err] C hydr ogen pressure: in the range of 100 to 250 bar; 20

space vel®ci Apexampleef 4 eatalsPhcddrding ® theiRvertiofWiich is sui oi | ratio:
in the range of 300 to ZOOOWNI/I. § General ly, tl%elscsgglta%ﬁgil%{esel ect ed

are such as Rfoductipr, of Hiesahvy waynobmyerocracking eampriges at Grodphd/IBer m

conversion i LS. Gont refers tp the weight, in er cent, of

obt ai ned proﬁ%%rpb%n‘?ﬁﬂaﬁ%glﬁ%@oﬁgp taﬁanawtg%ff@w]ﬂ“( WFBPQS lon-

appl i cabl e, fretal comipdhent, she 864 oF Bk Bbésbf}kinvsnﬁdﬂaléﬁmb nb'éﬂon&% yei ght of
s bel ow

t he portion of the feedstock which already boi err] Q)
vi s-a-vis thé-zeolite wilh gunit eell size in thedrange lof @i0e3. 480 nAnarek prgfidrablgf  a

cat al ystqccar.d] 0 t knvention which is suitable for use in
hydr ocr a1cqi‘i n@tﬂép%}%d?fczelimﬂgggh M. distillates is a catal yst conprising 3
- 40 wt % of Tiyeluegariahé eatamrtebecording to the inV¥tiH/ igqgiﬁphydrgtiracking

PCTI EP99/ 05818 _ _
preferably cRHREE$sEsdivfalew @nvisagedi doromildi hydrdcriebking procéssespthat % of

cogel , prefe ) - 50 %3 = D5 W% of zeolite, preferably 10 - 50
wt % a@g%%g%%yegﬁ‘@éﬂﬁrm ijie_vant PECORHPRRRIAIPE: of a catal yst
accordi ng t oefrprratOMe i ihetanbié 6N35® s Uished! e for the

15 hydrogen pressure: in the range of 25 to 100 bar, preferably in the range of
40 to 80 bar;

space velocity: in the range of 0,2 to 3 hours™;
H,/oil ratio: in the range of 200 to 1000 NI/

Generally, the conditions selected are such as will give a conversion of at

20 least 20 wt%. The definition of conversion is the same as that given above.

An example of a catalyst according to the invention which is suitable for
use in mild hydrocracking to produce middie distillates is a catalyst
comprising 3 - 40 wt%, preferably 10 - 40 wt%, of hydrogenation metal

25 components, which preferably are a combination of Ni and Mo or W, 5 - 75
wt% of a cogel of the present invention, preferably 15 - 50 wt%, and 0 - 95
wt%, preferably 5 - 50 wt%, of alumina binder.



production of diesel by way of hydrocracking conprises a Goup VIB
hydr ogenati on netal conponent, a non-noble Goup VIII hydrogenation -
met al conpond¥@ 00/40R% cogel of the present invention in conbiPRAEPRMOSHK h a
Y-zeolite with a unit cell size in the range of 2.400-2.480 nm and

preferably 10 in the range of 2.415 - 32455 nm The use of the
catal ysts according to the invention in mld hydrocracking processes
is al so envisaged. For mld hydrocracki ng processes, the fol |l ow ng

val ues hold for the rel evant process paraneters: erature:. in the

te .
range of 350[ eihe catalyaismcsprding torthe proseddayeionsarg also vany: sHitapleni9e of 25
to 100 bar, f bl y. i . ; ' di i
vgl ocCi ty?ri np[l%ge;' ng%yd&&swgn%agﬂg?h%orrg. ;partléupar})ﬁ[ E)(r?r] %i Idlfrugﬂl%r:%??(r:let he

range of 200 tHydidi€inéfiZation of long@haiy paraffinst Meeseolodg tchaimsparefiiesialdo ar e such
as wll give a conversion of at 20 |east 20 w% The definition of
conversi on i s knewnsamwaxes, @ramajecules thebhave a negativaefiechap the gually cat al yst

according to the.in {0 i.ch .is i I o] i )
hydr ocr acki“ng c{%od'ﬁ?%?g‘élg %h&é\mbé %f'ssg'i? Ilq'%s[aeiﬁ?lé’ {e{\ecg? él@é‘t% ctis r{u(‘:((’grtr%ri sing 3
- 40 wt% pr ef&j}ﬁ’é’lliz’e 1R ondtleplably Righhisinggrafipgs, 0so mehdeérintp the adiesednent s,
whi ch preferably garhe[ af cnggjt)l na'tt_lag.n O];iugl an_dgl\élt') Or“'\\//duhﬁ é{ﬁ;SV@xesg@Ylw%Of a
cogel of the pmssitableifarfuel iapplications aluabg ywinerimeQ

S i o : .
‘F“,"CT/‘} EI%S; gggglngai%ly af?e%t Me/\?iscoofsite.l #g?lc%? thbe'srédr%l'ecules must b@?&ﬂgvgg.zﬁgc}he

catal ysts accqpaisnth Rhiebe RisCarNknbWi Gt tHeniiRFtusd, Searielyycradkinglthe for
use i n hydroi sonerization, nore particularly for the difunctional

hydr oi songi0i zanblenules t¢ nwerdieding meleeles apd ispmeerization gf Hieamelasslesftei ns,

al so known_as xes, ,are. ol ecul ] . ' on the
quality 5 d?%ﬁ%%@?' QYQroa?ﬁ'acﬁﬂﬁe&iﬁ@@ ICE%\%égglFe[gﬁéPgﬁet %ggx/gx
mol ecul es tendsde of the Fe¥@tEE], | Fin@ly tHBaT-paRIFHY, Yto hprptiudtermeside Lthes, so
rendering the diesel unsui tabl e for fuel aPpU cations duri nlg
wintertinme. | rdesired hoiling, rangs.ctbusvimiting the attainable yields of middle distillate.

A hydroisomerization process, on the other hand, will convert the n-

15  paraffins to isoparaffins, which have boiling points in the desired range but
melting/crystallization points (i.e., cloud points) much lower than those of

the n-paraffins.

it has been found that the catalyst according to the invention is also
20 suitable for use in the hydroisomerization of wax-containing feedstocks.
Such a catalyst contains a hydrogenation component consisting of one or
more of Group VIB metal components and Group VIl metal components,
more particularly, the Group VIII noble metals. Most preferably, the
hydrogenation component is platinum, paliadium, or a combination of the
25 two.
The presence of the cogel in the catalyst according to the invention is
advantageous for the hydroisomerization of wax-containing feedstocks,
because it has a combination of desirable properties. The low acidity of the

cogel precludes hydrocracking of the product isoparaffins. The properties of



mai nly affect the viscosity. Hence, these nol ecul es nust be renoved. Two
ways to achi g b are known in the literature, nanely cracking the 10
nol ecul es to%‘\)/\%draisgoi | i ng nol ecul es and i sonerization of t%gTWB?géoéﬁﬂses to
i soparaffins. A (hydro)cracki ng dewaxi ng catalyst will by nature convert
sone of the feedstock, nanely the n-parggfins, to products outside the
desired boiling range, thus [imting the attainable yields of mddle
distillate. A hydroi soneri zation process, on the other hand, wll

Convert the nnetsop B8 AEH 0t 4 Bob BRBERAL) e M Bod Bt RS 1 * 1

poi nts) nuch fsoemsurédaMhehefectofof mass tdifusiondintitdtions are eliminatéd Hyas been
found that the catalyst according to the i-nvention is also 20 suitabl e
for use in theMpding fenbrapegiason§ He waRrPednitaisnprajerreddatibiskspecific  Such

mor e of & oup RTE i LA SAATBIRRN ofRRPhavd P ciimBiindy

mor e partigul @gihy a bifderGhatepiaMivhich ek endTejndl fise M slcH InedratmNsy e gt he

hydrogenati on conponent is platinum palladium or a conbination of the 25
t Wo. TheiligR o5 difeniaoAltermativelyelt nayt be nrafesablet toashapalitingy cogelt he

. o i . LHoast
wax- cont ai n ryAPeaBAER en9 Bt Wiatsdeter YA PREEERY o BieHBR Blat Wlesi r abi
properties. Thg lipvyapbisbhbrigdtionhs a catal%s]?gt%mﬁﬂiﬁﬁé L@i% hydr @ef agki ng of

t he product isoparaffins. The properties 00/ 00286

PCT/ EP99/ 058 1/atinum, palladium, or a mixture thereof, 1 - 99.9 wt%, preferaddy 10 - 50 t he
cogel ar uch,.t h a _goqd.di spersi,an of. t he hydr, nat i on_co ent

e ensar off " il e80T R REEREERAtih Fd bR e SRITAPY 305d by
control ling tdewBroreditdathtanfa, bha neiviP@tHeredt 1S preferred in this specific
application to prevent hydrocracki ng through binder-support interactions by

5 using a binder material which does not give rise to such interactions,

e.g., Ll r titania. Alternativel | be preferable to shape
t he cogel L m“%ﬁBg&pﬁeémg?ﬁ c%%js Bflfnfe '%ﬁa& 'gxé%@_ C%PBEPt ec‘{ﬁeﬁrl y
preferred catfa} y&hal{ttf applications different from hydroprocessing such as fluid

15  catalytic cracking (FCC).

The present invention is illustrated by the following Examples.

20 mple 1 (Pre ion of | ccording to the inventi
a) Preparation of the cogel
An amount of 0.44 kg of a sodium aluminate solution (26% ALQO,, 20%
Na,0), 3.80 kg of a magnesium sulfate solution (6.34% MgQ) and 4.85 kg
diluted water glass (4.2% Na,O, 13.8% SiO,), were simultaneously added
25  within 30 min at 80°C to a 30 | stainless steel reactor, containing about 10
kg of water at the start. Caustic soda (15%) was used to control the pH at
8.5. Subsequently, the resulting slurry was filtered and the obtained filter
cake washed three times with 10 kg water (60°C). The filterability of the

washed filter cake was much better than that obtained with a conventional



use in hydroisonmerisation is a catalyst conprising 0.1 - 2.0 w % of

plati num palladium or a mxture thereof, 1 - 99.9 wt% preferably 10 -- 50
10 wt% of VRIRBEEl of the present invention, and 0 - 98. BCT{ER}P/05818
preferably 50 - 90 wt% of silica, titania, or a m xture thereof.

It must be noted that the cogels of theypresent invention can also be used
for catalytic applications different from hydroprocessing such as fluid 15
catal ytic cracking (FCC). The present invention is illust rat ed by

ccor di ng-t o SAROTHR@R{argh)The ol SAVAD B B T, IREE JaEmmontihy, ampunt
of 0.44 kg of e solution (26%[err] 20% Na20), 3.80
kg of a nagnes?%m gbr{’va? Hgo%'i on (6.34% MyO and 4.85 kg di |l uted

wat er gl ass (#.52kg Nf[the nydsheti3fiidvocakel(¢4.7] Yo soliass vm'reu‘esmmmiwi $ lapded 25
within 30 mn at 80[err]Cto a 30, stainless st&e) ctor cont ai ni ng
about 10 wageroconiaining at7a 1k oft ammongyn s ehler MOG@EH to

trol th filt d
Sod he obh ar Rxianop, Ip8 riburt RS AR o 1 4 60°C dri é&?t’%%@ﬁ"w Her
(60[err]C). Ths.fThd anixkirki Wis dtheh hdewateredwantiethefl inhbler pwdmiuwaswamch

better than that obtained with_a conventional WD 00/ 00286,
PCT/ EP99/ 0581 8peated once again. The filter cake was then washed;ihoroughly \glgboni te

material. The_n | i n
exchange) was gﬁ?rn&’gl}ﬁ cﬁloh&é?;togfa béoﬁ?éf?@-a%gwogé r CaEPHPZrﬂe %
solids) were é@l%lhblrﬁ MTHRANFT &tmgexchangwmér c‘dkatv&?asndie‘tgrrﬂ:ﬁ@dgFlnéllﬁmrnmnl um
chloride to effect anmmoni um

10 filter cake was dried overnight at 120°C. The resulting ammonium-

exchanged cogel had the following characteristics:

total of sodium and potassium  0.07 wi%

saponite content C, 47 %
15  saponite content Cy 12 %
surface area (BET) 621 m%g
surface area (BET) 531 m?g (calcined)
surface area ratio 0.86
CEC 3.3 wt%
20 CEC 3.0 wt% {(calcined)
CEC ratio 0.91
NFT 483 s
amount of tetrahedrally 84 %

25 coordinated aluminium
silica/atlumina molar ratio 9.9
magnesium/(aluminium+sificon) 0.28

atomic ratio



5 exchange. The m xture was stirred for 1 h at 60[err]C and a pH

mai nt ai ned arw'ooomozs% 5. The mixture was then dewatered and 9&5‘38 o
procedure was repeated once again. The filter cake was then washed

t horoughly with water until no chloride could be detected anynore
using a silver-nitrate solution. TB® NFT of this exchanged filter cake
was determned. Finally, the 10 filter cake was dried overnight at

120[err] C. The resulting anmoni um exchanged cogel had the foll ow ng
characteristigs; . lofHiye$0di um and potassium 0.07 wt %

saponi te cont @2?’%9@3‘““ 6ﬁh§$a%<)lyf§ saponite content Clerr] 12 %
surface area (ARimiha was peptizédbyninkdnd it avith some HNOgandiwater( BR@) such 531

err]/ cal ci ned surface area ratio 0. 86 C
g{_ 3 wl c%? 28 cag amZ)unt of the cogel prepared under @) W3 %d(i§§| 3% ﬁ%d;b?aEln a8 Ccgc
ratio . - o 0 ; 483 S
Lount of t et MUK SoTtgining 85t of thebobel and 35 wi% alumina. After kneading
si lical al ugi ngnaPladr ekitdble Wdugh wasTRmed| thé (mixturen wastsiinidszh)to 0. 28
atomc ratio WO 00/ 00286 .
PCT/ EP99/ 0581 8&ylindrical extrudates with a diameter of 1.5 mm. The exirudaigs were drleq.!,)

come 1 er 1] 4Rtk 25% and stpdfatBhiy HBReB T Ao et BAEGT L 2 e
under a) was agdeskiddiated Woiedimprégnated with an aqueous solution of ammonium
heptamolybdate, subsequently dried at 120°C, and calcined at 525°C for
10  one hour. The molybdenum-containing extrudates were then loaded with
CoO by impregnation with a cobalt nitrate solution. After impregnation the
extrudates were again dried at 120°C and calcined for one hour at 625°C.
The resulting catalyst contained 14.0 wt% MoO, and 4 wt% CoO, based on
the total weight of the catalyst.
15

xample 2 (Preparation of a catalyst according to the inventio
a) Preparation of the cogel
The procedure of Example 1, step a) was repeated using 3.26 kg of an
20 aluminium sulfate solution (4.9% AlLO,), 4.18 kg of a magnesium sulfate
solution (6.34% MgO), and 6.47 kg diluted water glass (4.2% Na,0, 13.9%
Si0,), and caustic soda (14%) for pH control at 8.5. Subsequently, the
resulting slurry was filtered and the obtained cake washed twice with 15 kg
water (60°C). The normalized filtration time NFT of this cake was 101 s.
25 Subsequently, after reslurrying 7.5 kg of the washed fiiter cake (16.4 %
solids) in 4 kg water an ammonium-exchange was carried out following the
procedure of Example 1. The resulting ammonium-exchanged cogel had

the following characteristics:



m xture containing 65 wt% of the cogel and 35 wt % al umi na. After kneadi ng
5 wuntil an %ﬁ"ﬁ@ | e dough was fornmed, the m xture was extruded to --
cylindrical es wWith a diameter of 1.5 nm The extruBSTEESHRSEES dri ed
overnight at 120[err] C and subsequently cal cined for one hour at 525[err]C.
The extrudates were inpregnated with ari—) aqueous sol ution of anmoni um

hept anol ybdat e, subsequently dried at SO[err]C, and cal cined at 525[err]C
for 10 one hour. The nol ybdenum cont ai ni ng extrudates were then | oaded

wth Co 'nap,e nation with a cobalt nitrate solution. After

i npr egnat i on??ﬁio#s J'“'ﬁ)?!'ﬁﬂﬁ’éﬁséé”%r 8.04mt%A dried at 120[err]C and cal ci ned
. . 0

for one hour s%b\%?igf%%,éhg%sed onThe ugul ting catalyst contained 14.0 wt%

Mo err] and the total weight of the catalyst. 15
Exanpl e 2 ( Prsapanité cantentfCa cat al yst 18c8ording to the invention) a)
Preparation of fhe cogel The procedure of Exanple 1, step a) was

repeat ed usi fYM9ce8redy of an 20 al uSlRME@ sul fate sol ution (4.9% [err]
4.18 kg ok a i sul fate 2 % MygO), and 6. 47 kg

di | ut ed V\gt er gl g%é 4.2% Na[err] O ?gbgﬁ/o/é)&a(c% err]), and caustic soda
(14% for pHsueats atesatatiB. 5. Subsequemd y, the resulting slurry was
filtered and the obtained cake washed twice with 15 kg wat er
(60[err]C). THE nornmalized filtrati od.-3Wthe NFT of this cake was 101 s. 25
Subsequent |y, ter reslurrying 7.5 o . ed filter cake (16.4 %
solids) in 4 %éwat er an ammoni um ex?%‘a §t(€\§§'}q§§:ri ed out follow ng the
procedure of gE@mgtice 1. The resulti ng ggmoni um exchanged cogel had

the foll owi ng characteristics: WD 00/ 00286
PCTI EP99/‘@58%§:1 149 s 36 total of
sodi um and p | .04 Wt % penite content Clerr] 45 %
saponite con%en%“ik:i#g}relﬂ% 10 %§6 4 surface area 512
merr]/g coordinated

aluminium

silica/alumina molar ratio 9,22

15  magnesium/(aluminium+silicon) 0.22

atomic ratio

b) Preparation of the catalyst
The cétalyst was prepared according to the procedure of Example 1, step
20 D).

xample 3 (Pr tio l ing fo the invention
An amount of 1.96 kg of an aluminum sulfate solution (8.11% Ai,O,), 7.03
25 kg of a magnesium sulfate solution (4.71 % MgO) and 4.12 kg water glass
(8.5% Na,0, 27.5% SiO,), were simultaneously added within 1 hour at
80°C to a 30 | stainless steel reactor, containing 8.9 kg of water at the start.
Caustic soda (50%) was used to contro! the pH at 8.5. The resulting slurry

was stirred for an additional hour. To determine the NFT of the precipitate,



5 surface area 397 nmferr]/g (calcined) surface

area ratio . 0. CEC 3.5 mt %

CEC WO 00/00286 2.4 W% (cal ci ned) CEC rPAIIYRP99/05818

0.69 10 NFT 149s anmount of tetra

90 % coor di nat ed al um ni um silica/lalumna nolar ratio 9.22
15 magnesiuni (al um ni umtsilicon) 0.22 37 atomc ratio b)
Preparation of the catalyst The catal yst was prepared according to the
procedure of Exanple 1, step 20 b). Exanple 3 (Preparation of a

cogel accor di paritaf thenaelurnyweas filtengd and therobtaimed fitteodake. Was wgsidd Hweeal urmi num
\ o : ,
(4. 71 % W0y SRSaNEs ke Hater (BgPh The némaizds FRASES e RYTfPopeie)] ) ' vor e
2{ (ran;: t?gggtjglrgnﬁﬁ?gﬂ\%@bﬁg%)w%é?@tm s. d0[err[Cto a 30 | stainless
, g 879 kg of "water at the start. Causti c soda

(5099 was use@.8kg mftthelremamingpatt of.the sliimy was tilteiedgarsd subsequently was

stirred for an a}gjditional hour.. To dete m'n? the NFT of the precipitate,
WO 00/ 0028% exchanged on filter with 2 times 100 ml of an aqueous solution coplening99/ 053818

37 Pary of dhfmolutt sYIfNBI66C)! RREArARFryiiCatPTifialiEH, the!Nief of ake vas

washed t hree
this exchanged filter cake was determined. Finally, the filter cake was dried

overnight at 120°C. The resulting ammonium exchanged cogel had the

following characteristics:

10
total of sodium and potassium 0.05 wt%
saponite content C, 55 %
saponite content Cg 16 %
surface area (BET) 514 m¥g
15 surface area (BET) 418 m?/g (calcined)
surface area ratio 0.81
CEC 2.7 wt%
CEC 2.3 wt% (calcined)
CEC ratio 0.85
20 NFT 21s
amount of tetrahedrally 92 %

coordinated

aluminium
silica/alumina molar ratio 11.9
25  magnesium/(aluminium+silicon) 0.39

atomic ratio



times with 7 kg water (60[err]C). The normalized filtration tinme NFT (prior
to anmoni um exchange) was only 13 s. 0.56 kg of the remaining
part of the ¥NQ@uop28sas filtered and subsequently 5 exchaﬂgﬁﬁbgg,assflglter
with 2 times 100 ml of an aqueous sol ution contai ning 4.9 g amoni um
sulfate (60[err]C). After reslurrying and filtration, the NFT of this
exchanged filter cake was determ ned. Fhal | y, the filter cake was dried
overnight at 120[err]C. The resulting amoni um exchanged cogel had the

foll owi ng char act eristics: 10 t ot al of SOdI um and potassium 0. 05

wt % sapohkamplech{Rrapara] aptiolaponi t e cont ent
Cerr] surface area

merr]/g 15 &0 ﬁ%@%{@sﬁ('&% a sodium alumlrgate s)olutwn@@ﬁﬁ@AbO(,d&ub'Xoned)

f t 1 g 40
surface area fg 0)0 and 326 kg water ofks8’(s.4% KEQ, 278%, 1% ware)

CEC ratio smultaneously added within 30 nﬁlnﬁl@s%ﬁ 33°(SiFt'5 a 30 | stainless steel
21 s 5am)unt of tetrahedrally % coor di nat ed

al umi ni um®  reagfor; egptaining ?1%»9nlis af vateraat the start 18ulfurigsacid (30%) was

gg?gg;isgm(al YRk BER! 4 bH at ©.89The resaﬁl%n sﬁurl}?twas stirred fgf, %\3/,\89/ 05818

38 Exaaqlzhmnrm (SPrrimateatandnsyisequeniget . wckgrdilangn 6®egmgh sgyagt i on)
An amount of 0.73 of a sodi um al um nate sol ution 2% [err] 19.4%
Na[ err] O ands Ut@@ 4iatNgOwas added v Nainutes) dShe:pH wssna@tgmep)at wer e

?t emeJ: taneousl y s3GfeL Wik UoBa F059%)."Hie xsesﬂftms?’s[h?rw Wets §8rr8d 27 5 mivuied! €8s
10 An amount of 245 g of the freshly prepared slurry was filtered, and the NFT
was determined (198 s).

Subsequently, the fiiter cake was exchanged on fiter with 3 times 1
displacement of ammonium chloride solution (pH 5.5) containing 2
equivalent of NH, per Al. The exchanged filter cake was reslurried, filtered
15 and subsequently the NFT was determined. Finally, the filter cake was
dried overnight at 120°C. The resulting ammonium exchanged cogel had

the following characteristics:



5 reactor, containing 13.9 kg of water at the start. Sulfuric acid (30%
was used to control the pHat 9.5. The resulting slurry was stirred
for an WALRR28Mal 5 ninutes and subsequently 1.50 kg ®CTAPIGEEBSI UM
sul fate solution (6.34% MO was added in 5 m nutes. The pH was
mai nt ai ned at 9.5 with caustic soiglga (15% . The resulting slurry was
stirred for 5 mnutes. 10 An anmount oY¥ 245 g of the freshly prepared
slurry was filtered, and the NFT was determ ned (198 s).
Subsequently, the filter cake was exchanged on filter with 3 tines 1
di spl acenent o83l ohfadiHmandpotessium sol ut i B:04(withh 5. 5) cont ai ni ng 2
equi val ent o The exchanged filter cake was reslurried,
filtered 15 éﬁgﬂgﬁgég@t&t ly the NFT was g(ftéterm ned. Finally, the filter
cake was sawnitéd:oﬁté%tcifght at 120[errkGo,The resul ting anmoni um

d h

exchanged cogel ha e follow ng characteristics: WO
00/ 00286  surface area (BET) 436 m?/g PCl / EP99/ 05818
39 total of sqdium and potassium 04 wt % saponi te content
CA 5 'slirface ar%?%‘i‘l) saponi t e c%?ﬁ@%ﬁ(@'éhnﬁjj) <5 %
surface areasrfaed)area ratio 436 flgorrl/g 5 surface area (BET)
378 nk/ g (cal cined) surface area ratio 0. 87
CEC CEC 5. 15wt CEC
3.1 wmt % (cal 'ﬁed) CEC ratio i 0.61 10 NFT
168 s arotnt of tetrahedrally 3.1 wit(ogdcined) coor di nat ed
al um nium  CECShfid ca/ al um na nol ar rati g g4 7.70 15
magnesi unt (al um ni umtsi | i con) 0.10 Tatomc ratio
10 NFT 168 s
amount of tetrahedrally 94 %
coordinated
aluminium
silica/alumina molar ratio 7.70
16 magnesium/(aluminium+silicon) 0.10
atomic ratio
mpi Preparation of I accordin invention

20  An amount of 0.73 kg of a sodium aluminate solution (26.2 % Al,Q,, 18.4%
Na,0), 1.50 kg of a magnesium sulfate solution (6.34% MgO) and 3.25 kg
water glass (8.4% Na,O, 27.8% SiO,), were simultaneously added within
30 minutes at 30°C to a 30 | stainless steel reactor, containing 13.9 kg of
water at the start. Sulfuric acid (30%) was used to control the pH at 9.5.

25 The resulting slurry was stirred for another 5 minutes. An amount of 240 g
of the freshly prepared slurry was filtered, and NFT was determined (1386s).
Subsequently, the filter cake was exchanged on filter with 3 times 1
displacement of ammonium chloride solution (pH 5.5) containing 2

equivalents of NH, per Al. The exchanged filter cake was reslurried, filtered



Example 5 (Preparation of a cogel according to the invention) 20 An anount
of 0.73 kg of a sodium alum nate solution (26.2 %[err] 19.4% .
Na[err] O, 1.¥O0KY¥2 a nmagnesi um sul fate sol ution (6. 34% MpOr/Ervsiosdis25> kg
wat er glass (8.4% Na20O, 27.8% SiJerr]), were sinultaneously added within
30 mnutes at 30[err]Cto a 30 | stainless steel reactor, containing 13.9

kg of water at the start. Sul furic®hcid (309 was used to control the
pH at 9.5. 25 The resulting slurry was stirred for another 5 mnutes. An
anount of 240 g of the freshly prepared slurry was filtered, and NFT

was det er ni neand 58bsgquently th&UNSE qvasntietermirted. fRindllgy thefitemaskee waBanged on
filter wwth 3 t.iézres 1. gb§(gl cenent of ammoni um chl ori de sol ution (pH
5.5) cont ai ni geGovernight at 1207G. Tlae ggs gEynoRium gxehangadaeepel hed| t er cake

was reslurrieghe hidwisd Bfaracteristics: VWO 00100286
PCTI | EPOO/ 0588 1owing Bfaracteristics: 40 and

subsequently the NFT was determ ned. Finally, the filter cake was
dried overnig at 120l err] C. The resulting anmoni um exchanged cogel had
the foll O\é]ngg%ﬂg%ﬁ%‘%"é&"iaé'dwss'“mS t ot aP-V4Wtdodi um and pot assi um 0. 04

p

wt % sapogdddpits @ Cerr] o <5% saponi te content
Cerr] F;O% <g§}?ﬂ{CA surface area f%éT) 439
mMerr]/g saponfte.centant@, ( BET) <5% 352 nferr]/g (cal cined)
10 surface arega ratio 0. 80 CEC
4.8 Wt % ce area (BET) 438m?g 3.2 wt % (cal ci ned)
%g ;at| O surface area (BET) 0.67 352 maffilaicined)
10  surface area ratio 0.80
CEC 4.8 wt%
CEC 3.2 wt% (calcined)
CEC ratio 0.67
NFT 236 s
156 silica/alumina molar ratio 7.9
magnesium/(aluminium+sificon) 0.11
atomic ratio

For good order's sake, it is noted that when in the above Examples a

20 surface area or CEC value is indexed by the term "calcined”, this means
that this value has been obtained from a sample previously calcined in air
for one hour at 550°C.



15 silica/alumna nolar ratio 7.9

magnesi uni(amo%% SI | i con) 0.11 atomc ratio For good.
order's sake noted that when in the above Exanples aPQUEWQ@ﬁfﬂ&ce
area or CEC value is indexed by the term"cal ci ned", this neans - t hat

this val ue has been obtained froma s\a/t\gql e prem ous| y calcined in air
for one hour at 550[err]C

PCT/ EP99/ 05818 ' ﬂwumnm m l“u d ai s
1. A cogel (o i si ng oxidic conpounds of one

r
metallic el eéﬂ&i selected fromthe group of alum nium bori um
gallium chromum iron, cobalt, manganese, vanadi um

nol ybdenum tungsten, i ndi um r hodi um scandium or m xtures

thereof, oxidic cénpogeidsomprising axidicoeempainidavel onk BEtRbrel fivalent
el errents sel ected fromthe group of silicon, titanium gernanium or
m xt ures thereof, W‘%ﬂ%@t‘?o’?ﬁ!ﬁﬁﬁﬂjsﬁ% tae egreup rafr aluminiume boriae,

metal lic el ements Si v el ected from Gou
non- nobl egrret al l i 8%1" a‘%ﬁo&%e’r e(\ik’% Bt mANI4peTS f?’Bﬂ?‘@‘ﬂﬁ onal | y
present saponit e, moiybdeng®l tusgsteneifdiahl fhddium, scandium, bﬁ%n&ﬁ‘}?éé)hous

b) the saponite content CA of the cogel Is |less than 60 %
the cogel has a stherepfe axidie, egmpaundsast oneo ofpigre tetravalent me@"ldi he cogel

s PO xR RRaLLN Bl e bETB Y o i O geanm or ) 1
less than 0.5 wt %mbtareedtheredfnand Wxidic Wonttungé dfhéne @9Ghore divalent
10 metallic elements which are not exclusively selected from Group VIII
non-noble metallic elements, wherein
a) apart from optionally present saponite, the cogel is essentially X-
ray amorphous;
b) the saponite content C, of the cogel is less than 60 %;
15 c) the cogel has a surface area of at least 400 m%g;
d) the cogel has a cation-exchange capacity of at least 0.5 wt%; and
e) the total of sodium and potassium contained in the cogel amounts
to less than 0.5 wt%, based on the total weight of the cogel.

20 2. The cogel of claim 1 wherein the trivalent metallic element

comprises aluminium.

3. The cogel of claim 1 or 2 wherein the tetravalent metallic element
comprises silicon.
25
4. The cogel of any one of the preceding claims wherein the divalent
metallic element comprises a non-Group Vil metallic element and a

Group VIH non-noble metallic element.



20 2. The cogel of claim 1 wherein the trivalent nmetallic el enent

conprises al um ni um 3. The cogel of claim 1l _or 2 wherein—the—
tetraval ent n¥OHPI%6 ¢| enrent conprises silic o Wi The
cogel of any one of the preceding clains wherein the dlgglljﬁﬁ““!l“"lm”m
metallic el enent conprises a non-Goup VLII netallic el andwa s »

G oup VIl non-noble netallic el enent. 42

42 5. The cogel of claim4 wherein the Goup VIII non-noble
metallic el ement is selected fromnickel, cobalt, or m xtures

t her eof . 5. 6. TheThegel wefetlaint 4mhepein b Graupp Mt ewinanphid anetallieher ei n

the non-Goup 5 VL tallic, el ene CONRris magnesi um

7.  The cogel of ftlﬁm%'?fésﬁ?'e?%g fmeﬁg?'nﬁoﬁgpﬁ?%@sgﬁﬁmpﬂe nol ar ratio
bet ween the oxi di c conpounds of the one or nore tetraval ent

metallic elenments and the oxidic conpounds of the one or nore 10

trival ent net d.li c Tdlesroget of anyrane ofdbe precedingosiajeis wiserein'the ash-Groapd

not nore than 30. ocess for Breparing t he cogel of any one

. A pr
of the prefeding VNI metalﬁcel@mnﬁggmgﬁaqsa@gg $9¥0-in that the process

conprises the steps of 15 m Xi ng an aqueous sol ution of a source of
oxi di ¢ conpounds of one
7. The cogel of any one of the preceding claims wherein the molar ratio

between the oxidic compounds of the one or more tetravalent
metallic elements and the oxidic compounds of the one or more
10 frivalent metallic elements contained in the cogel is at least 2 and

not more than 30.

8. A process for preparing the cogel of any one of the preceding
claims, characterized in that the process comprises the steps of

15 mixing an aqueous solution of a source of oxidic compounds of one
or more suitable frivalent metallic elements and an aqueous solution

of a source of oxidic compounds of one or more suitable tetravalent

metallic elements and an aqueous solution of a source of oxidic
compounds of one or more suitable divalent metallic elements;

20 choosing the pH conditions in such a way as to cause the
precipitation of the oxidic compounds of di-, tri~, and tetravalent

metallic elements present in the mixture; isolating the precipitate

containing the oxidic compounds of di-, tri-, and tetravalent metallic

elements, if applicable before the saponite content C, of the

25 precipitate has become equal to or higher than 60 %, and, if
necessary, carrying out an ion-exchange treatment to reduce the

fotal of sodium and potassium present in the final cogel to an

amount of less than 0.5 wt%, based on the total weight of the cogel.



or nore suitable trivalent netallic elenments and an aqueous sol ution
of a source of oxidic conpounds of one or nore suitable tetraval ent .
metal lic el eM@%%6d an aqueous solution of a sour ce of OXafgreseses

conpounds of one or nore suitable divalent netallic el ”f,ﬂ
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process ofz claim 8 t he i dic corrpounds of one
or more trlval ent V\ﬁ Fsi%eémé‘?‘éﬁ’tg?ﬁ?ﬁ{&'@ﬁénﬂﬂ?% of oxidic

conpounds of one or nore tetravalent netallic elenments and the

source of oxidic conpounds of one or nore divalent netallic 5

el ements are t0.xedTheopewckss of claim Bawbenedt the source of bYidic Thmppuraisesfs of
claim8 wherein the squrce or nore

trival ent netalli ¥ 8he&MYE t&x%xe{‘ﬂa‘eéﬂﬁ? ceierﬁ?ntﬁx?’?ﬂ dhe source OPOX'E!'Grrpounds
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conprising the co hydr ogenati on netal

conponent . gone or more dl\rmer%} metalhc e?ements

11. A catalyst at least comprising the cogel of claims 1 - 7 and a
hydrogenation metal component.
15
12.  The catalyst of claim 11 wherein the hydrogenation metal
component is selected from a component of a Group VIB metal, a

component of a Group VIil metal, or mixtures thereof.

20 13. The catalyst of claim 11 or 12 wherein the catalyst comprises at

least 5 wt% of a support material.

14, The catalyst of claim 13 wherein the support material is selected
from alumina, silica, titania, zirconia, or mixtures thereof.
25
15.  The catalyst of claims 11 - 14 wherein the catalyst additionally
comprises a support material with catalytic activity which is selected
from silica-alumina, a molecular sieve component, or mixtures

thereof.



15 12. The catalyst of claim 11 wherein the hydrogenation netal
conponent is selected froma conponent of a Goup VIB netal; a - -
conmponent ofV%DQB/Qﬁw VIIl metal, or m xtures thereof. 20 PC1/BP99/GEHI8 __20 PCTBPI9/GSBI8 .
catal yst of claim 11l or 12 wherein the catal yst conpris

| east 5 Wt % of a support material. 14. The cat a:_gm' ?m' lm”m”mu
wherein the support material is sel ect e fro

titania, zirconia, or mxtures thereof. 25 . The cat aI yst of* clfai ns
11 - 14 wherein the catalyst additionally conprises a support
material wth catal ytic activity which is selected from
silica-alumn a | ecul gr sieve c on m xt ur
t her eof . ?6 8 epalgmg rcrzpca’tz;lelyst of clalms 11- $§ characterized
PCTI EP99/ | 5818 16. A

i that t least a hydrogenation metal component is iftbrporated.
process for prepar |nng the cat any stg o? Crfg'tl 8 P % charr%ctterluz.'tgd
in that at | east athb)odgega‘rdaimn 4t al conponent is incorporated into
the cogel of claine 1 - 7. 5 17. The process of claim 16 wherein the

cogel is xed with a support material prior to, during or

subsequent tol?jhe Hpggapo%%ggtolfg%“ﬁfmt Rerein the gel é‘};-ﬂ’iﬁgzgrel K t al

conponent . rocess of clarm 1 cogel
t oget her wi th any material prior tcs@mgtommltrseqaéntpﬁoeﬁenhcoﬁpoeaﬁmwdfeﬂxei nt o

particles and subsequent la¥
hydrogenation metal component.

10 18. The process of claim 16 or 17 wherein the cogel together with any
support material present is extruded into particles and subsequently
calcined either before or after the incorporation of the hydrogenation

metal component.

15 19. Use of the catalyst of claims 11 - 15, optionally after presulfidation
for hydrodesulfurization, hydrodenitrogenation, hydrodemetallization,
hydrodearomatization, hydroisomerization, hydrodewaxing,

hydrocracking, or hydrocracking under mild pressure conditions.

20 20. Use according to claim 19 in which the catalyst is used for

hydrocracking heavy hydrocarbon feedstocks to produce diesel.
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(57) Abstract

weight of the cogel.

(54) Title: COGEL CONTAINING OXIDIC COMPOUNDS OF TETRAVALENT, TRIVALENT, AND DIVALENT METALLIC

The invention pertains to a cogel comprising oxidic compounds of one or more trivalent metallic elements selected from the group
of aluminium, borium, gallium, chromium, iron, cobalt, manganese, vanadium, molybdenum, tungsten, indium, rhodium, scandium, or
mixtures thereof, oxidic compounds of one or more tetravalent metallic elements selected from the group of silicon, titanium, germanium,
or mixtures thereof and oxidic compounds of one or more divalent metallic elements which are not exclusively selected from Group VIII
non-noble metallic elements, wherein a) apart from optionally present saponite, the cogel is ¢ssentially X-ray amorphous; b) the saponite
content Ca of the cogel is less than 60 %; c) the cogel has a surface area of at least 400 m?/g; d) the cogel has a cation—exchange capacity
of at least 0.5 wt.%; and ¢) the total of sodium and potassium contained in the cogel amounts to less than 0.5 wt.%, based on the total




