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The present invention relates to a process for preparing synthetic clay
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bei del lite. The negative charge resulting ron1|sonDrphous substitution
i's counterbalanced by the presence of cations, also known as counter-ions,

in the spRCeLRBGLWESRibESCstructure is electroneutral, However, if the structure
comprises lower valency cations at the location of the tetravalent tetrahedral ions
or the tri- or divalent octahedral ions, the clay platelet is negatively charged. This
20  phenomenon is known as isomorphous substitution. For instance, in a dioctahedral
layer divalent metal ions such as magnesium, zinc, or nickel may be present
instead of trivalent metal ions such as aluminium. Materials with such a structure
are called montmorillonites. Alternatively, in a trioctahedral layer monovalent metal
ions such as lithium may be present instead of divalent metal ions such as
25 magnesium or zinc. Materials with such a structure are called hectorites. in the
tetrahedral layer trivalent metal ions, e.g., aluminium atoms, may be present
instead of the tetravalent ions, generally silicon. In the case of a clay with a
trioctahedral layer this material is called saponite, for a clay with a dioctahedral
layer this material is called beidellite.
30
The negative charge resulting from isomorphous substitution is counterbalanced
by the presence of cations, also known as counter-ions, in the space between the
clay platelets. These counter-ions often are sodium or potassium. It is because of
the negative charge caused by isomorphous substitution that clays can be

35 advantageous for use in catalysis, since it gives them the potential to function as
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clay platelets. These counter-ions often are sodiumor potassium It is
because of the negative charge caused by isonorphous substitution that

cl ays canw®el/8¥87ladvant ageous for use in catalysis, since PCTFEPOEE1Them t he
potential to function as CONFI RVATI ON COPY WD 01/46071 PCT/ EPOO/ 13176 2
solid acids. However, to be able to fynction as solid acids, it is
essential that the clay mnerals cor%ri se Bronsted acid groups, since
these are at least partially responsible for the cracking ability of these
conmpounds. Bronsted acid sites can be achi eved by replacing the
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in catalytic applications, particularly in hydroprocessing, in view of their small

particle size and low degree of stacking, which is accompanied by a large surface

area and high accessibility.

20 In WO 96/07613 mentioned above, the synthetic clay minerals are prepared by
bringing the pH of an aqueous liquid containing precursors for the clay to be
prepared to a value of 3 - 9 and the temperature of the liquid to a vaiue of from 60°
to 350°C. 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

25  of elementary three-layer platelets with dimensions from 0.01 um to 1 um, which
are optionally stacked to up to 20 platelets. One particular example of such a clay
material is a saponite, which, as indicated above, 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

30 exclusively.

The clay minerals prepared in accordance with WO 96/07613 typically have a

sodium content of more than 0.5 wt.%. This is too high to be acceptable in



material is a saponite, which, as indicated above, is a clay in which the
tetravalent silicon ions of the tetrahedron |layers are at |east partly
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contains divalent ions alnobst 30 exclusively. The clay m nerals prepared
in accordance with WO 96/ 07613 typi c§l | y have a sodium content of nore
than 0.5 wt.% This is too high to b& acceptable in WO 01/46071

PCTI EPOQ' 13176 3 hydroprocessing, and therefore the clay mnerals need to
be subjected to the ion exchange descri bed above. A disadvantage of the
clay mn poor
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of octahedron ion, c) if necessary, adjusting the pHto a value of at |east
7, with less than 0.1 nole of the total of sodium and potassi um bei ng
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pr eci pi :Tgthe for dinc) at a tenperature of 0-350C in an agueous
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b) combining the silica-alumina with an octahedron ion source in such a manner
15 that less than 0.1 mole of the total of sodium or potassium is added per moie
of octahedron ion,
c) if necessary, adjusting the pH to a value of at least 7, with less than 0.1 mole
of the total of sodium and potassium being added per mole of octahedron ion
during the pH adjustment,
20 d) aging the precipitate formed in c) at a temperature of 0-350°C in an agueous
environment

e) optionally isolating the resulting material, optionally followed by washing.

By this process a clay material can be obtained which has a total content of
25 sodium and potassium of below 0.5 wt.%. Therefore, it is not necessary to subject
it to an ion exchange step. This is advantageous, because, as indicated above,
carrying out an ion exchange on the final clay material is not attractive in view of its
high normalised filtration time.
In the process of the present invention, if an ion exchange is carried out, it is
30 carried out on the silica-alumina, before addition of the octahedron ion. Silica-
aluminas can be selected to have a much better filterability than the final clay
materials produced by the process of this invention, and therefore carrying out the

ion exchange on the silica-alumina instead of on the final clay results in a more



25 sodi um and potassiumof below 0.5 wt.% Therefore, it is not necessary
to subject it to an ion exchange step. This is advantageous, because, as
i ndi cat eWW@##$871 carryi ng out an ion exchange on the fi nBCTEPHR/INNEH eri al
is not attractive in viewof its high normalised filtration time. In the
process of the present invention, if ,an ion exchange is carried out, it is
30 carried out on the silica-alum na, before addition of the octahedron
ion. Silica- alum nas can be selected to have a nmuch better filterability
than the final clay nmaterials produced by the process of this invention,
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substantial anounts o i um and potassrumw thout a cation
exchange ting hecesgéatal clay being necessary. 5 Incidentally, it is noted

t hat Ron- prepubl i shed international patent application PCT/EP99/05818
filed on June 24, 1999, describes a process for preparing a cogel

conpri si ngcidentaily alt eéntnatédribatt nahipcdpubiishelde inddroatiamal patdnet apgliedtient el enent
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cation exeaage. atdoweixed, optvrally eprecipiation Whkesh plage Ndbe dpreeiptatd iso  t he
oroduct’ ol EGRASHR, Reafll Al of 362 bl Bheh SRRl o,
r equi r enepresipiggion dakelseplagy, agd Hteepsulting precipitate is isolated. It is indicated that
15 the optionally obtained precipitate of trivalent and divalent elements may be
subjected to a cation exchange. However, this reference, which is not directed to
the production of clay minerals. Further, it does not mention any requirements as
to the total content of sodium and potassium of the precipitate, or any
requirements as to the aging step.
20 US 3,803,026 describes a process for preparing a clay-type material in which an
amorphous gel comprising silicon oxide, aluminium oxide, and, e.g., magnesium
oxide is subjected to a high-temperature aging step in an autoclave. It is not
disclosed to first prepare a silica-alumina with a specified content of sodium and
potassium and then add an octaedron ion source, as is required in the present
25 invention.
C.R. Acad. Sc. Paris 7 292 describes a process for preparing, int. al., clays
comprising aluminium, silicon, and, e.g., magnesium by way of a coprecipitation
process. It is not disclosed to first prepare a silica-alumina with a specified content
of sodium and potassium and then add an octaedron ion source, as is required in
30 the present invention.
EP 0 605 044 describes a process in which a glass type material, e.g., boron glass
is reacted with a source of layered ions, e.g., aluminium or magnesium. This

reference says nothing about the sodium or potassium content of the intermediate.



20 US 3,803,026 describes a process for preparing a clay-type material in
whi ch an anorphous gel conprising silicon oxide, alum nium oxide, and,
e.g., nmyedi460n oxide is subjected to a high-tenperaturePEGHERY/ 31 Ep in an
autoclave. It is not disclosed to first prepare a silica-alumna with a :
specified content of sodiumand potassiumand then add an octaedron ion
source, as is required in the present 25 invention. CR Acad. Sc. Paris 7
292 describes a process for preparing, int. al., clays conprising
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preferably of 100 s or lower, and most preferably of 50 s or lower.

Suitable silica-aluminas, also referred to as amorphous aluminosilicates, can be
20 obtained commercially, but they are also easily prepared in any of the various
ways known to the skilled person. A silica-alumina can, e.g., be prepared by
combining an aluminium source, such as sodium aluminate or aluminium sulfate,
with a silica source such as sodium silicate, potassium silicate, a silica gel, or a
silica sol, and, if necessary, adjusting the pH of the mixture to a value at which
25 precipitation occurs. Other routes include providing a heel of a silica source and
subsequently dosing an alumina source at a pH at which precipitation occurs or,
alternatively, adding a silica source to a heel of an alumina source. Furthermore,
several combinations can be used like dosing an alumina source and a silica
source simultaneously to a heel of an alumina source or a heel of a silica source. A
30 silica source and/or an alumina source can also be added at the end of the routes

described above.



15 alumna and silica sources. This latter silica-alumna starting materi al
generally has a nornmalised filtration tine of 500 s or |ower, preferably
of 200 sWQO0W40Hr, nore preferably of 100 s or |ower, an8CHESVEAE er ably
of 50 s or lower. Suitable silica-alumnas, also referred to as anorphous
alum nosilicates, can be 20 obtained commercially, but they are also
easily prepared in any of the vari ousd ways known to the skilled person. A
silica-alum na can, e.g., be prepared by conbining an al um ni um source,
such as sodium al uminate or al um ni um sul fate, wth a silica source such

as sodiumsilicate tassiumsilicate, a silica gel, or a silica sol,
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wi t hout an ion exchange treatnment, of courSe an ion exchange treatnent is
not necessary. However, if the count er-ions of the sodium and
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starting material described above is conbi ned th oct ahedron ion
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example divalent ions of magnesium, zinc, manganese, copper, or beryllium, or
mixtures thereof, and/or divalent ions selected from the non-noble metals of Group
VIl of the Periodic Table. In principle, monovalent or trivalent metal ions which the
skilled person considers suitable for incorporation into a clay mineral octahedron
20 layer may also be used, optionally in combination with divalent metal ions.
Preferably, the octahedron ion comprises at least one ion selected from
magnesium, cobalt, and nickel. Combinations of magnesium with cobalt and/or
nickel and the use of magnesium alone are preferred. In general, it is preferred to
use an octahedron ion which is not exclusively selected from the Group VIII non-
25 noble metals.
The octahedron ion source is, for example, an aqueous solution obtained by
dissolving a salt of the desired octahedron metal in water. Suitable salts include,
for example, sulfates and nitrates.
To avoid an undesirable build-up from sodium and/or potassium in the clay mineral
30 being synthesised, the addition of the octahedron ion source is accompanied by
the addition of less than 0.1 mole, preferably less than 0.05 mole, more preferably
less than 0.02 mole, of the total of sodium and potassium per mole of octahedron

jon.



"octahedron ion" refers to the ion intended to be incorporated into the
octahedral 15 layer of the final clay mneral. Suitable octahedron ions

i ncl ude ¥QAal/'é81ions, for exanple divalent ions of nagnd®TER00A3KIE,
manganese, copper, or beryllium or mxtures thereof, and/or divalent ions
selected fromthe non-noble netals of7Group VI1I of the Periodic Table. In
principle, nonovalent or trivalent netal ions which the skilled person
considers suitable for incorporation into a clay m neral octahedron 20

| ayer may al so be used, opti onal ly in conbi nati on with divalent netal ions.
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t he reactnmnunmeMNﬁnbe adjusted to a value of at least 7, preferably

7-10, nore preferably 8-9.5. Optinum pH val ues can be determ ned by the

skilled person by sinple routine experinentation. To avoid an undesirable
The precipitate formed above is subsequently aged in an aqueous environment to

15 convert it at least partially into a clay mineral. Aging can be done, e.g., for 0,5 to
120 hours at a temperature in the range of 0°C to 350°C, preferably 0°C to 250°C,
the pH being kept at the desired value. When the desired reaction temperature is
above the boiling point of the medium, the aging is to be carried out under
hydrothermal conditions, which, as will be evident to the skilled person, implies that

20 the reaction is carried out in the liquid phase, with a suitable pressure being
applied to maintain the liquid phase at the selected temperature. Generally, it is
preferred to carry out the aging at a temperature below 200°C, more preferably
below 150°C, most preferably below 100°C, since it is believed that the use of
higher temperatures and corresponding pressures results in the formation of

25 material with a lower surface area. Preferred aging conditions include a period of
2-120 hours at a temperature of 0-100°C, preferably 2-24 hours at a temperature
of 60-100°C, preferably 70-100°C. It is within the scope of the skilled person to
determine the optimum aging conditions for producing synthetic clay minerals.
Assuming that stoichiometric amounts of reaction components are present, one

30  will generally produce a material with a crystallinity C, of 60% or more and a
crystallinity Cg of 30% or more, wherein C, and Cg are determined as described in
PCT/EP99/05818.



buil d-up from sodi um and/ or potassiumin the clay mneral being synthesised
10 during the pH adjustnent, less than 0.1 nole, preferably | ess than 0.05
mol e, nor Obﬂgfbrably | ess than 0.02 nmole, of the total JCTERIPILINENA
potassiumis added per nole octahedron ion. The precipitate forned above

i s subsequently aged in an aqueous enyironnment to 15 convert it at |east
partially into a clay mneral. Aging tan be done, e.g., for 0,5 to 120
hours at a tenperature in the range of 0C to 350C, preferably 0C to 250C,

t he pH being kept at the desired val ue. When the desired reaction

tenperature is. abov poi nt of the nmedium the aging is to be
carri ed oé onhE/ r'BFeﬁ‘g Fr?'gednﬂlof‘??ﬂﬂg ki aged Q%V\M"PFrabéa% &ent to

It he sgl | Ledlami.'ffsmgihd zﬁfp.leloe§b|eh\l‘ll®hn%ﬂt tef'g?bb)eﬁlﬁ'éﬂld?ﬂ Ifis® déarréd &k Rdterian Lhe
iquid phase, wit abl e pressure he p to maintain the
li qui d ph%%rbb%i’vaﬁrﬁeedaéréﬁlé%f%ﬁe’?grﬁ)@?‘&?ﬁ?% 'Séﬁﬁr%dl ‘VaShi"i'g 218 Mughdesred to
carry outintdmeivegrogdatesthaeamaioniudi-exdiingw 200C, nore preferably bel ow
150C, émst preferably bel ow 100C, since it is believed that the use of

hi gher” t enperatures and corresponding pressures results in the formation of

25 materiaf Ieﬂdsttdfartaof|tl®él\@<§1dIWfftI@éiﬁna?lrc%®r is Bé@frﬁrnee@)éamé Q%a?&ﬂrqlnta'rﬁ’élgrél I RCl ude ?
refera ours a

period of hour s at erat ure of 100

a tenper afaﬁ'Péég‘g? gg‘efeﬁ@e%ﬁ'i‘? anigh ‘FO'”ltB@‘CSjEt?rtm'P%d fr the %%Wéﬂlsecope of
the skill sitcapgusara sit@rtmgia{a@érrﬂ rsﬁhctehﬁe SiREdrTIThBHNAGIGARRIN AeRR dfdde Produci ng
synt hetic C| ay m ner al s t hat stoichionetric anmounts of reaction

conponent Slcgauminaygnd lgrge %’9 YRi! gIth%@HéF‘%q’r?Vab?rdﬁd?ﬁefoé[“%t:'é)‘| al with a

crystad | i mihd SA%f@l‘ﬁe S0%-QumiFRl 8n@iMisdhe SARSIf@hd By hindeB géne%)f’ iQht MOr e,
wher ei n Cé and det erni ned as described in ~ PCI/ EP99/05818. WO

01/ 46071 éﬁ*/%ﬁtﬁ%fie&a? Y78 legst Be fIRIPTRYY dhnetracienhan dedPrirreble nobmetessi ng,
the aged ghawom neral can be isolated fromthe aqueous environment, e.g.,
by filtragion If so desired, the material can be washed. In this cont ext

it is notBANERA the ACENEARYNAAY inHadieh i are AD@NqUst dhatithe atesic atisr ocedur es
t han amopetWeee Med88edrén ions and the total of tri- and tetravalent metallic elements

15 contained in the product material lies between 0.50 and 1.00, preferably between
0.60 and 0.80. As the skilled person will recognise, in a trioctahedral clay mineral
the theoretical atomic ratio between octahedron ion and tetraeder ion (silica and
alumina) is %. This means that the amount of octahedron ion added will regulate
the amount of clay to be formed. If less than a stoichiometric amount of octahedron

20 ion is added, not all silica-alumina will be converted into clay, and a clay dispersed
in a silica-alumina is formed. If more than a stoichiometric amount of octahedron
ion is added, apart from clay, the corresponding octahedron ion oxide will also be
formed.

25  For environmental reasons it may be preferred that the reaction mixture and the
product obtained therefrom are substantially free from chlorine, fluorine, and heavy
metals. That is, these materials are preferably present in an amount of less than 2
wt.%, more preferably less than 0.75 wt.%, most preferably less than 0.2 wt.%,
calculated on the total solid product formed.

30
Optionally, the final clay material is subjected to a calcination step, optionally a
flash-calcination step. This can be suitabiy done at a temperature of 350° - 900°C,
preferably of 400° - 800°C, for a time period of generally 0.5 - 8 h.



At least part of the acidity of the final clay is determ ned by the
silica/lalumna nolar ratio (SAR) of the tetrahedral |ayer, which is in
turn det &¥MPHBA7by the SAR of the silica-alumna starti n®CHEPEVEIHIC since
the silicon atons and al um nium atons of the silica-alumna by and |arge
end up in the tetrahedral |ayer of thﬁ formed clay. 10 The SAR of the
silica-alumna, and thus the SAR of the clay mneral, generally is at

| east 6, preferably at least 8. It generally is not nore than 30,
preferably not nmore than 20. Generally, the octahedron ion is added in
such an anpunt bet ween the oct ahedron ions and the
total of tPES eNWEH in the
product materi aI Iles betvveen 0 50 and 1 00 preferably bet ween 0. 60 and -
0.80. As the skill erson w |l | reco nise, in a trioctahedral clay m neral

the theor 80 B&4¢ §Y ‘H‘? ralplic BeiViel 15asappiial dhati bR da maleraldwsrai on
(silica aedrfa@d 4k DAL uaést%/oé mzf@lﬁefgi%@W%tﬁéh@,E 35@%2,@%&0% plefdrahigdr on i on

added wi | | gul ate, the anmount o formed. If |less than a

st oi ch?om?ﬂ%a 40000re. %%%F%Y'BH‘GZ@ETm?m%d ASJMD 3868-84)1 silica-al umi na

wi Il be ceneerduBd thenéigy &lidtal h?e&da Borel s Qétﬁ@@cf&% dét@rnﬂn&! bi frogbsM na is
formed. If nore than a stoichionetric anpunt of octahedron "ion’is added,

apart f ror‘Hqu’rB?O” t(rﬁed%o'?rtoé‘éfb‘?fneﬁ PO WRIsEIrestsi tha felavdrs vipqyireiests: be

formed. 2%\Keso ARy iy Qrer@aﬁnglabw@e@ssm/gs A BRI 8b6vedo 5hallg, Idhen r eact i on
m xture and the product obtained therefromare substantially free from

chl ori ne, mqra@fﬁfﬁ@b'ymvwa?/w/grrBVéﬂpsﬁo TRats Rreferatisgeoves?- & mik, saie e

pr ef engbl brgé,@@grﬁboy@ 0 mageHtevRh nh&é%réfmal %bo% Ooé?m re preferably |ess
than 0.75 w nmost preferably | ess than 5 cal cul ated on the

total sol |QF”6F%‘Mu€t'e?%r5§eﬁ pr%feraeb/t?%/nézr mpre, tqﬁéher alhmm"é;rna@/theaftr@# Flay is

subj ect ed.4etrah§&!awéwra.ﬁéte§t@s0can%a&&%héfd @s.n%mﬁm ﬁatlon step. This
can be suitably done at a tenperature of preferably of 400 -

800C, f or High FeioNFXENINPSOFaPgEties arq 6}esaaele in 8ra¢kmm@pm<7amgw TecRtEPOY 13176
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i nvention
15  generally is at least 0.5 wt.%, preferably above 1.0 wt.%, more preferably above

2.0 wt.%. Typically, the cation exchange capacity of the final clay is less than 10

wt.%, more typically less than 5 wt%.

The total content of sodium and potassium of the clay mineral produced by the

process according to the invention is less than 0.5 wt.%, preferably less than 0.2
20  wt.%, more preferably less than 0.1 wt.%, most preferably less than 0.75 wt.%,

depending on the final use of the clay mineral produced by the process according

to the invention.

The average diameter of the clay platelets is not more than 1 um, and is preferably
25 between 1 nm and 0.5 um, more preferably in the range of 1 nm to 0.1 um, still
more preferably in the range of 1 to 50 nm, and most preferably in the range of 1 to
20 nm. The average degree of stacking of the clay platelets is not more than 20
platelets per stack, preferably not more than 10 platelets per stack, more
preferably not more than 5 platelets per stack, and most preferably not more than
30 3 platelets per stack. The lower limit, needless to say, is constituted by unstacked
clay platelets, which have a "degree of stacking” of 1. These parameters can be

determined using electron microscopy.



To have sufficient catalytic activity, it is essential that the clay
material has a surface area of at |east 300 nR/g, preferably at |east 350
me/ g, an¥OfdHe07breferably 5 at |east 400 n2/ g, as deter nPAREEPOVEBIThe BET
nmet hod (ASTM D 3663-84). Preferably, the clay mineral has a pore size

di stribution as determ ned by nltroge]:b adsor ption (nodel Broekhof, de
Boer) which neets the follow ng requirenents: PV(<60 nm is preferably
above 0.35 m /g, nore preferably above 0.5 m /g, even nore preferably
above 0.7 m/g. PV(10-60 nm is preferably above 0 1 mM/g, nmore 10

f bl f 3 m./g.
Gener ai 1y MSEoY 8t deull pledt BERNoTHR e R e BB rd IS AU n < ne
final cl ageriads Thetmgi‘iaedhalat;y\gdempdlanaew_,annghe:amglaetmagamgm@rﬂj ise ng
2T S BB i o L, SRR SBRTE SR RGeS
process ometéh@npnemnncorpmtﬁd iato thé&c@ndrailldwrils say, dimishs @rebuseld, %0
pr ef er5ab| %ﬁ?ﬁ&g%tslogta ed%)vl rﬁ) Eh ‘if etraraF]gé wbé)rlvggén?ﬂlérn "%/'?JS ;I' pusﬁ%l 'y, the

cation exc ge capacl nor e
t ypi cal | yThedsgrehanf sﬁaokltﬁ?;j)ls'ﬂeﬁemmmlondben@ﬂtt sEnGto @f the suictiopoRasgh um of the

clay m ner ced by the esacordln to, the invention is |ess
than 0.5 x\g\:ﬁco}ﬁ Feg%&f é"& !518?0)? gy g{aﬁg atrg ik \X)fh%@ 3 IRy it éF%?%*bW"' | ess than
0.1 wt. % geresallypead &r sthicjurkesshibitisglithe éackihg% depending on the final use

of the clay mneral produced by the process according to the invention.
The average dianeter of the clay platelets is not nore than 1 m and is

pref et@bl § so2Bedietdneion c]aytsnmaylcbd) pmanad Mhie .woeﬁeer@bbnyunbnoltgbmefsaroge of 1 nm
to 0.1 m m)reg%re era ran nost

pr ef er abl ?/a}'mersh%f Pah U'EF‘LT“t OrQthrﬁ'rCGﬁ’l'@ a@re?tﬁ'ﬂfémd@@r%tEdW 9 ki ng of

the clay plchbpyebstwesnnibe iy platdiets. SGitabhd pliletied Braeessest srekdespritefder abl y not
nore than_10. yk@?@%g er stack, nore preferably not nore than 5

pl at el et seﬁérJ b nost preferably not nore than 30 3 platel ets per
stack. The lower limt, needless to say, is constituted by unstacked clay
pl at e

IR Lty LR o e e =N
suitable for use in catalytic applications. More specifically, they are suitable for the
performance of chemical reactions catalysed by a Lewis acid or a Bronsted acid.
Examples of such reactions include (fluidised) hydrocarbon cracking,
isomerisation, polymerisation, hydration of olefins, alkylation of aromatics, e.g., by

20  Friedel Crafts, and dehydration of alcohols.
The materials prepared by the process according to the invention are particularly
suitable for use in hydroprocessing of hydrocarbonaceous feedstocks. They can
be incorporated into a hydroprocessing catalyst, which is then used in
hydroprocessing as described in WO 96/07477. For a description of the catalyst

25 composition reference is made to page 3, line 7, through page 13, line 10,
particularly page 3, lines 8-17, through page 13, line 10 of this document. The
preparation of the catalyst is described on page 13, line 11 through page 15, line 5.
The use of the catalyst is described on page 15, line 7, through page 18, line 7.
The materials prepared by the process according to the invention can also be

30 applied in hydroprocessing in accordance with what is described for the cogel in
non-prepublished international patent application PCT/EP99/05818 mentioned
above. For a description of the catalyst, reference is made to page 25, line 5,

through page 27, line 29. For the preparation of the catalyst, reference is made to



10 The size of the clay platelets is dependent on the aging tenperature and
the aging period. The higher the aging tenperature is and the |onger the
agi ng pemW®@olly460te | arger the clay platelets will be. ThePSTFEP00/E313¢ so
dependent on the nature of the netal ions to be incorporated into the
octahedral layer. If, say, zinc ions are used, 5 the platelets obtained

w Il be much | arger than when rragneél umions are used. The degree of
stacking is dependent on the ionic strength of the solution. A high ionic
strength will give nmuch-stacked structures, while a lowionic strength wll

generally lead to structures exhibiting little stacking. 10 If so desired,
t he cl ayRageesB. e Ji threwaidrageds linges| bersthpruseiddithrycaiplysforaiesnes is pol yners
say, m %Jjéu{g Pidemo, q;,l;g Q%ngthta g@@l iHE 0 titanium hydrated by cation
exchange et ween the clay platel Suitable pillaring processes are
descri beddditianagy, the matgyial erofused. bYItBe PHcefnBeearding t@lﬂt%l”ﬁ@@'%‘ycatrhe process

accor di ng {,ged hembreé%étttt%ner%eeat (O ribhl fop AP ferh QlordP Batef catal yvti ©
appl i cat1ons. gg{gm fical J@ﬁg are sul ta erformance of
L

cheni&al anréleettqnoﬁ’t@T/ 20949, fﬂ?d an £5,41898. ber @emeornﬁyt@mmltlén Exanpl es
of such (RaChIORSMARE o%’&‘gé? g‘ d‘# Stﬁr"&tgal kg?"ear RO B9 CERLIAM, paée’sgme” sation,

pol yneri sation, hydration o ion of aromatics, e.g., by 20
Friedel IDesfa-45 rage Hdingel 2at30p page 8alinAél Brouphepaget Briingl 29. ﬁpeﬁa&r ed by the

Process aih £tddo Eﬁoéh&dlt %m%ﬁudaéfrué}a'iéfér%uk@t{r%adé%h%’% use in

hydroproces rocar onaceous eedst oc e’ |ncorporated
into a h@‘drtbmuebemiQEn@ dine Aty $tor thehbedh of $his hetaly@wdferwcehyquﬁ tcessing as

descyd be 1%@@/@704]%535@1?%%%0r| ption of the catalyst 25 conposition

referenc ne 7, through page 13, |ine 10,
parti cul Elnet ylte;ﬁalg%n%of the@@vemehtlonm mﬁgﬁnmaelecormra@dm wferentes document .

The prelgfadrt%l g&eﬂw&elcg% | yst is described on page 13, line 11 through

page 15 use the catal yst is described on page 15, line 7,
t hrough page 18, line 7. The nmaterials prepared by the process according

w th e B Ry Ik L cpubl | shed i nter nati onal
pat eti apipd saapleds eREBhERPY Yires s it & 6r2emiolar NaCl solution for one hour
at a temperature of 20°C. For each gram (dry base) of the sample, 100 cm® of
NaCl solution is used. The pH of the solutions is not adjusted during the exchange.
Subsequently, the exchanged sample is washed with water until no chloride can
be detected in the wash water using a silver nitrate solution. The amount of sodium
20 incorporated into the sample after these exchange and wash steps is determined.
The cation-exchange capacity is expressed as wt% sodium in exchanged sample

(dry base).

Determination of the normalised filtration time NFT

25 The silica-alumina slurry which is to be subjected to the cation exchange step is
filtered at a temperature of 60°C at 20 cm Hg underpressure using a filter of
approximately 100 cm? with a black ribbon - 589 filter (commercially available at
Schleicher and Schnel) to obtain a filter cake with a thickness of between 10 and
15 mm. An amount of 1.5 displacements of demineralised water with a

30 temperature of 60°C is gently poured onto the filter cake and filtered until the
surface is just dry. This washing step is repeated twice. Then the filter cake
thickness d, in mm is measured. An amount of 1.5 displacements of demineralised

water with a temperature of 60°C is filtered until the surface is just dry. The



above. For a description of the catalyst, reference is nade to page 25,

line 5, through page 27, line 29. For the preparation of the catalyst,
r ef er encwoios/4emade to WO 01/ 46071 PCT/ EPOO/ 13176 11 page BPSI/EP10f1&178,
t hrough page 29, line 25. For the use of the catal yst, reference is nade

to page 30, line 1, through page 33, line 15. Additionally, the materi al

produced by the process according {'é the invention can be used in the

catal yst carrier described in non-prepublished international patent 5

appl i cati on PCT/ EP99/ 05049, filed on July 15 1999 For the carrier

conposition, reference is made to p ne t hr ough page 9, line 29,

speci f i EaaIrgd fage in secordsder %‘el"@terpt&& fﬁter?q W@%Jgi‘éh%@”erpﬁféé igthi§ j ne 14,

t hr ough| RegRatdn dibHR dlernfidq.t he catal yst conposition resulting fromsaid

carrier, reference is made to page 9, line 31, through page 10, |ine 31.

For the use of this catalyst, reference is made to 10 page 11, line 1,

t hr oughtRagsdised fil@tidn tilBFCH IE%QchffaﬁerSa&Broﬁﬂbetlep@fbﬁomgteme references

are incorporated by reference into the present specification.

Det €?mi nati on of the cation exchange capacity (CEC) 15 The sanple is

exchanged three times with a 0.2 nolar NaCl solution for one hour at a

t enper atNAe=0+—20C. For each gram (dry base) of the sanple, 100 cnB of

NaCl sol utiod-32 used. The pH of the solutions is not adjusted during the

exchange. Subsequently, the exchanged sanple is washed with water until no

chloride can be detected in the wash water using a silver nitrate

sol ut i oWith Pheingrihertorprlisssdhishness of hiedliish Faltetrisiated he sanpl e after these

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

expressed as wt % sodi umin exchanged sanple (dry base). Determ nation of

the@] ﬁl igédmpiltration time NFT 25 The silica-alumina slurry which is to
d T @,);191 the cation exchange step is filtered at a tenperature of

60C at 20 cm Hg underpressure using a filter of approxinmately 100 cnR with

a black ribbon - 589 filter (commercially avail able at Schl ei cher and

Schnel ) T%Os qu?tsaelcgn S { IeI IEIEJI" c%?rlégpovr\ths r‘fo %h I?ltratlgr(?%i%eoiL W P\'\qe(r\}olume?nd

displacement passes through a filter cake with a normalised thickness of 10 mm.

15 Example 1

An amorphous silica-alumina was prepared by co-precipitation at pH 4.5.
Subsequently the material was ammonium exchanged to obtain the following

characteristics:

total of sodium and potassium 0.12 wt.%
surface area (BET) 156 m?/g
cation exchange capacity 6.3 wt.%
%Al(tet) 92%
Silica/alumina molar ratio 8.4

NFT 12's

20
An amount of 23.8 g amorphous silica-alumina filter cake (8.1 g d.b.) was
reslurried in 90 g water. To this siurry, a soiution of 25.2 g Mg(NO3),.6H,0 in 101 g
water was added (pH 4.9). The temperature of the mixture was raised to 100°C.
Subsequently, the pH was adjusted to 9 using a 10 wt.% NH,OH solution. The



15 mm An anount of 1.5 displacenents of dem neralised water with a 30
tenperature of 60C is gently poured onto the filter cake and filtered until
the surfaxe/46871) ust dry. This washing step is repeated tRCTEPOFIEW t he
filter cake thickness d, in mMmmis neasured. An anount of 1.5 displacenents
of demneralised water with a tenperature of 60Cis filtered until the
surface is just dry. The WD 01/ 460711PCT/ EP0O0/ 13176 12 required time t in
seconds for the water to be filtered through the filter cake in this |ast
filtration step is determ ned. The normalised filtration time NFT is

cal cul ated according to the followng equation 5 NFT=t 1.50 wth D

bei ng t hembtirermiep gead ehi @k keas2@hoyrrédn picased pelRePEaNe iArateisamrle 10 D = d,
(mm) 10(08& mJAﬂwzs éhéh ﬁl?‘e‘?@&‘gﬁdt\/\ré%hél'f-{h&eﬁérﬁ?%ﬁ'@%nﬁr%rélﬂédvatérr mon tine in

which 1 | acenent passes through a filter cake wt
nor mal | sed]‘leﬁrﬁam@r*%@s?ocﬁ shgwghthe @O\Ebﬂﬁrﬁbla@cle”ﬂ\ﬁpsarmr phous sili ca aI um na
was prepared by co-precipitation at pH 4.5  Subsequently the material was

ammoni um exchanged to obtain the following characteristi cs: total of
sodi um artdtahot sesiruandpat2ssiemdo surface ar eQaO‘(BET) 156 m /g cation
exchangeWmﬁm—%—% (tet)—92% =) 4 f'hdfgou omanotar—ratio 8.4
NFT 12s n anount “of 23.8 g anorphous silica“alumna filter cake (8.1 g
d. b.) wagpore volume <60 nm 0.380 mi/g

pore volume 10-60 nm 0.105 ml/g

cation exchange capacity 2.3wt.%

silica/alumina molar ratio 8.5

magnesium/aluminium+silicon atom ratio 0.69

XRD Magnesium saponite

5
Example 2

An amorphous silica-alumina was prepared by co-precipitation at pH 9.
10 Subsequently the material was miidly ammonium exchanged to obtain the

following characteristics:

total of sodium and potassium 1.43 wt.%
Surface area (BET) 226 m°/g
cation exchange capacity 5.8 wt.%
%Al(tet) 100%
silica/alumina molar ratio 11.1

An amount of 79.1 g amorphous silica-alumina filter cake (12.4 g d.b.) was
15  reslurried in 118 g water. To this slurry, a solution of 40.6 g Mg(NO;),.6H,0 in 133
g water was added (pH 5.6). The temperature of the mixture was raised to 100°C.
Subsequently, the pH was adjusted to 9 using a 25 wt% NH,OH solution. The

mixture was aged at 100°C for 24 hours in a closed polypropylene jar. The sample



reslurried in 90 g water. To this slurry, a solution of 25.2 g

My(NG3) 2. 6H20 in 101 g water was added (pH 4.9). The tenperature
m xt ure wasoirdadded to 100C. Subsequently, the pH was adj BSTEROV/ 131
10 wt. % NHACH sol uti on.
at 100C for 20 hours in a closed polypropylene jar. The sanple
was then filtered and washed thoroug with dem neralised water.
dried sanple (120C) showed the follow ng characteristics: total of
and potassium0.01 wt. %
0.380 m/g pore volune 10-60 nm 0.105 m /g cation exchan
Ww.% sil PE@I“&?UW??I&“%I"&W%@P@ washegpyhile SJamineralisad matah-

ratio 0.6,k ( W@"@ﬁ%hb‘\ﬂé@ﬁﬁ%ﬂ&ﬁn% émﬁéét@ﬁét

capac

hei gt

ge

of the
B using a

The WO 01/46071 PCT/ EP00/ 13176 13 mi xture was aged
obt ai ned

The
sodi um

surface area (BET) 384 M2/g pore volunme <60 nm

ity 2.3
atom

gs2 An anor phous silica-alum na

was prepared by co-precipitation 10 Subsequently the material was
m | dly anmmoni um exchanged to obtain the foll owi ng characteristics: total
of sodi urmrgEHo: EaH SBSu - 9% Surface grog%(o?E‘l‘)—‘Zﬁﬁ“‘M—ng——cati on
exchange caoa8| y % %Al (tet) 100% |silical/alum na nolar tio 11.1
An anount S@ﬁa@a@agBﬁﬁbr phous silica-al um na7figer cake (12.4 g d.b.) was
15 reslur L& gmater. To this slurny, |ution of 40.6 ¢
I\/g(N03)2 H%q/dld}‘n% §0 wat er was added (pfwgpg)nﬁ%The t enperature |of the
m xture wagrer\mltse@j%OImmc Subsequent |y, |03&81pHanas adj usted to |9 using a
25 Wt % NHHEEh S SRcHEAGE caph Ry 21 wt%

silica/alumina molar ratio 11.2

Magnesium/aluminium+silicon atom ratio 0.82

XRD Magnesium saponite and trace

amount of brucite




m xture was aged at 100C for 24 hours in a closed pol ypropylene jar. The
sanpl e WO 01/46071 PCTI EPOQ 13176 14 obtained was then filtered and washed
wi th demw@dideddled wat er. The dried sanple (120C) showedPCREPPGIIIDN Ng
characteristics: Total of sodium and potassium0.03 w.% Surface area
(BET) 571 M 2/g pore volume <60 nmQ.803 m /g pore volunme 10-60 nm 0. 321
m /g cation exchange capacity 2.1 w19% silica/alumna nolar ratio 11.2
Magnesi unt al um ni umtsilicon atomratio 0.82 XRD Magnesi um saponi te and
trace anount of brucite 5 WD 01/46071 PCT/ EPOO/ 13176 15 dainms 1. A
process for preparing a synthetic clay mneral which conprises silicon,

al um ni un‘b and at | east one octahedron ion, which clay mneral has a total
5 cont ent &M% odi um and pot assi um of | ess than 0.5 wt. % conprising the
steps of a) providing a silica-alumna with a total content of sodi um and
potassiumof less than 2.0 w.%b) conbining the silica-alumna with an
oct ahedr oh. i onAsgraegss fion pgapealing a shOthetinrobay miverallvessh tdrapris@s kilicoh.e of t he

total of sodi Ugfuﬂﬂmgr(ﬁt %ﬁ&'aw%ét one a&’:ﬁﬁ%dp IOEDYVRICR Ocr%lﬁgraﬂ géc(ﬁ han IO 1

necessary, adjustin 0 a value o east3!
nole o the toc@ntem ofssmﬁlemmddpqﬁ%wmqirieisethag @8detds pesmpnidirg thef
oct ahedron i onst(ng iopg t he pH adj ustnent,
a) providing a silica-alumina with a total content of sodium and
potassium of less than 2.0 wt.%
b) combining the silica-alumina with an octahedron ion source in such a
10 manner that less than 0.1 mole of the total of sodium or potassium is
added per mole of octahedron ion,
c) if necessary, adjusting the pH to a value of at least 7, with less than
0.1 mole of the total of sodium and potassium being added per mole
of octahedron ion during the pH adjustment,
15 d) aging the precipitate formed in c) at a temperature of 0-350°C in an
aqueous environment,
e) optionally isolating the resulting material, optionally followed by

washing.

20 2. The process of claim 1 wherein the silica-alumina is provided by subjecting
a silica-alumina with a total content of sodium and potassium of more than

2.0 wt.% to an ion exchange with ammonium or a hydrolisable metal ion.

3. The process of claim 1 or 2 wherein the silica-alumina is obtained by
25 combining an aqueous solution of a silica source with an aqueous solution

of an alumina source.

4. The process of any one of the preceding claims wherein in step c¢) the pH

is adjusted by the addition of a base to a pH of 8-9.5.



15 d) aging the precipitate forned in c) at a tenperature of 0-350C in an
aqueous environnent, e) optionally isolating the resulting material,

opt i onal MO 0146PBwed by washing. 20 2. The process of cl aPGTEPAHENZ n t he
silica-alumna is provided by subjecting a silica-alumna with a total
content of sodium and potassi um of mre than 2.0 wt.% to an ion exchange
wi th ammoni um or a hydrolisable netal G on. 3. The process of claim1 or 2
wherein the silica-alumna is obtained by 25 conbining an aqueous sol ution
of a silica source with an aqueous solution of an alum na source. 4. The
process of any one of the preceding clains wherein in step c) the pH is
adj usted by the addition of a base to a pH of 8-9.5. WD 01/46071
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wherein the octahedron ion co es . at ééSt oge ion selected from

magnesi um zi " GAEIRYSARsE 163 péme B yF Ad EFNESYM | 2R6n- nobl e

metallic 5 eI ﬂ‘(mgbﬁesefi cdpier proee@im ofarel aGisup Wher gbiinétie adtaiedron ion

conprlges at ﬁ ion selected from nagnesi um cobalt, and nicke
Pents.

6. The process of claim 5 wherein the octahedron ion comprises at least one

ion selected from magnesium, cobalt, and nickel.



