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reaction products and unreacted reactants. Anot her probl em
occurring in catalytic reactions in the presence of heterogeneous
catalysts relates to the occurrence 5 of transport inpedinents in the
porous catal yst body. In the | i qui d phase diffusion coefficients are
generally a factor 10[err] | ower than in the gaseous phase. As a
result, soon trafepeft Synthdfiasdigilsny icdaywhdnelradb- porosity solid
catal ysts are used in liquid phase reactions. Especially in

organo-chem cal 10 reactions transport inpedinents have a highly adverse
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requires a cat W t short and wi de pores. A thi g t as
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separation of t I qui d ase tion been
carried out, sul@stax)tmblarlmalteretnslmetl Mr(ﬁa@éonﬁﬂat Examplgg of clay

presence Of1 SPRL 4 vPPEI?Ssuﬁé\iHﬂtMl%‘P ﬂﬂ‘%‘é.'lre%ts 'I%hls are_ montmé2i 8l ¥site
bodi es, which ren %ers separation fromthe 30 a nor
d|ff|Cu|t agalnand beldelllte, examples of clay minerals w%%h sggs%antlafly
divalent ions are hectorite and saponite. The metal ions
present in the central layer are octahedrally surrounded by
oxygen and hydroxyl ions. In a clay mineral wgfh trivalent
15 ions, two of the three octahedron positions are occupied by
metal ions. Accordingly, this is referred to as a di-
octahedral clay mineral. In a clay mineral with divalent metal
ions, all three octahedron positions are occupied by metal
ions; this is referred to as a tri-octahedral clay mineral. On
20 opposite sides of this léyer of octahedrally surrounded metal
ions occurs a layer of tetrahedrally surrounded ions. These
tetrahedrally surrounded ions are generally silicon ionms,
while a part of the silicon can optionally be replaced by
germanium. The unit of the tetrahedrally surrounded silicon
25 ions is Si05(OH). In this connection it is noted that in the
tetrahedron and .octahedron 1&yers-the actual point where the
charge is located cannot always be indicated equally clearly.
The term 'ions' as used in this context accordingly relates to
the situation where an atom, given a completely ionic
30 structure, should possess an electrostatic charge
corresponding with the oxidation state.
Essential to clay minerals is that a part of the catiomns
present are substituted by ions of a lower valency. Thus it is
possible to substitute a part of the trivalent or divalent
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- the platelets. Generally, these cations are included in

15 hydrated form, which leads to the swelling of the clay. The
distances between the three-layer platelets is;increased by
the inclusion of the hydrated cations. This capacity to swell
by incorporating hydrated cations is characteristic of clay
minerals. ' _ '

20 If no metal ions or‘'silicon ions: are substituted by ions

" of a lower valency, the platelets are not charged. The mineral
then does not absorb any water into the interlayer and
therefore does not swell. The mineral with exclusively
aluminum in the octahedron layer and silicon in the

25 tetrahedron layer is pyrophyllite and the mineral with
exclusively magnesium in the octahedron layer and silicon in
the tetrahedron layer is talc. The swelling clay minerals

"having a negative charge of from 0.2 to 0.6 per unit cell,
-010(OH)2, are known as smectites. .

30 The cations 'in the interlayer of swollen clay minerals
are strongly hydrated. As a result, these ions are mobile and
can be readily exchanged. The exchange is carried out by
suspending the clay mineral in a concentrated solution of the
cation to be provided in the-interlayer. The high

35 concentration provides for a concentration gradient as a
result of which the exchange proceeds. Upon completion of the
exchange} the concentrated solution is removed by filtration
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If it is desired to provide Brensted-acid groups in a

15 hydrated clay mineral, in general hydrolysing metal ions are
provided in the interlayer. As a result of the hydrolysis,
hydrogen ions are formed. Upon reduction of tng‘amount of
water in the interlayer, for instance through thermal
desorption, the acid strength increases. Due to the lesser

20 amount of water, the residual water molecules are polarised
more strongly by the metal ions. Upon complete removal of the
water, however, the Brensted-acid groups disappear. If it is
desired to impart Brensted-acid properties to clay minerals at
elevated temperatures, (hydrated) ammonium ions can be

25 provided in the interlayer. Upon heating, the water and the
ammonia escape while a proton remains behind.

Natural clay minerals have long been used for the
practice of catalytic reactions in liquid and in gaseous
phase. In general, the catalytic activity of clay minerals is

- 30 based on the presence of Braznsted- or Lewis-acid groups in the
clay minerals. In the conventional acid-catalysed reactions in
the liquid phase often sulfuric acid is used. This acid yields
Brensted-acid groups while, moreover, it can dehydrate in that
it has'strong water-binding properties, and can take up

35 undesired higher molecular by-products. What results, however,
are large amounts of polluted sulfuric acid, acid tar, for
which it is difficult to find any use. Neutralisation of large
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scale, this selid @ \eatiadgsts that are -suitable for carrying out such

15 acid- catalysed reactions. Accordingly, one of the objects of
the lnventlon is to provide such solid acid catalysts for
carrying “out reactions in the liquid and/or gaseous phase,
which are catalysed by Brensted- and/or Lewis-acids.

Of great importance in this connection is the degree of

20 hydration of the clay minerals. If water-immiscible, liquid
reactants are to be processed, the presence of water on the
surface of clay minerals prevents the required intensive
contact between the reactants and the clay surface. The water
will preferentially wet the clay surface. In many'liquid phase

25 reactions, therefore, it will be necessary to priofly
dehydrate the clay mineral to be used. This must take place
without any substantial reduction of the accessible clay

. surface. Also, the reagents used will generally have to be
dried to a far- reaching extent. _

30 Another important problem with the use of solid catalysts
in liquid phase reactions is the separation of the catalyst
from the reaction mixture. Generally, this is effected by
filtration or centrifugation. The known, mostly natural, clay
minerals generally lead to a compressible filter cake. This

35 makes it cumbersome to separate the clay mineral by filtration
or centrifugation from the reaction products and unreacted
reactants. One of the tasks of the invention is therefore to
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In summary, clay minerals for use as liquid phase
20 catalysts should satlsfy the followzng, partly contradictory,

requirements:

. (i) a far-reaching dehydration must be possible without a
substantial reduction of the active surface accessible to
reactants, '

25 . (ii) ready separation of the liquid phase in which the
reaction has been carried out,

. (iii) excellent'transport properties, that is, the

presence of wide, short pores; short pores require small
catalyst bodies, which renders the separation from the
30 liquid phase more difficult again.

In the gaseous phase clay minerais were used especially
for catalytically cracking petroleum fractions. By the end of
the thirties, natural clays were used on a large scale in the
catalytic cracking of petroleum fractions. Soon, however, clay

35 minerals were replaced by amorphous aluminum oxiderilicon
dioxide catalysts, which were found to satisfy better the
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15 heavier fractions can no longer be cracked with zeolites.
The elementary platelets of current, natural clay
" minerals ‘are relatively large, > 1 to 30 um, while mostly a
large number of platelets, viz. more than 20 fb 50 elementary
platelets, are stacked into packages. As a result, upon
20 dehydration, which renders the. interlayer inaccessible, the
catalytically active surface is relatively small. Is has now
been found that the accessible surface of dehydrated clay
minerals can be markedly enlarged by 'pillaring' the clay
mineral. In that case, by metal ion-exchange hydrated
25 oligomers or polymers of inter alia aluminum, zirconium,.
titanium and/or chromium'are provided between the clay layers.
Upon dehydration, a metal oxide 'pillar' is left. After
deﬁydration, the distance between the clay layers varies from
0.6 to 1.6 nm.'It-is'endeavored_to realise even greater
30 distances between the clay layers by érranging greater
pillars. This is to make it possible to process heavier

Pl

petroleum fractions.
Especially'arohnd'1980) much research was done on the
pillars of clay minerals, as appears from the number of patent
35 applications filed and the number of patents granted. An
example is U.S. Patent 4,176,090, which discloses pillared
clay materiélé that are useful as'catélysts and sorbents.



30 seens to be the chief problem Purifying natural clays is
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which is technically problematic. This appeared-herei nabove in the 35
di scussion of US-A 4,176,090, which publicati an nment I oned t hat . much

| eakage of clay particles through the filter occurred. In addi tion,
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from natural taggésggk?hTﬁgnéggggér part of the interlayer is now accessible
to gas molecules since the -elementary clay layers are kept
15 separate by the oxide formed from the polymeric complex. As
appears from the examples included_iﬁ the patenpt
specificétion, half an hour is sufficient to complete the
exchange in the aqueous suspension. It should be noted here
that in the examples relatively small clay particles are used,
20 viz. less than about 2 um. This appears from Example 3 of the
above U.S. Patent 4,176,090; in fact, it is communicated that
the separation of the clay particles from the aqueous phase
poses problems. For this reason, in that example a |
flocculating agent is used. For this purpose, inter alia a
25 sodium silicate solution can be used.
Mentioned as pillaring agents are positively charged
“hydroxy complexes of aluminum, zirconium, and/or titanium. In
one of these examples, a mixed hydroxy complex of magnesium
and aluminum is prepared. In most examples of the above
30 U.S. Patent 4,176,090 pillaring is carried out with polymers
baéed on hydrated aluminum oxide. It is possible to prepare
discrete complexes with thirteen aluminum ions, the so-called
A113'complex. However, it is difficult to obtain this complex
in pure form; nearly always a considerable part of the
35 aluminum is present in the system in a different form, while
the strongly diluted solutions of Al;3; generally necessitate



20 nmagnesium oxygen and silicon and which occurs anply in nature I n
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carbonate, is heated at 760 to 980C for approximately 1 hour. After
cooling, water glass and soda are added and for 8 to 16 hours the

m xture thus obtained is 25 treated hydrot@ermally, I.e. at high
tenperature and high pressure, under agltatlon of the preparation. It
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in much wider pores.

15 U.S. Patent 4, 216 188 relates to the preparatlon of
pillared clay mlnerals from bentonite (montmor;llonlte) Here,
polymeric hydroxy complexes of alumlnum and chromlum are
mentioned as reagents for obtaining the pillars. The process
of this patent distinguishes over that of U.S. Patent

20 4,176,090 in that now the colloidal suspension of the starting
clay mineral is prepared more carefully. The clay mineral is
suspended in water and by treatment with NaCl the interlayer
ions originally present are exchanged for sodium. Then the
suspension is washed_thoroughly and the last residues of NaCl

25 are removed by dialyses. By centrifugation, the particles of
less than 2 pym are then separated. Next, the suspended clay
particles are reacted with the polymeric aluminum or chromium
complex, with the concentration of the chromium complex in
particular being very low. After a thermal treatment at 150 to

30 450°C a BET. surface of 160 to 240 m2 per gram is obtained. This
patent mentions a distance between the elementary platelets of
about 0.9 nm. _ _

U.S. Patent 4,248,739 describes a method wherein the
pillars are provided using positively charged hydroxy
'35 complexes having a molecular weight of from 2000 to 20,000.
However, the properties of the calcined pillared clay minerals
are not significantly different from those mentioned in
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i ci ency sitive charge is
dlmepstS sodthat such mataniad sacanpbes S tBbl®een t he

helerogeneous catalysts for such red@EEbe95bﬂg295ndltlon,
however, is that "the materials can be prepared on a technical
scale in a well reproducible manner.

- Now, the preparation of suitable pillaring agents, such
as the polymeric hydroxy complexes on a techn%éél scale is
difficult. In general, there are only a few businesses that
produce suitable solutions of these complexes. In addition,
in most cases the fraction of the aluminum that is present
as Alj3 is not large. As a consequence, very large volumes have
to be employed to produce large amounts of pillared clay
minerals, which in general is technically very difficult.
Aécordingly, one of the objects of the invention is to provide
processes for the production of suitable pillaring agents on
an industrial scale. Since the provision of the'hydrated
pillars in the clay mineral does not pose any problems
technically, provided the clay particles are not too large,
the production of the hydrated pillars on a technical scale
seems to be the chief problem.

Purifying natural clays is cumbersome. In general, the
clay must be suspended and the impurities allowed to settle.
Then the clay must be separated from the suspension, which is
technically éroblematic. This appearéd hereinabove in the
discussion of US-A 4,176,090, which publication mentioned that
much leakage of clay particles through the filter occurred. In
addition, there is the problem that important clay minerals do
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conponéent.  pature, the synthesis of this mineral is of interest. This
preparation starts from natural talc, which contains
20 magnesium, oxygen and silicon and which occurs amply in nature
in pure form. This'material, after being crushed and mixed
with lithium carbonate, is heated at 760 to 980°C for
approximately 1 hour. After cooling, water glass. and soda are
added and for 8 to 16 hours the mixture thus obtained is
25 treated hydrothermally, i.e. at high temperature and high
pressure, under agitation of the preparation. It is clear
that this is a relatively costly preparative procedure.
This also applies to the method for the preparation of
synthetic claf'minerals discussed in US-A 3,671,190. In this
30 patent it is observed that the preparative procedures thus far
known have only been carried out on a laboratory scale and
often yield only milligrams of the desired clay mineral which
moreover is often polluted with quarts. In the method of
Us-A 3,671,190, magnesium and silicon are coprecipitated by
35 mixing water glass with a solution of a magnesium salt. The
suspension thus obtained is'thgn treated hydrothermally. To
that end, the mixture is maintained under pressure at 250°C
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13 - wo9A7¢s3rt of the hydroxyl groups present in the RCIINIISPNG29S
can partly be replaced by fluorine. For processing heavi er

petrol eum fractions, catal ysts havi ng pores bf:-at |least 6 nmare
preferably used. For the 5 tinme being, thigjseens hard to achi eve by
nmeans of the pillaring of clay materials. For this reason, a follow ng

gbjh egt i YedOfft{ﬁﬂ %\biealﬂlﬁ:i qnhbgrtsowtn\[/bagrﬁiﬁq: nximexalaifmf Wig to control
ehydrated state, ar ge _an r ccessibl.e urface. Effaort Le
directed to ha\ﬁ’ﬁg%‘? e%cf’?vgrgﬁ?g;iéxigmﬁr%%‘intfer?(ﬁev‘\/l" ® ‘%ﬂe&ﬁcﬁnsa of the
dLnension of atcrystafllGtes). One of - the objectives of the invention is
t he preparation of \.pe |,N éégg d qgﬁﬂﬁgﬂy
pl atel ets are hgr‘ﬁ%‘? r?ﬁt% Iéaé?égkgé&gﬂ?lﬁﬁﬁr ou_steféﬁ Cgﬂar S, as} it
were. Such 3 heolsy sinexeds- sndcthechighcpricetef | gamhgtihclay Hneyalse
of wide pores had Nge?oB0tEay! AEnEladl £6ASéafalftic purlifud iR denaiR@as

of nitrogen sorption_at 77K, “as descri bed by S, J. Gegg & K S W_Sin

i n ' Adsor pt i ondudker dd@ikeda Ahghoughpphe sP?'??n%\c]a’dte?ﬁ%t‘P?eeﬁqﬂﬂﬁj&%s%\?v
York (1967) an@ddented mubhSr¥seSroB, ef fort aih ethe af ield Gf GAenlaatalysis
(J.M Thonmas an%

0..R. M _lanbert eds p..11-29.. John WI ey. &.S0ns,
Chi chest er <%1§§B}§ared% g?aysﬂ%ﬂe%aégfuE%%ré??&ﬂ?? 13é§%ﬁﬂ%}9ﬂua ereof
hardl y anylooaﬁhs remained weftfeslight.occur in the X-ray diffraction
pattern, I ch iqndl at, baydLy Y ckl [ a5ft 25
addition, this appegﬁlgb%rﬁé%ﬁgﬁig’f égtﬁgéa?g‘?h%é%grg%#% a‘?}%f abt ‘}él"
accessi bl e sur measioned taske tanpbetfelfilledrky thaking uss®HwlRy occurs

in pores wder ofih3aRa8sNBF which the diménsions of clay platelets are

controllably variable from 1 pm to 0.05 pm, the stacking of

15 elementary platelets can be controlled from on average one to
three platelets to a number of approximately twenty platelets,
while thé ratio of different metal ions in thg_hctahedron
‘layer and/or tetrahedron layer is adjustable;'

Accordingly, the invention therefore relates in a first

20 embodiment to clay minerals made up of elementary three-layer
platelets consisting of a central layer of octahedrally
oxygen-surrounded metal ions (octahedron layer), which layer
is surrounded by two tetrahédrally surrounded, silicon atom-
containing layers (tetrahedron layers), and a number of such

25 elementary platelets being optionally stacked, characterized
in that the dimensions of the clay platelets vary from 0.01 um
to 1 um, the number of the stacked elementary three-layer
platelets varies from one platelet to on average twenty
platelets, while in the octahedron layer at most 30 at.% of

30 the metal ions has been replaced by ions of a lower valency
and in the tetrahedron layers at most 15 at.% of the silicon
ions has been replaced by ions of a lower valency, such a
replacement having taken place in at least one of these layers

_ and these layers having a deficiency of positive charge

35 Dbecause of the replacement.

This deficiency of positive charge is compensated by

protons and/or cations which are present between the



The preparation of the synthetic clay mnerals according to the
i nvent i orwpweomIdt o be surprisingly sinple. In the 30 w JPEI/NESSHD29S ONne

may argue that the conmponents required for the synthesis, oxides of
silicon (germanium for the tetrahedron | ayer and the tri/di/nonoval ent *
lons for the oct ahedron | ayer, are preﬁg?ted I n aqueous nedium are

br ought to the desired pH (3-9, preferably 5-9) and are then 35

bei ng mai nt ai esi'red range ngly
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PCT/ NL95/ 002%urrounded ions have been replaced by otHér ions of tl*bvhézgher

t enper at ures enabl i ng_shorter rea ractice, ction
s to 1t he YALEREYT 18 35 Fioats SbdrmhRg,  the "trivaASHOAanS dibalR ur s,
60- 125C, ﬁhero&ﬂ:salmdrbmﬁayetrucan be repbatéé byndivalentS>Womnd 11 ghey

oy suffi ce. ChgneciSpC18Fer, 25, aafoUF, O Qi ER AR PR kel shetst | o
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cl ay m neeal de replaced bBubhthlpmocess can be carried out in a nunber
of manners, dependisadona ehB Bihﬂﬁ% ofhbheif il h ed
10 result. Preferablys o lorid eg of the met ?E ?ﬁ@gléﬂ%ﬁ%re n :Pﬁﬁ%% ked

with, as theyeteahedson Aexeﬁ Sﬂnuheor%PhﬂycePﬁlrh\ya%wale%dmsS H&r disy
perceptijge, allkoaboabhble to havel & AsDidaneret ird Rtk fddthe@ondNayelrngs

e g o o oo DRGBARRIFEE E o 0 A i
During the fmihemahgibkesynthebpsedtwith amecogidhedrdmptlayer dbasedaohi al |y
constant, fOﬁibgigﬁﬂcfohgr9H§hwf¥ﬂr9|X&ﬁﬁ%fgution of trivalent ions in the
tetrahedron layer, a slight substitution of trivalent iohs may
.15 also occur in the octahedron layer. However, the net charge of
the'elementaryEplatelets will always be negative, i.e. there
is a deficiency of positive charge in the plateiets;
In this connection, it is observed that the term
"replacement"or 'substitution' is employed in the meaning
20 that a change has occurred relative to the ideal structure.
After all, typically, in practice both components (ions of
higher and lower valency) will simultaneously be presented
during the preparation of the clay minerals.
In the octahedron layer, aluminum, ehromium, iron(III),
25 cobalt(III), manganese(III), gallium, vanadium, molybdenum,
tungsten, indium, rhodium and/or scandium are preferably
present as trivalent ionms.
As divalent ions, magnesium, zinc, nickel, cobalt(II),
iron(II), menganese(II)i and/or berillium are preferably
30 present in the octahedron layer. This may be the component of
the higher valency as well as the component of the lower
valency. N .
In the tetrahedron layer, silicon and/or germanium is
pfesent as tetravalent component and preferably aluminum,
35 boron, gallidm, chromium, iron(III), cobalt(III) and/or
manganese(III) are present as trivalent component.



urea, injection of a neutralizing agent below the surface of t he

wel | -stirrwo9sesdd, or with el ectrochem cal means. 20 PCIHDUIS$00295 f Or
achieving a rapid and proper preparation, it is preferred to
honogeneously increase the pH of a solution of . the netal ions to be

i ncorporated into the octahedron layer in __the presence of solid silicon
di oxide. For this, an acid sol ution of the conponents is started from
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surface of a stirrer, At an | icr easing pH e metar i ons
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preparation nQnméJfalé i QARMH &S m'arrflher:eftlﬂaﬁ:eihel blbﬁleﬁﬁasybb@ateleesraf@
e oy o MORBNEEY ST St 58 A0S Bouk®oR BSERS, S gt ¢,
be i ncor por at ewere. V@udtech fiouse of cards-stucture is characterized by the
15 presence of wide pores having a pore size of at least 6 nm,
determined by means of nitrogen sorption at 77K, as described
by S.J. Gregg & K.S. W Sing in 'Adsorption, Surface Area and
Porisity, Academic Press London, New York (1967) and/or in
K.S.W. Sing, 'Characterization of CAtalysts' (J.M. Thomas and
20 R.M. Lambert eds), pp. 11-29, John Wiley & Sons, Chichester
(1980). -

Such a structure has the property that hardly any (001)
or no reflections occur in the.x-ray'diffraction pattern,
which indicates that hardly any stacking is present. In

25 addition, this appears from the fact that the larger part of
"~ the accessible surface area, more in particular more than
150 m2/g, occurs in pores wider than 6 nm.

The preparation of the synthetic clay minerals according

to the invention proves to be surprisingly simple. In the

30 widest sense, one may argue that the components required for
the synthesis, oxides of silicon (germanium) for the
tetrahedron layer and the tri/di/monovalent ions for the
octahedron layer, are presented in aqueous medium, are brought
to the desired pH (3-9, preferably 5-9) and are then

35 maintained for some time at a temperature of 60-350°C, with
the pH being maintained within the desired range. The reaction
time strongly depends on temperature, and hence on pressure,
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16 - . for the preparatlon are mixed as a solution and the pH is

15 adjusted to the range where the preparation is to take place.
During the following heating operation, the PH is kept
substantially constant;_for instance through hydrolysis of
urea, injection of a neutraliéing agent below the surface of
the well-stirred liquid, or with.electrochémical means.

20 However, for achieving a rapid and proper preparation, it
is preferred to homogeneously increase the pH of a solution of
the metal ions_to_be,incorporated into the octahedron layer in
the presence of solid silicon dioxide. For this, an acid

_ solution of the components is started from, which is for

25 instance obtained by mixing water glass and aluminate with
each other, acidifying it and adding a solution of a nickel
salt thereto. The pH should be kept low enough for the nickel
not to precipitate. Then, the pH is increased homogeneously,

_ for instance through hydrolysis'of urea, injection of ‘a

30 neutralizing agent below the surface of the vigorously stirred
liquid, or with electrochemical means.

It is also possible to start from a suspension of finely
divided silicon dioxide or silica gel in a solution of the
" metal ions to be incorporated into the octahedron layer. The

35 metals are then preferably precipitated by increasing the pH
homogeneously. It is also possible to carry out this process
in the presence of a thin layer of silicon oxide provided on a.

<



Sol ution wherein the reaction resulting in the clay mnerals
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it is desired to o e pillaring o

pores of narrofFy o éi Wﬁ%ﬁﬁuﬁ?ﬁ%? & 1% °m°geWF%EFaF§g3Fé° 8%1£§3 B?tal

whi ch t he el entonsiryo phatimadrparated isstworked tforom.l arge extent, at | east

10 el ementary threesﬁfg!ﬁ{sm?llﬁp' a%t?']ﬁé belH Sf u%%'éh%ﬁ; qRe Rk g%g%ﬁéeh{:

ionic strength of one Wi Shneés to I nCrease

of the 2510s usmﬁbffmnig@eé'@klwn%cmenglettelt Hensnaset rtanorpneated

di sproporti onajh€h ©le SE¥AHBAYIH 'ltﬁéia%lﬁévw %Q@@Ush'lﬁebﬁg lcaﬂsggel Nx%um
nitrite reacts accordin H err err

err]O
ONaCH ofa S Rkt 6 RuQuahic BRtobY, ies PRessnce BF Sheabent
rel ease of sodamdn rlswwgme:ds idds aildes oy idide dactthenotkatkbdrb layegaused

t d i h f d f th

NG A or oxi dat | onf FeRperdt Y At e LY P e homodErrBusinng as
result'of1ﬁhicbn¢#ea$§d(knfkuennes the EHimensions ofathentiayspapteleata
gaseous form foamd®Nige 0 grdy ViHgbratudlsS 1335er°RIaYSphhilief LP8t the

el enentary \
: formed. In accordance with the invention, the_dimensions of

the elementary clay platelets are hence set b§ selecting the
temperature and the time of the preparation at the proper
20 values. Generally, the temperature will be set between
| approximately 40 and 200°C. Of course, at temperatures above
approximately 100°C it is necessary to operate under pressure.
A skilled person is able to determine the proper temperature
and time through simple routine tests.
25 The stacking of the elementary clay platelets, i.e. the
| number of elementary three-layer systems, is determined by the
ionic strength of the solution from which the precipitation
takes place. At a higher ionic strength, which can be achieved
through the addition of, for instance, sodium nitrate, the
30 elementaire clay platelets are stacked more. Without limiting
the scope of the invehtion, it is assumed that reduction of
the thickness of the electrostatic double iayer around the
ciay platelets by the higher ionic strength decreases the
mﬁtual repulsion of the clay platelets. In accordance with the
35 invention, the stacking of the elementary clay platelets is
therefore controlled by setting the ionic strength of the
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17 cMy9qm7atel et s are stacked to a |large extent. Al so PQINISSHO29S

i njection of sodium hydroxide or other alkaline solutions bel ow t he
surface of the suspension, the pH value can be i ncr eased honogeneously.
However, in that case, it is nore 5 diffigqglt to prevent inhonogeneities
in the suspension on an “industrial scale. " Furt her,

i ncor por ati on gof) utym! %‘hb!réh.hYtﬁé Ngeh@fSoh nf@sultlﬁdwlxpcﬁr@e&raeﬁ rlideeallaas
proved to resylt in nuch rger el enentary platelets than incorporation

of substanti al}Sy CREFT1Rgy H@glunIions The dinension of the el erentary
pl atel ets of CclTay aicoedaneehwithgaspbeéfentedl enbadimentorst ithd he

t ahed . t 0, 1-0, t di
G renes o' n dnyebEiehs, SUREBRLTR Eldy Snindudi Md el 0¥ QBRhRRRIAT
layer is ofl ystreaghin oSuthei sohygtioni tThis magy e Jammoadbwhachmveﬂeby

f
P csent in ¢ hanczpaRind"EnE"BRCELITAR ¥ne nydfhiyle S8 Rl MCLoIERE,
into the oct ah¥dredysis pfyurea; d@aré\y% @@xm efiganes dremoithene

el enentary. cl anspensmbﬁf, eyRi Se VERY &gﬁéé&mrv w tdiuﬁd?ﬁ.az IjRCANRGRE]I HAY
rati o set, contrar%gto ex ectatlon |0n of a m xture_ of

two clays, onémﬂﬂnﬁﬂee 2o tz?*ﬂb%ﬁmPQIi?Yﬁ#ﬁﬁ Spx&ason, agmonia
‘magnesi umo | ncaaoalisocbewihfletbed i ebow i tthe sdrafacbe"rm'fs ithies suspenélbhe In

I t I I _ i 1.0
gi (raur:r;a Rag:%sfuﬁ*?gélygggﬁgr “a s§§n%ée{qp€ocea§§ o]TdéPraeli |I1p§étué'ﬁsn%tes"te 'D"ﬁ I"ons from
honmbgeneous orientation my the relementarie Hiliﬁﬁlet'dse isolapailogous with a ‘
presence HEPQeSHEP&F s Cgﬁﬂéé‘r £ Hixis oF 't‘?{é pﬁ%@aew@gsed for

t he prOVI5|on 0 cat a active precursor
slight. In hat case, a synthetic clay mineral is obtained
15 having a high surface area present in wide pores. In
particular, a clay having a surface area of at least 150 m2

per gram mainly present in pores of at least 6 nm belongs to

&

the invention.
If it is desired to prepare, through the pillaring_of

20 clay minerals, pores of narrowly defined dimensions, clay
minerals are required of which the elementary platelets are
stacked to a large extent, at least 10 elementary three-layer
platelets. This requires operating at a high ionic strength of
the solution. If one wishes to increase the pH value of the

25 suspension homogeneously, according to the invention, the
disproportionation of sodium nitrite can advantageously be
used. Sodium hitrite reacts according to

3NaNO; + ‘Ho0 = NaNO3 + 2NO + 2NaOH

| The pH value of the suspen51on rises because of the
30 release of sodlum hydroxlde of course, the reaction should be

caused to proceed 1h the absence of oxygen (air) to prevent
oxidation of the NO. After oxidation to NO3, it reacts to form

nitric acid and NO, as a result of which the pH decreases.
Because no reactants eScape in a gaseous form, the ionic
35 strength in this case remains high, so that the elementary



distributed over the surface of. the carrr er. This process is 30 known as
deposi ti o' WQPEEIHI t at i on. The procedure f.or providing cBEENI5/00208 y
fictive precursors on the surface of carriers: suspended in the sol ution
is described at length in US-A 4,113,658 and in J.W Ceus 'Production
and Ther nal Pretreat nent of Supported Catyal ysts' in 'Preparation of 35 -
Catalysts Il Scientific Bases for the Preparation of Het er ogeneous

Cat al yst s’ (Gcll%yn(;ﬂlaiieleli’.s @rengtaakedPté. a lardecebtertls.A1dW, thrdhgh
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forma hydrosilicate, a ture anal og ous e structur
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properties. Tflin?adsftrn.al gedied by t he fact that only di val ent netal ions

occur in the 0(‘F ron | ayer and,on ¥ con |ons occur in the
tetrahedron |ayer, é’stg:g’et?dn é'R(?EaGF'oﬁln ghs'c1 gtantially zing dQas ig¥mot
have a negati whecbatghedidn layerThasapseveé td ﬁ@sldlﬁ)rﬂp@liddlﬁ&dﬁgéxhe

Tayer fs o EdsmencAry PabbETels Sutd nlbiidratil ef s RmALIs of

the cataly@t,n@p@eaaumvnbysofThhedsmendlembsfaMMEaélﬂmennargaplatemeaskbﬁg

dot er i ned {ne g Fapey2Lp BASKhS' subSLanthi1y % the Yol vn R bgeangaron

with nickel |éﬁ?an§§e§8P§thﬁgﬁ€%Yuﬂ}1 0.20#m, whereas thexcionngspondimgne.

See al so Har olgdmens$dhf ini €he casédaﬂ”§ﬁgséﬁﬁ€idfﬂf;mébdggfﬂﬁﬁﬁdis (horge J-

Burton and Robert
, ctahedron layer "is only 0.02 pum. Surprisingly, it has now

15 appeared that in the presence of zinc ions and magnesium ions
in the solution, both being present in the solugion as
divalent ions, these ions are incorporated into the octahedron
layer side by side. The dimensions of the elementary clay
platelets vary continuously with the zinc/magnesium ratio set,

20 contrary to expectation, viz. the formation of a mixture of
two clays, one on the basis of zinc and the other on the basis
of magnesium. In acordance with the invention, the dimensions
of the elementary clay layers are set within wider limits by
setting the zinc/magnesium ratio.

25 The process of precipitating metal ions from homogeneous
solution by increasing the pH of the solution in the presence
of a suspended carrier material has priorly been proposed for

- the provision of a catalytically active precursdr uniformly
distributed over the surface of the carrier. This process'is

30 known as deposition precipitation. The procedure for providing
catalytically active precursors on the surface of carriers
suspended in the solution is described at length in US-A
4,113,658 and in J.W. Geus 'Production and Thermal
Pretreatment of Supported Catalysts' in 'Preparation of

35 Catalysts III Scientific Bases for the Preparation of
Heterogeneous Catalysts' (G. Poncelet, P. Grange and P.A.
Jacobs eds.) pp. 1-33 Elsevier Amsterdam (1983). It was found



L. Garten eds.) pp. 209-233 Academ c Press New York (1977). He 20 observed
t hat no cUmMO960W3 converted. The activity can t her ef or BCIYLS309295
.nmeasured. On the other hand, a nmontnorillonite with nickel ions and

al umi num i ons exhibited under the sanme conditions a conversion of
84-100% The montnorillonite was synthetjgal |y prepared under
hydr ot hermal 25 conditions. In view of these publications, it is surprising

that during prega®idwtinn cterpwﬂtqm@&@eu@matmbnoefbm partf@timé?ldlﬁvélf&:t
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it has now been found that alum num i ons can

pl atel ets. Surpri si I
be i ncor por at &F% %eéﬁf%(cléﬁf%'nPPQ only gili6PRabPRS RFFRF iMithe ne

‘tetrahedron | asirahd@ion lager, as\\@ 8648é§idnce of th.ch the clay
PCT/ NL95/ 00295 repl ace silicon

ions. In accoRfARedahs A% RET H‘egﬁt Poﬂeg?m'ge cha:e%% be ef fected by
treating 30licon dithe ébsence @fbasid propertiesadf théuabove-mentsidredg,

th h di fd t Ho : h, I b
|n(r:glrjgorgtcladI In f%r}e hgqg?}t aﬁlgrﬁg'c?g;elr'gg%gi/tgtﬁl? #4}‘&04% (?(y%ng ﬁes: _

met al [ Oﬂ*nC&Wd inhddteratuznei n3st acmpaseret for S@%ta@ﬂi properties of
(honmogeneous| yhel '&a%%‘i a”Eﬁe"‘h&’El@i’efre&frfﬁé’ é‘é‘i)f@'éiﬁ%téﬂce for! Rhuhene
process according to t i nvention, a solution of water | ass is

started from t‘%-’a\ﬂlﬁi@ﬁ &sb&§P€ JPTARARLSE SOV T | fFrapguist, US Patent
15 - 3,852,405, 1974) determined the activity of nickel garnierite,

. the equlvalent of talc with nickel ions lnstead of magnesium
ions, for the cracking of cumene.. See also Harold E. Swift in
"Advanced Materials in Catalysis' (James J. Burton and Robert
L. Garten eds.) pp. 209-233 Academic Press New York (1977). He

20 observed that no cumene was converted. The activity can
therefore not be measured. On the other hand, a
montmorillonite with nickel idns and aluminum ions exhibited
under the same conditions a conversion of 84-100%. The
montmorillonite was synthetically prepared under hydrothermal

25 conditions. In view of these publications,_it is surprising
that during precipitation from homogeneous solution by
increasing the pH in the presence of suspended silicon dioxide
under atmospheric pressure at temperatures below 100°C, clay
minerals are obtained with two metal ions from the aqueuos

30 solution being incorporated into the structure side by side.

In general, substitution of silicon by aluminum in the
tetrahedron. layer results in stronger acid sites than
substitution of metal ions of lower valency in the octahedron
layer. The negative charge is then present closer to the

35 surface of the clay platelets. Surprisingly, it has now been
found that aluminum ions can be incorporated in an excellently
controllable manner into the tetrahedron layer, where they



- sites between

"10 been added. Then, this solutlon is aC|d|f|ed wher eby th His

reduced t WG at which the netal ions. to . be |ncorporat INLISIOpSo t he
;oct ahedron | ayer are soluble. After that, the pH of the liquid is

‘i ncreased honbgeneously to create t he deS|red cllay mneral in insoluble
form Al MAS-NMR neasurenents show 15 thatjig fraction of maximally 15 at%
of the silicon ions can thus be replaced by alum numions. The al um num

is hardly reﬁaabeosanedonl fong. ath, ad:dEtBﬁiérhfé Gﬁ‘tﬂh&_dfé)ﬁ.d@@‘iittﬂdhﬂs thisat
cl a ove is an
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ef fectively aadumznatessbyubﬁonephyasettingunthﬁough(hqﬁdrﬁaamuionhltheapﬂ
characterlzedasthgﬁ gr é@gfetR%FsgﬁEtmé¥E&V&ék%x) ﬂéc#iorate?ngW@othat

it 1S possible 0 provi e a h iNUOUS er or SilTcon
di oxi de orP solthe ggsshedres L@yas ste stbile sqlrlmlglebommnhrtﬁepeomssslu S
described In kBh8! NghaCEALn imféa@mga@s&'ﬁ@tdmh\é%&%%&%%637 In this

process, a sol uti on of 1 cone rub i nstance I n ethyl acetate,
is started (hPWBEFnSﬁBS%tYQ hi ler‘?ﬁnQ%éil%l%tﬂqﬂ#QKGﬁ‘r ebgdamgntt pE

desired soli dtﬁﬂbspfa&essl acédaram?nwc'&h@mnmlw tahisdl udfiodOoft Watwel | s
of the channel

wher eupon, thggaﬁﬁ tal ﬁPﬁ’é{:?‘g Pr%“ ety “(éé"rsfg{) %e sie %&fﬂlﬁ%g&;reﬁ'“§1°n has

practically cbeek- &déded.| tyen, ofthis | salhrtion xsaabadrfﬂém’mhéreﬁyrphespngh;,

It has been f g@ﬂc&83£ Qe%%Ye+qggvﬁhfﬁﬂ“ﬂﬁg“%ﬁﬂé n%n bﬂhHSEoLéggkﬁfgh

honbgeneous sO rons, 1 ncludi ng a 0APRalte P6nd
suspended iptpi the detahedronalayexs @i solubiled Aftes thathe then pHyof

di vi ded silicCeRediP4hfl@ P& OVAERER Y KbinctindbuBiy 3 orbaks th d
96/ 07613 % _ bty AP orpaks the alire
20 clay mineral in insoluble form. Al MAS-NMR measurements show

15 that a fraction of maximally 15 at% of the silicon ions can
thus be replaced by aluminum ions. The aluminum is hardly

incorporated, if at all, into the octahedron p951tions or at
- sites between the clay layers.
As observed hereinabove, it is an object of the invention
20 to prepare synthetic clay minerals which can effectively and
easily be séparated from a liquid phase and which are
characterized by the presence of short and wide pores. It is
known that it is possible to provide a highly porous,
continuous layer of silicon dioxide on solid substrates so as
25 to be firmly bound. This process is described in Inﬁernational
patent application WO-A 92/13637. In this process, a solution
of silicone rubber, for instance in ethyl acetate, is started
from, and a thin layer of that solution is provided on the
desired solid substrate. In this connection, one may think of
. 30  the walls of the channels of a monolith or of the surface of a
stirrer, whereupon, through calcination, a homogeneous,
continuous (i.e. practicaliy crack-free) layer of silicon
oxide is formed. Surprisingly, it has been found that the
above-mentioned reaction in which from homogeneous solution,
35° metal ions, including aluminate ions, react with suspended
silicon dioxide, can also be carried out with the finely
divided silicon dioxide provided on the solid surface. This



process according to the invention results in clay platelets whi ch are
firmy corM@@/M8W®130 the solid surface. In accordance WPETNEISM029%r r ed
enbodi nent of the process according to the _invention, synthetic clay
| ayers are provided on suitable 5 solid surfaces in the above manner. Such
clay layers, firmy bound to solid surfages and having a controllable
chem cal conposition and structure, also formpart of the invention. In
accordance W tprocessinrdaigigoad ahel m&éﬁtdbngréeul’ae in ciweﬂa’m(eﬁéﬁe
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relativel ¥0w cv@llBhiof meeshanheab ofr mohelabhs) celticin axfe elttamtn‘mte of
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pores. The clay m
. surface, separatlon from the liquid is in this case no problem

20 whatsoever. As the layer is thin, the pores are short, as a
result of which no transport impediments occur, the less so
because the pores of the clay. layers thus provided are
relatively wide. This is essential for the application of
synthetic clay minerals for liquid phase reactions.

25 In accordance with another embodiment of the invention,
elemehtary three-layer platelets of clay minerals according to
‘the invention are provided on_active carbon. Preferably, this
takes place on carbon bodies having dimensions greater than
ium. By carrying out the synthesis of the clay minerals in a

30 suspension of the active carbon, such products are obtained..
Preferably, filamentary carbon is used, for instance obtained
through the growth of carbon on small metal particles. Such
carbon filaments have great strength and occur as balls having
dimensions of approximately 3 pum. The accessible surface area

35 of the.filaments is approximately 200 m2/g, which surface area
is present in very wide pores. The clay minerals provided on
the carbon have small dimensions, so that transport



the carbon have snmall dinensions, so that transport WO 96/ 07613
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pot” occur, while a rapid and conplete separation of the liquid phase is
possi ble all the sane. - For carrying out 'shape-selective'

catal ytic reactions, it "is essential to hayve plIIared clay m nerals.
CGenerally, the 5 clay mnerals will be synthesized at a high ionic

strength of ihpéd SRbits Odb r%%t&?éuzt hgul @T%mr%bidphﬁﬁebéfnéléﬁé strongly
stacked. In accordance wth a s eC|a Process accor
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preC|p|tat|on processes pose, nmany variants are aval | abl e.

20 Especially ?*@P??ﬁﬁ6Q¥HPQﬂOQﬂH§ﬂHﬁ%ﬁ Hﬂ9§e§§Pﬂﬁl &hej RHaRT suitable
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conposi ti on carnvals® 1Engiang ibetweaen @xamﬂlénubylhyrehseging a value pihging
ot her concentr atdQnssd s P IenReous sol ution. By

It has been found that in this manner, solutions having a
15 high Alj;3 content can easily be prepared. The scaling-up of

processes in which the pH of solutions or suspgnsions is
increased homogeneously to an industrial scale has often been
effected during the development of deposition precipitation

. processes. For this purpose, many variants are available.

20 Especially the increase of the pH of the solution in an
electrochemical manner, as described in Europese patent
225659, is attractive for this.

The controlled enlargement of the dimensions of the
polymeric complexes and the control of the chemical

25 composition can also be carried out excellently by changing
the pH or other concentrations in homogeneous solution. By
precipitating (hydrated) metal oxides or hydroxides from
homogeneous solution in the presence of suitable polymeric
complexes, a deposition precipitation takes place wherein the

30 dissolved metal ion is deposited on the complexes so as to be
uniformly distributed. Here, particular reference is made to a
process wherein first, through homogeneous increase of the pH
value of an acid solution of aluminum ions, the formation of
Al;; polymers takes place. Then, through a further homogeneous

35 increase of the pH level, other metal ions that only
precipitate at higher pH values, are deposited on the Al;;

complexes. In general, it is possible to perform this process
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Preparation of Si/Al gel with Si/Al ratio of 5.67:

15 Example 1: | o |
'-In a 250 ml beaker 100 ml demineralized water was added
to 40.00 b-water glass (approximately 27 Wt.%“SEOQ) and stirred
vigorously. |
- An aluminate solution was prepared in another beaker (100
20  ml) by dlssolv1ng 11.90 ¢ Al(N03)39H20 in 80 ml 2M NaOH
solution. , o o
Then, with very vigorous stirring, the aluminate solution
was poured into the water glass solutlon, whereupon a white
gel was formed rather rapidly. This gel was XRD- amorphous and
25 all Al was tetrahedrally coordinated (27A1_MAS NMR)

Synthesis of Mg saponite from gel of Example 1:

Example 2:
30 _ o _ - o

In a precipitation vessel, as described by van Dillen et
al (A.J. van Dillen, J.W. Geus, L.A.M. Hermans, J. van der
Meyden, Proc. 6th Int. Conf. on Cat., 11 (5) 1977), the gel as
prépared in Example 1 was suspended in 1.0 1 demineralized
35 = water with vigorous stirring and brought to 90%:

Then, 40.67 g Mg(NO3)26H20 and 0.6M urea (36 04 g) were
diésolved in 500 ml demineralized water, whereupon it was
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vi gorously. An al uminate solution was prepared in another beaker
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10 Synthesis Al 13-pillars:
Example 3:

To 1L, 1 OM A1(NO3)39H20 (375.13 g) in demineralized water
15 (90°C), 1L, 3 OM urea (181.8 g) in demineralized water (50°C)
was added. A
‘This reaction mixture was then brought to (and maintained
at) 90°C and stirred vigorously.
‘At the outset of the preparation, the Al- nltrate solution
20 was first brought to pH 1. As a result of the gecomp081tlon of
urea, the pH of the solution increased. This caused the
aluminum to hydrolyze via different intermediate stages to the
aluminum-13 (Al-13) complex. This can suitably be monitored
with 27A1 NRM. In the range between pH 3 and 3.5 the amount of
25 Al-13 is maximum (80%). After the formation of Al-13, the
solution was stored as cool as possible to retard further
hydrolysis.

Preparation of pillared saponite
30 -

Example 4:

9 g clay, obtained according to Example 2, with zinc as
octahedron ion, was suspended in approximately 150 ml
35 demineralized water, enabling the clay to swell. In this
~manner, the cations in the interlayer of the clay became
exchangeable.



The first clay platelets were forned wthin some hours. After a
reacti on WOR6/0361320 hours, nost of the gel had reacted 5 PCI/NISSN295wl |
clay platelets of a length of 15-25 nm A stacking was hardly (2

| ayers) present, if at all. The d(001) was absent at XRD neasurenents.
The BET surface was 600-700 nferr]/g w bl a pore vol une of
approximately 0.3 m/g. 10 Synthesis Al 13-pillars: Exanpl e 3:
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according to E&gnﬂF§1§e wF ???ﬁ9€%' Pre%ﬁﬁ%ﬁﬁﬁii%ﬁ%: was suspended in
approxi megeel y 150 m .

Synthesis of Ni-hectorite from amorphous silica
Example 3:

15 - In 1.5L demineralized water 61.07 g Ni(NO3)3.6H0) was
dissolved, whereupon this solution was acidified with HNO3 to a
pH of approximately 1.5. | '

- To the above solution 9.653 g L1N03 was added with an
excess of Li relative to Ni, with respect to the isomorphous

20 substitution of Ni by Li. The atomic ratio Ni/Li in the
synthesis mixture was 3/2. | _

After dissolving, 11.4 g amorphous silica (aerosil 380V)
was added to the solution and stirred vigorously
(approximately 1500 rpm), with the temperature being brought

25 to 90°C. _

When the temperature of the suspension was 90°C, 37 84 g
urea, together with 100 ml demineralized water, wasxadded to
the stirring solution. This point was the start of the
synthesis (pH = 2). _

30 After 1.5 hour (pH = 5.64), platelets (2.5 nm long) could
already be seen around the large amount of amorphous material,
while after 7 hours of synthesis (pH = 5.54), nearly all gel
had reacted to form platélets of 50 nm. Further extension of
the synthesis period from 7 to 48 hours (pH = 7.71) resulted

35 in a further growth and stacking of the clay platelets
(platelets of 75-150 nm). '
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24 Af ter suspendlng_for 2 hours, approximately 200 m of the

Al -13-containing solution (pH = 3-3.5) descr3dped in Exanple 3 was added
to the suspension and stirred for sonme hours (preferably overnight)

wi th the exchapgfettsi of sdmixwistration ofAareanidantessharea,/18e clay was
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10 Synt hesi s of ectorite froma ous si

15 | § 1.the M%MD%@%}@ Mg1 sspoglmie( ﬁmy—besmoyemmoned in
di ssol ved, wheggapore this solution was acidified with HNOG3 to a pH of
approxinately 1.5. To the above solution 9.653 g Li NOB was added
with an excess of L| relatlve to Ni, with respect to the isonorphous 20
substitution dixdg i HNi / Li in the synt hesi s
m xture was 3/2. Af t er dlssoIV|ng 11.4 g anorphous silica
(aerosi|l 380V) _

10 In a precipitation vessel as described in Example 2, the

gel as prepared in Example 1 was suspended in 1.0 1
demineralized water with vigorous stirring and brought to
90°c.

Then, 40.67-g Mg(NO3)26H20 and 0.6M urea (36.04 g) were

- 15 . dissolved in 500 ml demineralized water, whereupon it was

intfoduced into the precipitation vessel. The temperature was
90°C; with continuous stirring. ”\
To the reaction mixture, NaOH was added until pH 8 was
reached, whereupon the synthesis was started.

20 The first clay platelets were formed within some hours.
After synthesis for 24 hours, a pH of 8.30 was reached,
increasing only to 8.36 after a reaction period of 48 hours.

The stacking of the clay platelets, visible with TEM and
XRD ((d(001)) was very great after a synthesis of 24 hours.

25

Example 7:

An experiment was conducted similar to the process
according to Example 2, the difference being that the amount
30 of urea was doubled. After a synthesis of 24 hours, the pH was
7.73 (starting pH = 5.50).
The stacking of the clay platelets was again very great,
yet slightly less intense than in the case of Example 6.



was added to the solution and stirred vigorously (approxi mately 1500
rpm, w t hwaoesoretIper at ure being brought 25 to 90[err]C.  PCI/NLISO0RB®N t he

tenperature of the suspension was 90[err]C, 37.84 ¢ urea, together with
100 M dem neralized water, was added to the stirring solution. This ¢
point was the start of the synthesis (pHg= 2). 30 After 1.5 hour

(pH = 5.64), platelets (2.5 nmlong) could al ready be seen around the

| ar ge anount g&aﬁﬁghgpﬁus mat eri al , while after 7 hours of. synthesis

(pH = 5.54), nearly all gel had reacted to formplatelets of 50 nm

Furt her extension of the synthesis period from7 to 48 hours (pH

7.71) resulted 35 phisarbyethen 950&&@% B e Eimg1Re 25! ButPhakebiiy
(platel ets of 7?—15% nn%.. W6/ 07613 . )

PCT/ NL95/ 0029®alf the amount of urea as applied in Example 2 wggr gsed. of
admi ni strasi oafebraa synthésbé of e |yours, thHy EnEPH wds FaP8Ni(EGarting
The synt hesi s %f=2g ﬁyonite can be perfornmed in exactly 5 the.sanme manner
as the My sapg ite sg hesis mentioned in Exanpl e 2. Exanpl e 6:
Extra addition NaOH 10 In a precipitation vessel as described in

Exanple 2, thgxample 9:

10 This reaction is comparable with that of Example 8, but
no urea was now added't6 the feactibn'mixture.-After a |
synthesis of 24 hours, the end pH was 4.70 (starting ‘
pPH = 5.54). -
Now, hardly any stacking was perceptible anymore with
15 TEM. XRD no longer showed any stacking: the d(001) was absent.
to form cumenes '

20 - 'A'saponite-with Zn on the octahedron layer was prepared
| in the manner as described in Example 2. For this 2n saponite,
the Si/Al ratio was 39.

After synthesis, the interlayer ions (Na*) at this clay

were exchanged for Al3+, for application in the catalytic
25 reaction.

After exchange, the clay was dried overnight at 120°C,
whereupon a sieve fraction of from 0.1 to 0.4 mm was made.
Next, 1.0 g saponite was dried under dry nitrogen for'3_hours
at 120°C and suspended in 444.2 g dry benzene (Janssen

30 Chimica, 99.5% G.C.), without having been in contact with the
air. : '

Hereafter, this benzene/saponite mixture was introduced
into a 1 liter stainless steel autoclave, whereupon 35.3 g
propene (HoekLoos) was added. ,

35 The total catalyst concentration was 0.2 wt.%. With
continuous stirring, the autoclave was brought to a
temperature of 160°C, at which the Friedel-Crafts alkylation
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with vi goMRi864761% ri ng and brought to 90[err] C. PCHNEIS005 67 ¢
{MJ(NOB) 26H20 and 0. 6M urea (36.04 g) were 15 dissolved in 500 n

dem neral i zed water, whereupon it was i ntroduced into the precipitation
vessel . The tenperature was 90[err]C, weth continuous stirring.

To the reaction mxture, NaOH was added until pH 8 was reached,

wher eupon t he ofy beneene wathspzopenle fCarted. Thee priessturd dn hat audbslawee
fornmed within,Sangshgupsy After synthesis for.24 hours, a pH of 8.30
was reached, 'ncreasi ng onlg to 8.36 after a reaction perlod of 48
hours. Thafsezc Peﬁn@lmi epereacling A ganple Was HappRid RNYEM and

XRD ((d(001))aW@iy&%&ngrSaﬁaéféﬁfo@a ?EJEE”GGG”C&Q&J“E%B& I#3trumeBta3npl e
An experinent was conducCt ed S|n1 ar to the process according.to Exanpl e

2, the differ BREE BPRy FARLLLAEY FRlWRR LP Fikii&®)was doubl ed. After a
synthesis of 24 hORéSultbeaﬁté.waSS minutées: (@drﬁféﬁmmHm%Bvﬁ@.h a

The stacking of .th | atel et s ai ver r.eat et sllghtly
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PCT/ NL95/ 0029%ri-isopropyl benzene. Exanpl e 8:
10 Example 11. Friedel-Crafts alkylation of benzene with
tetradecene to form phenyl tetradecene

A saponite with Zn on the octahedron layer was prepared
in the manner as described in Example 2. The Si/Al ratio for

15 this 2n saponite was 39. _

After synthesis, the interlayer ions (Na‘*) at this clay
were exchanged for Al13+, for use in the catalg}ic reaction.

After exchange, the clay was dried overnight at 120°C,
whereupon a sieve fraction of from 0.1 to 0.4 mm was made.

20 Next, 5.0 g saponite was dried under dry nitrogen for 3 hours

 ‘at 120°C and put in 441.8 g drY benzene (Janssen Chimica,
99.5% G.C.), without having been in contact with the air.
Hereafter, this benzene/saponite mixture was introduced into a
1 liter stainless steel autoclave, whereupon 137.1 g trans-7-

25 tetradecene (Janssen Chimica, 92%) was added.

The total catalyst concentration was 0.8 wt.$. With
continuous stirring, the autoclave was brought to a
temperature of 180°C, at which the reaction started. The
pressure in the autoclave was 8.5 bar.

30 After 15 minutes reacting, a sample was tépped and
analysed by a gas chromatograph (GC Carlo Erba Instruments
HRGC 5300, capillary column CP-Sil-CB).

Results after 15 minutes: Conversion: 62% w1th a
selectivity to phenyltetradecene of 67%.



This reaction is conparable with Exarrpl e 2, but now only hal f the
amount of WOS0Z63applied in Exanple 2 was used. 5 After aPSTRLAUMRSS of 24

hours, the end pH was 7.05 (startlng pH = 5. 25). Exanple 9 :
10 This reaction is conparable with that of Exanple 8, but no
urea was now added to the reaction mxture. 2ter a synt hesis of 24
hours, the end pH was 4. 70 (startlng pH = 5. 54) Now hardly
any stack| ng WBXag D i e ede s fitid |2 1kv1athbn  KE . I y
stacking: the g{0Q : . 0l -e IO Frledel Crafts aIkyIatlon
of benzene wt ' Th . 20 A saponite with Zn
on the octahedron Iayer was prepar ed-. I n the manner ~as described in
Exanpl e 2. For. thisy e er
synthesis, the int erI a |on§ﬁ( tbsg ltrh t?éé'ctﬁﬁ&h?oﬂ’aiaggr w%s n%recP?rAg&
Al[err], fd& apmtl@atmwem asdlesaribed énzf»xameiet ?enThe Si/Al ratierfor
exchange the ehpy u@sssﬁa@&@wsﬂsght at 120[err] wher eupon a si eve
fraction of fromO. ) v-_Y.a % gsgjponite,vvas dried
under dry nitrogen 4“0’1'- 13 S18, elzeéeaﬂrayeasﬁenae NaR) At thig glpy

benzene (Janssmé&zoﬂ&:f&ﬁ&hg@ 5% G C.), without having been in contact
with the air.

i ntroduced i nt oA%t? Iﬁ%%ﬁessta{zft ﬁlrt&eg %2.?3@2%@%3? ?§5§%Ei§éghﬁ f‘leégﬁ’; ‘9
i propene (Bfeklousjeupan addddve3FractionThé fooml Ockht bdyst4 ammm metdeon Was
0.2 w.% Wth NORL By Sadonite whBea2HbachAYEr YEry M AUMYed F
3 hours at 350°C and put into 61.5 g di'y benzene (Janssen )
Chimica, 99.5% G.C.), without having been in contact with the
air. . o B _ ; ,
15 Hereafter, this benzene/saponite mixture was introduced
into a round-bottom flask, whereupon: 7.7 g benzyl chloride
- (Janssen Chimica, 99.5% G.C.) was added . )
The total catalyst concentrat:.on was 2.9 wt.%. With
continuous stirring, the round- bottom flask was brought to a
20 temperature of 84°C, at which the reaction started (reflux
temperature) . | . _
After 1 hour reacting, a sample:' was tapped and analysed
by a gas chromatograph (GC Carlo Erba Instruments HRGC 5300,
cap:.llary column CP-Sil-CB). :
25 Results after 1 hour: Convers:.on 42% with a selectivity
to dlphenylmethane of 98%. '
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After 15 m nutes react was tapped and | anal ysed by a gas

chr omat ogr aph ( mg‘ﬂﬁ‘ uments 528RGC 5300, capillary col um
te

CP-Si | -CB). 15 mnutes: Conversion: 87%wth a

" selectivity to cunene of 74% By- productsﬂhhlﬂs D - and Tri-isopropyl
benzene. 10 Exanpl e 11, Friedel-Crafts al kyl ation of benzene wth
tetradecene to forn1pheny| t etradecene A saponite with Zn on the
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The Si/A ratpeataieds céﬁ'éﬁs@fhé%f)ra t&ﬁ‘ﬁ%ﬁ&ayex‘ of octéi‘ﬁeﬁ&‘ai!ﬁ}t hesi s,
t he |nterlayer lons (Na+) at this cla wer e excl anged for Algerr for

use in the caPRYFeRCSHEERYRQRA metal 1°“%MQ99tQB99¥§HgéaYFHé'CPQ} W&3YEF ed
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92% was addeﬁO pm, the number of the stacked elementary three layer
platelets varies from one platelet to twenty platelets, while
10 in the octahedron layer at most 30 at.% of the metal ions has
been replaced by ions of a lower valency and in the
tetrahedron layers at most 15 at.% of the silicon ions has
been replaced by ions of a lower valency, such a replacement
having taken place in at least one of said layers and said
15 1layers having a deficiency of positive charge_pécause of the
replacement.
2. Clay minerals according to claim 1, characterized in that
in the octahedron layer, aluminum, chromium, iron(III),
cobalt(II1), manganese(III), gallium, vanadium, molybdene,
20 tungsten, indium, rhodium and/or scandium are present as
trivalent ionms.
3. Clay minerals according to claim 1 or 2, characterized in
that in the octahedron layer, magnesium, zinc, nickel,
cobalt(II), iron(II), manganese(II), and/or berillium are
25 present as divalent iomns.
4. . Clay minerals according to claims 1-3, chéracterized in
that in the octahedron layer, lithium is present as monovalent
ions. |
5. Clay minerals according to claims 1-4, characterized in
30 that in the tetrahedron layer, silicon and/or germanium are
present as tetravalent component and aluminum, boron, gallium,
chromium, iron(III), cobalt(III) and/or manganese(III) are
present as trivalent component.
6. Clay minerals according to any one of claims 1-5,
35 characterized in that zinc and magnesium are incorporated into



The total catal yst concestration was 0.8 wt.% Wth conti nuous
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whi ch the reaction startf ,lmm, m ” ure in the autoclave was 8.5 bar.
30 After 15 mnute E'Eﬂ |l e was tapped and . anal ysed by
a gas chromatograph (GC carl 6 Erbd I dst runense HRGC 5300, capillary
colum CP-Si | -CB). Results after 15 minutes: Conversijon: 62%wth
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.polymeric hydroxy complexes of (metal) ions, such as aluminum,
zinc, chromium and/or silicon.

10. A process for the preparation of clay minerals according
to claims 1-9, characterized in that the pH of an aqueous.

15 1liquid containing the components of the clay to be prepared is
brought to a value of 3-9 and the temperature of the liquid is
brought to a value of from 60 to 350°C and'ma;piained at said
value for the time required for the reaction, the pPH being
maintained at a value within said range.

20 11. A process according to claim 10, characterized in that a

~solution of water glass and aluminate is started from, and
said solution is brought, through acidification, to a pH where
the metal ions to be incorporated into the clay structure are
still soluble, and the pH of the thus obtained suspension is

25 then increased homogeneously.

12. A process according to claim 10 or 11, characterized in
that the dimensions of the elementary clay platelets are set
by setting the temperature at which the pH is homogeneously

increased between approximately 40 and 200°C.

30 13. A process according to claims 10-12, characterized in
that the stacking of the elementary clay platelets is
controlled by setting the ionic strength of the solution
wherein the reaction leading to the clay minerals is carried
‘out. _

35 14. A process according to claims 10-13, characterized in
that clay minerals having a high surface present in pores of
great dimensions are obtained by carrying out the reaction
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that the dimensions of the elementary clay layers are
controlled within wide limits by setting the zinc/magnesium
ratio. _ i

15 18. A process according to claims 10-17, characterized by
substituting in the tetrahedron layer a controllable amount of
silicon ions by aluminum ions through the addltlon of a basic
aluminate solution to a suspension of silicon dioxide, then,
through acidification, setting the'pH at such a level that the

20 metal ions to be incorporated into the octahedron layer are
still soluble, then adding said metal ions, and then
increasing the pH of the suspension homogeneously.

19. A process according to claims 10-18 for providing clay
layers on a solid surface, characterized in that a high-porous

25 layer of silicon dioxide which is strongly bonded to said
surface is converted into clay minerals.

20. Solid sﬁrfaces covered with a clay layer, obtained by the
use of the process according to claim 19 and having a
thickness of from 1 to 10 um, preferably having a thickness of

30 from 1l to 5 um, and more préferably having a thickness of from
2 to 3 um.

21. Monoliths and stirring bodies according to claim 20,
whose surfaces are covered with a clay layer.
22. A process for the preparation of oligomeric or polymeric

35 hydroxy complexes of one or more metal ions of a narrow
molecular weight distribution, suitable for use in the
preparation of pillared clay minerals according to claim 9,
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25. A process according to claim 23 or 24, the reaction being
selected from the group consisting of Friedel-Crafts reactions

and (hydro)cracking reactions.
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20. | Sol i 3 ayer, obtained by the use of

t he procemﬁeam;ordl ng to claim 19 and” havi ng a t hi ckness of from1l to
preferably haV| ng a thlckness of B0 froml to 5 pm and nore

g’ ; LDk ¢k r}e fs RO .| 2 to 3 pm 21. Monoliths and
ng o ,1,, whose surfaces are covered with

a clfay | a;masnGGUueéﬁékNL)@GszamsB preparation of oligoneric or
pol yner i (Cegdehtslagni60, M%@Wm@lldf one oJr nmore netal ions of a narrow

(74) Agent: SMULDERS, Th., A., H,, J.; Vereenigde Octrooibu- : - )
reaux, Nieuwe Parklaan 927, NL-2587 BN The Hague (NL). b

(54) Title: SYNTHETIC SWELLING CLAY MINERALS
(87) Abstract

. Swelling clay minerals are made up of elementary three-layer platelets consisting of a central layer of octahedrally oxygen-surrounded
metal ions (octohedron layer), which layer is surrounded by two tetrahedrally surrounded, silicon atom-containing layers (tetrahedron layers), |
a number of such elementary platelets being optionally stacked. The dimensions of the clay platelets vary from 0.01 pm to 1 um, the
number of the stacked elementary three-layer platelets varies from on average one platelet to twenty platelets, while in the octahedron layer
at most 30 at.% of the metal ions has been replaced by ions of a lower valency and in the tetrahedron layers at most 15 at.% of the silicon
ions has been replaced by ions of a lower valency, such a replacement baving taken place in at least one of these layers and these layers
having a deficiency of positive charge because of the replacement. They are prepared by bringing the pH of an aqueous liquid containing
the components of the clay to a value of 3-9 and the temperature of the liquid to a value of from 60 to 350 °C and maintaining it at said
value for the time required for the reaction, the pH being maintained at a value within said range.




nmol ecul ar wei ght . distribution, suitable for use in the preparation of
pillared clay mnerals accordlng to claim9, WO 96/ 07613 . -

PCT/ NL95/ 00295 32 characterized
in that the pH of a solution of the netal ions ~ is increased
honogeneousl y. 23. A process for carrying out a chem cal reaction in
the - . presence of a heterogeneous catalyst, said reaction being 5
catalyzed by a Lewis acid or a Bronsted acid, with a clay .- mneral -
according to any one of clains 1-9 being used as catal yst. 24. - A
process according to claim23, the reaction being sel ect ed fron1the
group of hydrocarbon cracking, 10 isonerization, polynerization and
hydrati on of olefins, the al kyl ati on of aromatics and the dehydratlon
of al cohol s. 25. A process according to claim23 or 24, the reaction
bei ng sel ected fromthe group consisting of Friedel- C}afts reactions
and (hydro)cracking reactions. 15
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