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The invention pertains to a camlyst at least comprising a hydrogenation metal component and a swelling synthetic clay consisting
of elemental clay platelets, with the average diameter of the clay platelets not exceeding 1 micron and the average degree of stacking of
the clay platelets not exceeding 20 platelets per stack. “The catalyst is especially suitable for the hydroprocessing of hydrocarbon feeds, the
term “hydroprocessing" encompassing all processes in which a hydrocarbon feed is treated with hydrogen. The clays which are suitable for
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hydr ocr acki ng. 15 G ays are |layered silicates, also known as
phyIIOS|I|cates They are conposed of a stack of elenental clay.

pl atel ets.” The i ndividual clay . , pl atel ets are conposed of a central ¢
| ayer of octahedrally co-ordinated metal ions interlinked by neans
of oxygen ions. On either side of this ' oct ahedral |ayer there is a
layer of.tetrahedrally co-ordinated netal 20 ions, with oxygen ions
serving to link the tetrahedrally co-ordinated . nmetal ions both to
one another and to the octahedral layer. In °~  addition to oxygen
atoms interlinking metal ions, the clay structure - cont ai ns hydr oxyl
gr oups. : To have a neutral oct ahedral |ayer, the metal ions present
in that 25 | ayer will have to provide a total charge of 6+ for every
t hree - octahedral cavities. This can be achieved by filling two out
of every . t hree octahedral cavities with trivalent netal ions, e.g.,
al um ni um ions, or by filling all octahedral cavities of each set
of three with dlvalen%~ﬁe%a+-runs €.0., hmgnesiumions. This gives
two types of 30 oct ahedr.al—tayers;—vrzs trioctahedral |[ayers,
which have three (dlvalent) cationi:site occupancy, and

di oct ahedral |ayers, which have® two i(trivalent) cation site
occupancy. In dioctahedral |ayers one third of the octahedral
sites between t-he oxygen.atons renains -

K |
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WD 96/ 07477 ' PCT/ EP95/ 03429

2 unf i WO96/07477 A neutral tetrahedral |ayer requir escrmidkoeis

t ety ahedral cation have a tetraval ent charge. In general, the catlon
will be Si[err]. 5 When | ower val ency cations are substituted for

hi gher val ency cations ° in the clay platelet structure, the clay
platelet is negatively charged. This phenonenon i s known as

I somor phous substitution. For i nstance, in the octahedral |ayer

divaient metal 1ORRrANSE, EeRDsin RRODERTUR nfbddGeArION CHia "BoMARENT AND A

substituted for t
: SYNTHETIC CLAY

The invention pertains to a catalyst at 1least comprising a
5 hydrogenation metal component and a synthetic clay. Said catalyst is
particularly suitable for hydroprocessing hydrocarbon feeds. The term
"hydroprocessing" in this context encompasses all processes in which a
hydrocarbon feed is reacted with hydrogen at elevated temperature and
elevated pressure. These processes include hydrodesulphurisation,
hydrodenitrogenation, hydrodemetallisation, hydrode-aromatisation,

10
hydro-isomerisation, hydrodewaxing, hydrocracking, and hydrocracking
under mild pressure conditions, which is commonly referred to as mild
hydrocracking.

'15 Clays are layered silicates, also known as phyllosilicates._They are

composed of a stack of elemental clay platelets. The individual clay
platelets are composed of a central layer of octahedrally co-ordinated
metal ions interlinked by means of oxygen ions. On either side of this .
octahedral layer there is a layer of tetrahedrally co-ordinated metal
20 ions, with oxygen ions serving to link the tetrahedrally co-ordinated
metal ions both to one another and to the octahedral layer. In
addition to oxygen atoms interlinking metal ions, the clay structure
contains hydroxyl groups. :
To have a neutral octahedral layer, the metal ijons. present in that
25 layer will have to. provyde a total charge of 6+ for every three
octahedral cavities. This can be achieved by filling two out of every
three octahedral cavities with trivalent metal ions, e.g., aluminium
ions, or by filling all octahedral cavities of each set of three with
“divalent metal ions, e.g., magnesium ions. This gives two types of
octahedral layers, viz. trioctahedral layers, which - have three
(divalent) cation site occupancy, and dioctahedral layers, which have
two (trivalent) cation site occupancy. In dioctahedral 1layers one
third of the octahedral sites between the oxygen atoms remains

—_—
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such as aluminium The clays forned in this fashion are caIIed
mont nor i WQ7€S. Al ternatively, in a trioctahedral |ayepcfiRpi x,?,;

metal ions such as lithiummy be substituted for divalent netal 1ons,
resulting in so-called hectorites. In the tetrahedral |ayer trivalent 15
metal ions, e.g., alum niumatons, may be substituted for the silicon
atons. In the case of a clay with a trioctahedral |ayer, such a

*

substitution will give a saponite, for a clay with a di octahedral -

| ayer the result will be a beidellite. 2 20 The negative. charge

generated. by isonorphous substitution is count er bal anced by the

I ncorporation of ‘hydrated cations, also known as counter-ions, into

t he space hafygen.the clay pIateIets. Gbnerally, t hese cations are

i ncorporated in the r at orm__causin

thi s Feacon Briyal viethahedbaf  gey refiHEs thata §e B canepcat, 43t FoRo v, oo

known as swetétmagalEndycharget Insgenecalystheofcatnnswildgbe iSidt. charge that

swel l'ing clays are advantageous for use in catalysts For, t hey can

act as?solid aC|ds The use of cla S i.n groproce33|ng catal ysts is
_known as sWBRD ‘lawer vadency cayigns smeasupsia t@dafor?/ gharsvalenry it ens

hydr opr ocedai ngecalay yplatedéte structurdgscihebedaphptitetent as nnegataveral cl ay
where. _hydr%gg,\'rb%tdi. O?hirgetp%lef?oﬂ%r? is known as isomorphous substitution. For
| _instance, in the octahedral layer divalent metal ions such as
magnesium, zinc or nickel may be substituted for trivalent metal ions ‘

10 such as aluminium. The clays formed in this fashion. are called o
montmorillonites. Alternatively, in a trioctahedral layer monovalent
metal ions such as lithium may be substituted for divalent metal ions,
resulting in so-called hectorites. In the tetrahedral layer trivalent
15 metal ions, e.g., aluminium atoms, may be substituted for the silicon

atoms. In the case of a clay with a trioctahedral layer, such a
-substitution will give a saponite, for a clay with a dioctahedral
layer the result will be a beidellite.

20 The negative charge generated by ~isomorphous substitution is
counterbalanced by the -incorporation of hydrated cations, also known
as counter-ions, into the space between the clay platelets. Generally,
these cations are incorporated in the hydrated form, causing the clay
to swell. For this reason clays with neg;ti#ely charged. clay platelets

26 are- also known as swelling clays. It is because of this negative
charge that swelling clays are advantageous for use in catalysts. For,
they can act as solid acids.

~ -The use of clays in hydroprocessing catalysts is known as such, e.g.,'
from EP-A O 246 906. In this publication hydroprocessing catalysts are

30
described which contain.a-natural clay where hydrogenation metals have
been substituted for the counter-ions. | _
68 1 528 982 describes a hydroprocessing catalyst containing a Group
VIB metal disulphide with a hexagonal crystal structure on a layered
et Has Been Replaced
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i : _ .
been substituted for the counter-ions. GB 1 528 982 describes a

hydr opr.ocessi nWares0a477st containing a G oup VI B net al th
a hexagonal crystal structure on a |layered : V[)96/8€QEEkw§ﬂN
PCT/ EP95/ 03429

support, e.g., a clay. - _ However, the known clay-contalnlng

catal ysts do not al ways provide sati sfactory results when
hydrocarbon feeds are reacted w th hydrogen, ;3 int. al., because
insufficient clay mneral is -accessible to the feed- 5 and it is
not possible to fully regulate the clays' properties. . The

cat al yst accordi ggppartt, he gl n\acpldyQn _
However, the known clay-containing catalysts do not always provide
satisfactory results when hydrocarbon feeds are reacted with hydrogen,
int. al., because insufficient clay mineral is accessible to the feed
5 and it is not possib]e to fully regulate the clays' properties.

The catalyst according to the invention

It has now been found that an exceptionally favourable hydroprocessing
catalyst is obtained by the incorporation therein of a clay satisfying
certain conditions with regard to the diameter and the degree of
stacking of the clay platelets. The catalyst according to the
invention at least comprises a hydrogenation metal component and a
clay, with the average diameter of the clay platelets not exceeding 1
micron and the average degree of stacking of the clay platelets not
exceeding 20 sheets per stack. The two parameters are easily
determined by means of transmission electron microscopy. Furthermore,
~the clay platelets have to be negatively charged. Neutral clay
platelets, i.e., clay platelets which have not been subject to
20 isomorphous substitution; are catalytically inactive.

10

15

Because there are restrictions to the diameter and the degree of
stacking of the clay platelets, their surface area is readily
accessible to the feed, giving a very active catalyst..
25 _ o ' _
The average diameter of the clay platelets is not more than 1 micron,
and is preferabiy between 1 nm and 0.5 micron, more preferably in the
range of 1 nm to 0.1 micron, most preferably in the range of 1 to 50
! m. The average degree of stacking of the clay platelets is not more
| than -20 plafe]ets 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 3 platelets per stack. The lower limit,
needless to say, is constituted by unstacked clay platelets, which

30
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It has now been found that an exceptionally favourabl e hydroprocessing 10

cat al yst WO %9747 ned by the. incorporation therein of a cl gypgpdsiossyi NY
certain conditions with regard to the dianeter and.the degree o

stacking of the clay platelets. The catal yst according to the
i nvention at |east conprises a hydrogenation netal conponent and a
clay, with the average dianeter of the clay platelets not exceeding 1
15 “mcron and the average degree of - st acking of the clay platelets not
exceedi ng 20 sheets per stack. The two paraneters are easily
determ ned by neans of transm ssion electron mcroscopy. Furthernore,
the clay pl 88 8t tdegaee of ostackingdaef Vel 4s chgangedi somerghoat subsyitution,
platelets, btCleast! @) Riaii! 8] Sasebhfhrdd P thOthO SRt PUPIAE) diteral or20

I sonor phous  substjiution, are canﬁhéhkcglly pactive. ecaus
there are r&é‘? r'i°8h°(5'ﬁs @B thfe BERIAESL: DXnFatioNs qefrde lgwer valency.
st acki ng ofrefehably;l at lepstatlehtdndic %,t more pr_'aﬂerfabltjelatarlea?st 5Satomead, | y
accessi bl e e Q1M ti VST cmmps, : .
The aveér ageagiégrgre%afécﬁs'gsf 11& h#efl'ecgﬁ ﬁ;'l"t):é]e' et g%’ﬁ"gﬁﬂ%(fed”@ éa%oé'ﬁ ‘11231 L?w(?ﬁ,
and is pref ¥RLeREY- BétW@eHCtPhﬁﬁ'Taﬁn ¥8rs Rreferdb]y motemqnecthanabl \atomic ke

of the metal ions is replaced by ions of a lower valency as compared

with the neutral situation, more preferably not more than 30 atomic %
is replaced. In the case of the tetrahedral layer, preferably not more

than 30 atomic % of the. tetravalent metal ions present. is replaced by ‘

e

0 metal ijons of a lower valency, more preferably not more than 15
atomic %. Isomorphous substitution may .occur 'only in the octahedral
layer, only in the tetrahedral layer, or in. both layers. In this
context the term 1'somorphou.€ substitution 'a,]_sd refers to ‘the removal
of cations without the incorporation into the lattice of replacement

15
E cations, by which vacancies are produced. It will be clear that this

removal also generates negative charges.

The trivalent. ions in the octahédralllayer preferably are aluminium,
20 chromium, cobalt (III),.iron (III), manganese (III), titanium (III),
' gallium, vanadium, molybdenum, tungsten, indium, rhodium, and/or
scandium. The divalent ions in the octahedral layer preferably are
magnesium, zinc, nickel, cobalt (II), iron (II), manganese (II),
_ copper (II) and/or beryllium, and the monovalent ions preferably are
o5 lithium fons. o " .
The tetravalent ions in the tetrahedral layer preferably are silicon,
titanium - (IV), and/or. germanium, for which may be substituted
trivalent jons preferably seiectedifrom:aluminium, borium, gallium,
~chromium, iron (III), cobalt.(lll),.and/or méngqnese (Iil).
A portion of the hydroxyl groups present in_thegéTay.platelets may be

30
replaced by fluorine if so desired. .
Clays suitable for use in the catalj_si: accprdin'g to t_he invention
include clays with a composition as given in the following table:
.

een Replaced
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range of 1 nmto 0.1 mcron, nost preferably in the range of 1 to 50
nm The averagGWMﬂyan of stacklng of the clay platelets is no% 103429
than 20 platelets per stack, preferably not nore than 10 platel€ls per
stack, nmore preferably not nore than 5 platelets per stack, and nost
preferably not nore than 3 platelets per stack. The | ower Iin1t,
needl ess to say, is constituted by unstacked clay platelets, which

WD 96/ 07477 5 PCT/ EP95/ 03429
4 have a "degree of: stacklng" of 1. As regards isonorphous
substitution, at least 0.1 atonic % as conpared with the neutral
clay m neral of t he ur:aahadmal lagan be rEgqdirabebral bayecsati ons  of
| ower val ency. _ Al, Mg Si
Al, Mg, Si, Al
Mg - Si, Al
K Al, Ni | . Si
Mg, Li Si
Mg, Ni Si, Al
Al, Mo Si, Al
Al, Co . Si
10 - Al, Co Si, Al
Co Si, Al
Co, Li Si
Mg, Co Si, Al

- As was stated earlier, it is .f vital importance to the catalyst
ac-ording to the invention that the clay platelets be  negatively
charged. This can be effected simply by ensuring that metal ions of a
lower valency than is required for the neutral state are incorporated
into the octahedral layer or the tetrahedral layer or both.

20 In the catalyst according to the invention use can be made of clays
which have had isomorphous substitution in the octahedral layer as
well as clays which have had isomorphous substitution in the
tetrahedral layer. Since the negative charge is closer to the surface
of the clay platelets in the case of substitution in the tetrahedral

25 layer, substitution in the tetrahedral layer will generally give more

strongly acid sites than substitution in the octahedral layer.

Isomorphous substitution in the tetrahedral-layer gives a structure of

acid sites which somewhat resembles the acid sites structure found in

15

eolites.
30 .
Optionally, the counter-ions in the interlayer between the clay
platelets can be replaced by H30* ions. Generally, such a substitution
does not involve suspending the clay in a concentrated acid, for the
This Sheet Has Been R,
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Preferably, at least 1 atomc % nore preferably at least 5 atomc %

of the caMO®@747h the clay platelets is replaced by catio Eé'é’g‘% a_| ower
val ency. In the octahedral |ayer, preferably not nore tha Claoi MK,
of the metal ions is replaced by ions. of a |lower val ency as conpared
with the neutral situation, nore preferably not nore than 30 atomc %

Is replaced. In the case of the tetrahedral |ayer, preferably not nore 10
than 30 atomc % of the tetraval ent metgl ions present is replaced by
nmetal ions of a |ower valency, nore preferably not nore than 15

atomc % |I|sonorphous substitution may occur only in the octahedral

| ayer, onlgcid maper¢astr afihdithe ¢atjons ior the dlayhstaxense, |r€sﬁlfthﬁg 1n

h h f
of "cat i ons iy (BT RS U FHRE, ' R lel IR I ebfaely LR AR
cations, byesitedn teadateqduse aHaaO prtinsceidto| tthe [interdayercabetween ¢ lays

renmoval al pratedesy,atihe rﬁggﬁ | yEepC hiar 9RS - use 1on exa_ﬁlﬁgfer ryalig rglbfi‘t(%l : In) the

t ahedr al lLum n um
CFon 611 1) AT b achetal 1gns” ] Frel the ek Fayer. nvarolysi i “Chensitneum
mol ybdenunfiydnogenysioas; Theseli Branstedhedidimitesamdhobe converted afrtoubewishe
di val ent i gégy 'sﬁ‘tésh%yoﬁéa&*? ?r@hté%ﬂvéﬁr ef ?’r‘ﬁ?&é{d Yiifes can bém%rﬂf?\} ym  zinc,

kel , | t [ i ron s and/ or
ber y1 |1 um BARIDEHUELIA FIHUM (078 Throf 14DF YAt then heating the. wnole:

This process will result first of all in ammoriia desorption, leaving a
proton to form a Brensted site. Heating to a higher temperature ‘

10
results in water desorption, forming a Lewis 'site. Such Lewis sites
are of particular interest for catalytic purposes.
Swelling clays suitable for use in the catalyst according to the
15 invention are disclosed,. int. al., in Netherlands patent application

No. 9401433. _

In this patent” application clays are. described which have clay

platelets satisfying the requirements as to degree of stacking and

size of the platelets, thus rendering them suitable for use in the
20 catalyst according to the invention. This patent application further
describes clay minerals composed of clay .platelets. of the desired
degree of stacking and sheet size where the clay platelets are not so
much stacked as placed one on top of the other at an angle in a "house
of cards" structure. The advantage of this house of cards structure is
that it gives comparatively wide pores of a diameter of the order of 6
nm and higher. The greater part of the specific surface area of such a
clay is in pores having a diameter of 6 nm or higher. A feature of
such a structure is that its X-ray diffraction pattern has no or
hardly any (001) reflections, indicating that there is hard]y any
30 stacking.

The aforesaid patent application also describes a process -for the

preparation of clays suitable for use in the catalyst according to the

present invention, which process has  the advantage over the

25

\
—_—

This Sheet H

N



5 .
25 l'ithiumions. The tetravalent ions in the tetrahedral |ayer

pref erably ar ewWoi%0THON, titanium (1V), and/or gernani “mréﬂém%.i‘ﬁ;'
may. be substit ut ed. ~trivalent ions preferably selected from

alum nium borium gallium chromum iron (lI1l), cobalt (IIl),
and/ or manganese (I111). 30 'A portion of the hydroxyl groups present in
the clay platelets may be replaced by fluorine if so desired.

Clays suitable for use in the catalyst accopding to the invention
include clays with a conposition as given in the follow ng table:
WD 96/ 07477 : PCT/ EP95/ 03429

3) conventional processes of forming clays having the desired properties
in regard of the size and the degree of stacking of the clay
platelets. In addition, compared with the known processes the
implementation and'sca1ing up of said process are particularly simple.

In the broadest form, the implementation of the process described in
said patent application is as- follows. An aqueous mixture of the
components needed to achieve synthesis, viz. oxides of the tetravalent
ions to be incorporated into the tetrahedral layer and the ions to be
1n¢orporated into the octahedral layer, is brought to a pH in the
range of 3 to 9. The whole is then aged for some time, e.g., for 0,5
to 50 hours, at a temperature in the range of 60° to 350°C, the pH
being kept at the desired value. In this process a solid product is
formed, which is isolated, for instance by filtration, and, if so
desired, washed and/or subjected to an ijon exchange prior to being
dried. The process preferably is carried out in the absence of
chloride. .

One possible way of implementing the process is by mixing the starting
products prior to the preparation and then rapidly bringing the whole

20 to the pH at which the Fiay is to be formed. During the subsequent
heating the pH is kept at this value, with stirring, by the addition
of a base. This may take the form of a base being injected below the
surface of the liquid, or of adding'a compound which will decompose to
form a base. :

285 It is preferred, however, to prepare a suspension containing solid
silica and metal ions to be incorporated into the octahedral layer,
and to slowly increase the pH of this slurry by the addition of a base

_ or the partial decomposition of a base precursor. For example, a
| _ - s*iica gel is prepared, the pH of which is reduced to a value at which
the metal ions to be incorporated into the octahedral layer are still
soluble. Next, the metal ions to be incorporated into the octahedral
layér are added. Excess urea is added, and the whole is aged with
stirring. Base is released by the decomposition of the urea, resulting

10

15

30
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Cct ahedral | ayer Tetrahedral |ayers

A, My WO9607477 Si M
Si. A - My ﬁm‘%?’?"ﬁ
A N S L

Si : | My, Ni - si, Al

A, M si, Al A, Co
si 10 A, o g si, Al

o si, Al | Co, Li
Si My, Co | si, Al

As was st dned séow liinereasei tn ithe @H of tthk susppmeibmrtoefért & helaycminakyst

accor di ng tTﬂetde%uhéSVo?n} é)rbbrtglﬁltedtpﬁ EQIY by af gl %?aﬁgﬁgttve%tgﬁ

charged. Thi y ensuring-t
| over val eféythengatals ipayaddeds fFGF tnﬁéahr@ut addingt aitmd xauree |orﬁcmqneswned

into the Oﬁbﬁdﬁeﬂfdmuh@/ﬁfnsom'ﬂh€gﬂ/€téabﬁf}r A Wrkdr tAE HXahedral 18fkr IN
o t.he invention use can be nade of clays :

mﬁcﬁaégbg%h%%qﬁggb% %?%U%s%‘ﬂb‘s(’["?tmdl 5H'cl A°?te oct ahedr al Iayer as

The size of the clay platelets is dependent on the aging temperature

and the aging period. The higher the aging temperature is and the

longer the aging period, the larger the clay platelets will be. The
10 size is also dependent on the nature of the metal ions to be
incorporated into the octahedral layer. If, say, zinc ions are used,
the platelets obtained will be much larger than when magnesium ions
are used.
The degree of stacking is dependent on the ionic strength of the
solution. A high ionic strength will give -much-stacked structures,
while a Tow ionic strength will lead to structures exhibiting little
stacking.

15

A simple way of preparing a clay in which aluminium is substituted for
20 silicon in the octahedral layer is by treating silica with a basic
aluminate solution, acidifying the whole to a pH at which the metal
ions to be incorporated into the octahedral layer are still soluble,
adding these metal ions, and then homogeneously increasing the pH of
the solution. Preference is given in this process to a gel prepaned by
25 adding a basic aluminate to a silica gel. Following acidification the
metal ions to be incorporated into the octahedral layer and an
overmeasure of a compound which decomposes to form a base, e.g., urea,
are added to homogeneously increase the pH. Next, the whole is aged
with stirring, in which process the insoluble clay mineral is formed.
This procesé produces clay minerals which satisfy the average platelet
diameter and degree of Stacking requirements set for use of the clay
in the catalyst according to the invention. The ratio of silicon atoms
to aluminium atoms in the tetrahedral layer, and hence part of the

30
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well as clays which have Hhad isonorphous substitution in the
tetrahedral | ay¥09s@4mte the negative charge is closer to the q;%f 03429
of the clay platelets in the case of substitution in the tetrah

| ayer, substitution in the tetrahedral |ayer will generally give nore
strongly acid sites than substitution in the octahedral [ayer.

| sonor phous substitution in the tetrahedral |ayer gives a structure of

acid sites which somewhat resenbles the acid gites structure found in

zeol i tes. 30 Optionally, the counter-ions in the interlayer
bet ween the cl ay pl atel ets can be replaced by Herr]O[err] ions.

General Iy, such aac3ubgt idfuth@rclay, can be rﬁgmatéu)tthwml \tﬁeSb@dﬁiGndanﬂﬁB&

clay in a concentr%te achd for the vm%g

PCT/ EP95/ 03429 o“aluminium 1ons in the gel. e ge s silicon atoms and
aluminium atoms by and large end up in the tetrahedral layer of the

formed clay.

If so desired, the clays may be piilared, This involves providing
oligomers or polymers of, say, aluminium, chromium, zirconium or
titanium hydrated by ion exchange between the clay platelets. One
example of a known compound used to pfovide pillars is the
aluminium-13 cluster, a complex of 13 aluminium ions interlinked by
hydroxyl groups and oxygen atoms. The incorporation of pillars between
; the clay platelets ensures that the space between the clay platelets
§ is kept open during drying, thus increasing the accessible surface
| area. Processes for providing pillars between clay platelets include
those described in US 4 952 544, US 4 637 991, and US 4 766 099. The
invention further pertains to a catalyst containing a hydrogehation
metal component and a pillared clay.

10

15

In Netherlands patent application No. 9401433 a process for producing
20 piliars is described'where the pH of a solution of the metal ions
which are to form the pillars is slowly increased, e.g., using urea.
This process makes it possible to produce larger pillars than those
known so far. This is done, for instance, by preparing an aluminium
solution having a low pH, which pH is then increased in a controlled
manner. This first results in the forming of aluminium-13 complexes.
If the pH is increased still further, aluminium will precipitate on
the aluminium-13 compiexes, resulting in larger aluminium complexes.
These can be incorporated between the clay platelets by means of ion
‘exchange. Catalysts containing a hydrogenation metal component and
pillared clay minerals as described in the aforementioned ~patent
application are also part of the present invention.
Apart from that, it should be noted that because the clay minerals
used in the catalyst according to the invention have such small clay

25
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6 acid may react with the cations in the cl ay structure resul ting~
I n WO6/0H3T i ons being |ixiviated and ending up in t;¢? yer. | f

it is desired to introduce Herr]O[err] . ions into the |nter ayer

bet ween cl ay platelets, the first step is to use ion exchange to

I ncor porate " hydrolysing netal ions into the interlayer. Hydrolysis

w Il then give hydrogen ions. These Br[err]nsted acid sites can be
converted into Lew s ‘acid sitesipy heating. Alternatively,
Br[err]nsted sites can be achi eved by substituting amoni umions for.
cations and then heating the whol e. This process will result first

of all in aﬂimﬂiﬁaSciﬂdoarﬁnwodggrbeanm isacking, rend¢n1ogothe sorfaterarea of

Brierr]nstqfe gidye. p]af@l%rtkn 9y i‘céé'sgf%re, "F§ aﬁdtlr qtecessary stﬁﬂe} s in

wat er desorpti on, orntng emns SI't uch
parti cul ar AR tesdwagy piLlan the €18 poses. . Swel ling clays
suitabl e fdetherdands pbtentabpdlyisationc o digag1433 hso isclosies Ve iu§é1 ¢f €

di scl osed, a'cf'{vat@tﬁ carb§h Net erl %nQﬁe pﬁ&rﬁnsf aé)agjbb\ﬁiaﬁﬂgﬁ%r{}:é CP%ysuppor 401433

In thi% pateéen e ’ays are describ
pl atel et s Jaterspy| n§°"t héhe eq@laryeneﬁhlsﬁ asmbed iment eeisof oft adhtargstindto

size of they@hopredtesssng tappFicabivhar, i sl therpravéntalheert9bn WhRomgass&e a
hydroprocessing catalyst containing a hydrogenation metal component
- and a clay on a support of'ac_ttvated carbon as one of its :embodiments.
10 | ¢
- - The clays used in the catalyst according to the present invention :
generally have a specific surface area in the range of '100 to
1000 mé/g, depending on the nature of the metals present in the
octahedral layer. The pore volume, determined -by_mea_ns" of nitrogen
sorption, is in the range of 0.03 to 1.5 ml/g, again depending on the
nature of the metals present in the octahedral 1éyer. In general, the
catalyst according to the invention contains 1 to 99 wt.% of clay.

15

The catalyst according: to the invention at least .comprises a
20 hydrogenation metal component. As will be evident to the skilled
person, the word "comporient" in this.context d_enotés the metallic form
of the metal, its oxide form, or its _sulphide. form, or any
intermediate, depending on the situation.
The hydrogenation metals are selected from the Pertodtc Table's Group'
VIB and Group VIII metals. The nature of the hydrogenatton metal
present in the catalyst is dependent on. the catalyst s envisaged
application. If, say, the catalyst is to be used for hydrogenattng
aromatics 1in° hydrocarbon feeds, the hydrogenatton metal used
preferably will be one or more noble metals of Group VIII, preferably
platinum, patladium, or a mixture thereof. In this ease the Group VIII
noble metal preferably is present in an amount of 0.05-5 wt.%, more
preferably in an amount of 0.1 to 2 wt.%, calculated as metal.
If the catalyst is to be used for removing sulphur and/or nitrogen, it

25
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20 catal yst according to.the |nvent|on ThIS pat ent appllcatlon further
escribes cl aywogsfrahs conposed of cl. ay. . pl atel ets of the desi sm3429

degree of " stacking and sheet size where the clay platelets. are ho

much stacked as placed one on top of the other at an angle in a "house

of cards" structure. The advantage of this house of cards structure is 25

that it gives conparatively wde pores of a dianeter of the order of 6

nm and hi gher. The greater part of the speciﬁic surface area of such a

clay is in pores having a dianeter of 6 nm & hi gher. A feature of

such a structure is that its X-ray diffraction pattern has no or

par iy any (O0Lhi et béifera PO co hﬁﬁ' nC8" bPGLol 128 A3l ©comboRdde! &b ondiHed Wth a

st acki ng. i cation al so escribes a
for the praseeR dltlulérfneﬁal c¢°a§>snamr t ﬁ'b that fasgsPriefienance c%anabysm ven to
according to thehe combiPaER@Nlof mBlddehun), tunbsteh, BF ogempxtub@sthdrieef and
g(g:\{?gagg?osz\zlgr mcpeel cobalt, or a m1xt9ure0%ﬁereof The Gr‘oup VIB hydrogenation
5 metal preferably is present in an amount of 2 to 40 wt.%, more
preferably in an amount of 5 to 30 wt.%, most preferably in an amount
of 5 to 25 wt.%, calculated as trioxide. The Group VIII non-noble
hydrogenation metal preferably is present in an amount of 1 to 10
wt.%, more preferably in an amount of 2-8 wt.%, calculated as oxide.

If the catalyst is to be used in hydrocracking or mild hydrocracking,

10
use will be made of either a Group VIII noble metal or a combination
of a Group VIB metal and a Group VIII metal.
Clays possess a remarkable property as compafed with well-known acidic
15 components such as silica-alumina and zeolites in that they enable the

| hydrogenation metals as described above to be incorporated into the
| clay platelet structure. For instance, cobalt or nickel may be present
| ' in the octahedral layer. In order to be catalytically active, these
metals must be removed from the clay platelet structure during
20 catalyst use. This can 'be done, e.g., by means of reduction or
sulphidation, for instance when the catalyst is sulphided under
reducing conditions prior to use. ' '
Alternatively, the hydrogenation metals can be incorporated into the
interlayer between the clay platelets through ion exchange.

2 In addition to the clay satisfying the aforementioned conditions with
regard to clay platelet size and maximum number of clay platelets in a
stack the catalyst may comprise matrix mater1als, e.g., alumina,
5111ca, silica-alumina, silica-magnesia, zirconia, titania, silica-

36 zirconia, silica-titania, other  clays, molecular  sieves,

aluminophosphates, and mixtures of thesg materials. These matrix
materials can function as binder for the clay platelets, thus
improving the attrition resistance of the catalyst particles. They can
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7 conventional processes of form ng clays having the desired

propert i 30 96/07477 in regard of the size and the degregcqhmﬁﬁgeklng of

t he cl ay pl atel ets. In addition, conpared with the known
processes the . inplenentation and scallng up of said process are
particularly sinple. 5 In the broadest form the
~inplenentation of the process described in sai d patent
application is as follows. An aqueous @2xture of the ~ conponent s
needed to achieve synthesis, viz. oxides of the tetraval ent ' i ons

to be incorporated into the tetrahedral |ayer and the ions to be 10
i ncor por at eﬁsq nupction ast BiHdar Jfatertpler acting g odiguent ©fa the enacking
rangg ﬁf 3atpivaty The theok Fayi pléﬁhﬂfﬁ@g&@luﬁﬁakﬁﬁgﬁﬁIplas]sswaegto e m%&th y
to our r. 8 in ange,o rr er ep

bei ng kept %5? ac[trﬂgk Eﬁ'gs ‘?‘é&‘t the ?ﬁtail’(srs{ pQrBJQgSJting]apg 3?‘5%% ]‘

formed, whmeterigly seanataldp ﬁcki ansvaﬂaé‘ldJyatftnNﬁryatofontheandpwn ftcsothe
desi red W@ﬂﬁ@s?’h‘%@r‘dﬁb‘bdo%ﬁ@@n&éht%'n | ¢Br eé&ﬁﬁiﬁ‘l%getl'lfér HRthrEQraft%ﬁ'

dried3 The foces pr ef era IS ar.ried .
s1119::a a]um?na or gcular s?eve component into the catalyst

composition will add a specific cracking activity to the catalyst

of

composition. _ _ _ :
The amount of matrix matéria] which i's' present in ‘the catalyst
composition accordmg to the 1nvent1on will depend on its function. ‘
Preferably, the cata]yst according to the invention contams at least

5 wt.% of matrix matemal, calculated on the weight of the catalyst
composition. B1nder/fﬂ1er matrix materials are generally present in

an amount of 0-90 wt.%, calculated on the weight of the catalyst
composition. For example, catalysts are envisa"ged containing

10-50 wt.% - of clay component, 1-45 wt.% - of hydrogenatwn metal
component, and the balance, that is, 89- 50 wt.%, of b1nder/f1.]1er.
Suitable b1nder/f1ller matrix matema]s are, for example, alumina,

silica, t1tama, and zirconia, with alumina generaﬂy bemg especially

o0  suitable. The amount of matrix materials with cata]yt1c cracking
activity will depend upon the a_ct1v1ty desired. If these types of
catalytically active matrix materi'als are present, they are preferably

present in an amount of 10-80 wt.%, calculated on the weight of the
catalyst composition, more preferably in an amount of 20-50 wt.%. Of

course catalysts com_pri_sing two types of matrix mate_r'ia'l are also
envisaged in the present invention.

10

15

25 -

Optionally, ‘the catalyst can further conta1n other components such as

: phosphorus. It w111 be obvious to the skilled person that phosphorus

30 can be incorporated into the catalyst in a su1tab1e manner by
contacting the cata]yst during any one of its format1ve stages with an
appropriate quantity of a _phosphorus conta1n1ng compound, e.g.,
phosphonic acid. For instance, the catalyst can be impregnated with an
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chl ori de. One possi bl e way of inplementing the process is by

m xi ng the st aWvo0i9%§7477 products prior to the preparati ofcREshsh
rapidly bringing the whole 20 to the pH at which the clay is to be
formed. During the subsequent heating the pHis kept at this
value, with stirring, by the addition of a base. This may take
the formof a base being injected below the surface of the

| iquid, or of adding a conmpound which will jgeconpose to forma
base. 25 It is preferred, however, to prepare a suspension containing
solid silica and netal ions to be incorporated into the

oct ahedr al | ayeimpregnating. soletignt compirosing phaspéarus tiheaqsHitodn tthi gny other

slurry..by the %gﬁﬁéE‘EE'Pf If I‘Eflé.e catalyst accédihd'€tPathé a'inv&%@@r@@&ﬂt&kﬁé‘ of
a. base precurﬁﬁé. or exanmple, a.= ~ . ajPglllca el Is prepared, éhe
pH of which .i s ROGRRATYS ¢ otRIS, FomROUN i chreferabdy prespdtndngian Afeurty 9

i ncorporated irng.g-1hetoxt aakellated ageroty,ebadad bn the weight &6DIuhel catalest ,
the netal ions %ﬁigﬁtg&gorporated into the octahedral | ayer are
added. Exgess B% i's"dded, and the whole is aged with

stirring. Base is released by the deconposition of the urea, resulting

WD 96/ 07477 The catalyst according to the invention generally has a specific
surface area in the range of 50 to 600 mé/g, preferably in the range
of 100 to 400 m¢/g, and a pore volume in the range of 0.1 to 1.5 mi/g,
preferably in the range of 0.3 to 1.2 mi/g.

10
Preparation of the catalyst according to the invention
The catalyst according to the invention can be prepared -in several
ways.

15
. For instance, it 1is possible to extrude the clay into particles,

~calcine the extrudates, and impregnate the calcined extrudates with an
impregnating solution containing salts of the hydrogenation metals to
be introduced, optionally in combination with other components such as
20 = Phosphoric acid and/or complexing agents known in the art.
Alternatively, the clay can be mixed with other support materials
which, as explained above, may have their own catalytic activity,
whereupon this mixture can be extruded and the resulting extrudates
calcined. The calcined extrudates can then be impregnated as described
25 above. It is also possible to add certain hydrogenation metal
components . to the catalyst composition prior to extrusion, more
particularly, it is proposed to mix the clay and any other support
materials with molybdenum oxide, after which the resulting mixture is
extruded and calcined.
30 -
As was stated earlier, clays containing hydrogenation metals of their
own can also be used in the catalyst according to the invention. The
hydrogenation metals can be added, e.g., during the preparation of the

—_—
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PCT/ EP95/ 03429 _ 8

sl ow i ncrw@96/07417t he pH of the suspension to forma cl ay ﬂ%ﬂﬁﬂg% 29
The nature of the obtained clay can be altered by varying e nafhre
al ions added. For instance, adding a m xture of nmagnesi um
ons and zinc ions will give a clay of which the octahedral |ayer 5

of the net

contai ns both nmagnesiumions and zinc ions.

pl atel ets

period. The higher the aging tenperature is and the

i's dependent on the aging tegpperature and the aging

period, the larger the clay platelets will be. The size 1is

dependent
i ncor por at
t he pl atel

cbay, thesultiagunia théir tinorptehtdon ii@B6 the odt@hedral -layer.

BT <OBE e S Y B8, catt s obatd ouflatnig TheRdRrb ElRe

al so

in a-

The size of the clay -

| onger the aging

are used. metals imireducasr vdaothastcdeki ntt iis @éperrhsaiblen tohdncanpocatet rengt h

of the

5

10

15

20

25

30

other, additional hydrogenation metals into the catalyst composition.

Furthermore, the hydrogenation metals can be incorporated as counter-
ions between the clay platelets, to counterbalance the clay platelets!'

negative charge.
It will be evident to the skilled person that it is also possible to
combine the different aspects of the processes described. above. Thus,
a portion of the hydrogenation metals: can be ‘introduced via
impregnation, while another portion is mixed with the clay before it
is formed into a support, or a portion of the ‘hydrogenation metals is
incorporated into the catalyst composition by way of the clay
component, while another portion is added to the catalyst composition
by impregnation of the shaped support.

The catalyst particles may have many different shapes. The suitable

‘shapes include spheres, cylinders, rings, and symmetric or-asymmetric

polylobes, for instance tri- and quadrulobes. The particles usually
Tikewise is in the range of 0.5 to 10 mm.

If the catalyst contains non-noble Group VIII metals and/or Group VIB
metals as hydrogenation metals, it - is preferably sulphided prior to
use. This involves converting the metal components in the catalyst to
their sulphided form. The sulphiding can be done by means of processes
known to the skilled person, e.g., by contacting the catalyst in the
reactor at rising temperature with hydrogen and a sulphurous feed, or
with a mixture of hydrogen and hydrogen sulphide.

If the catalyst is a Group VIII noble metal, there is no need for
sulphiding as a rule, and a reducing step, e.g., with hydrogen, will
suffice. ' ' '

As stated before,'if the clay compohent contains hydrogenation metals
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15 solution. A high ionic strength wll give nuch-stacked structures,

while a | ow i owWasemzazngth will lead to structures exhibiting k M’ﬁm.uzy
stacking. A sinple way of preparing a clay in which alumniumTs
substituted for 20 silicon;in the octahedral layer is by treating silica
with a basic al umi nat e sol ution, acidifying the whole to a pH at

whi ch the netal lons to be incorporated into the octahedral |ayer are
still sol uble, addi ng these netal ions,jgand then honogeneously

i ncreasing the pH of the:solution. Preference is given in this
process to a gel prepared by 25 adding a basic alumnate to a silica

gel . Fol | owi ng acsutihf iasatcobailtt teer nickel,nethake | whid the bﬁ‘eémcwmrmedlhﬁtby
the octahedral | a%’lﬂghﬁd}q.i@rp Be’caus@ve{ﬁ@asr{%?%é%agi&g;ggmgwgomg egneddag] ted

deconposes to form
i ncrease the- pH.hawegeneousky ugh sthegedday, the mhxdrogenatnomgmetaﬂsm‘lb

process the insolgigkpitiitay MoRBieHeol syl OLUBE. Ha catTahy§t pr&ﬁﬁéﬁt@é@d%@&

clay mnerals whi Ctﬂnéﬁ{ | sg%tthe aver age pl atel et di anet er and degree
of stacking 6equit ati for use of the clay in the cat al yst
according to the invention. The ratio of silicon atons to alum nium

atoms in the tetralegf ghel A¥sTyst28ctolaHeStPAhe Hvehti®n

Depending on their composition, the catalysts according to the
invention can be used in virtually all hydroprocessing processes to

10
treat a plurality of feeds under wide-ranging reaction conditions,
e.g., at temperatures in the range of 200° to 440°C, hydrogen
pressures in the range of 5 to 300 bar, and space velocities (LHSV) in
the range of 0.05 to 10 h-1,

15

For example, certain catalysts according to the invention are suitable
_ for use in the hydrocracking of heavy feedstocks to form middle
distillates. For these hydrocracking processes, the following values
for the relevant process parameters apply:
20 | temperature: in the range of 230° to 450°C;
hydrogen pressure: in the range of 100 to 250 bar;
space velocity: in the range of 0.2 to 3 hours-l;
~ Hp/oil ratio: in the range of 300 to 2000 N1/1.
Generally, the conditions selected are such as will give a conversion
of at least 70 wt.%.. The term conversion in this context refers to the
weight, in per cent, of obtained product with a boiling point below
391°C (where applicable, this weight is corrected by taking into
account the weight of the portion of the feedstock which already boils
“below 391°C) vis-d-vis the weight of the feedstock deployed.
~ An example'of a catalyst according to the invention which is suitable
for use in hydrocracking to produce middie distillates is a catalyst
" comprising 3-40 wt.% of hydrogenation metals, preferably comprised of
a  combination of Ni and Mo or W, 1-60 wt.% of clay component,

25
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WD 96/ 07477 PCT/ EP95/ 03429

-9 WO 96/034#7di ty of the clay, can be regul ated throu I 0 of
silicon ions to alumniumions in the gel. The ggTﬁgﬁ%%%%con
atons and alum niumatons by and |arge end up in the tetrahedra
| ayer of the ' fornmed cl ay. 5 If so desired, the
clays may be pillared. This involves providing - : ol i goners or
pol yners of, say, alum nium chrom um Zgrconium or titanium
hydrated by ion exchange between the clay platelets. One exanpl e

of a known conpound used to provide pillars is the 10
al um ni um 13referabBy 10850 Wik £)3-85 W3 %aloinizee Uk | Opce feRitA! i10kS WYy,

hydr oxyl gr _ ns. The incorporation of pillars between
t he cl ay pygﬁgﬁﬁggﬂégéégggmﬁhgt t he space between the clay platelets

An example of a catalyst according to the invention which is suitable
g for the production of diesel by way of hydrocracking_.comprises: a
Group VIB hydrogenation metal component, a non-noble Group VIII
hydrogenation metal component, and two crystalline acid components,
namely ‘a clay component with the required properties as to platelet
size and stacking degree in combination with a Y-zeolite with a unit
cell size in the range of 2.400-2.480 nm. The clay component is for '

10
example a magnesium saponite.
The use of the catalysts- accordihg .to the ,ihvention in mild
hydrocracking processes is also envisaged. For mild hydrocracking
15 processes, the following values hold for the relevant process

parameters:

temperature: in the range:of 350° to 450°C; ;

hydrogen pressure: in the range of 25 to 100 bar, preferably in the

range of 40 to 80 bar; _ '
20 space velocity: in the range of 0,2 to 3 hours-l;
Hp/0i1 ratio: in the range: of 200 to 1000 N1/1. o
Generally, the conditions selected are such as will give a conversion
of at least 20 wt.%. The definition of conversion is the same as that
given above. . o
An example of a catalyst according to the invention which is suitable

25
for use in mild hydrocracking to produce middle distillates is a
catalyst comprising 3-40 wt.%, preferably 10-40 wt.%, of hydrogenation
metal components, which preferably are a combination of Ni and Mo or
"W, 5-75 wt.% of a clay component, preferably 15-50 wt.%, and
30 0-95 wt.%, preferably 5-50 wt.%, of alumina binder. '
The catalysts according to. the present invention are also very
suitable for use in hydroisomerisation, more particularly for the
—_—
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I s kept open during drying, thus increasing the accessible surface

area. ProcesseWO%0747ovi ding pillars between clay platel ets | petEpRiosge
t hese described in US 4 952 544, US 4 637 991, and US 4 766 099. The

i nvention further pertains to a catal yst containing a hydrogenation

metal conponent and a pillared clay. I n Net herl ands pat ent
application No. 9401433 a process for producing 20 pillars is

descri bed where the pH of a solution of theldetal ions whi ch are
to formthe pillars is slowy increased, e.g., using urea. Thi s

process nmakes it possible to produce larger pillars than those
known so far. THiifuncdienpe hy#%ﬂ‘SP'Fﬁﬂ’&ﬁ@@" By MWpshety rarabiing: nThese long

sol uti onTEaVI ][lg caaimV\paﬂlaiffMI C?r]] @ch kﬁoﬁnh% Iwaszéeasafé inblaceiest ftﬁh'& ehave &5
manner is first_resu i.n orn1n exes
N T e g T T T
the al umi ni um 13iesgiplfegbs, theswdxt mnbequﬂeis ataydr tal cmisitk Uihise oatp| umaeseptably
These can be 'n(h(‘??lﬁ’ort ahfFabiiedtenol NengbAngpP! tHee! SilesePy uﬁ?tﬁrtﬁbpé kon fuel
exchange. taIy ﬁ gntalnln a h¥drqaen%t|Pqﬁnelal %EEE qg g& 30
pillared clay °RPHiEREIQNS dur YogeO01 '8 off B g fect
application aretaésnsp@mttyofHehhe, pheseembl dcaVenmust.be removed. Apart from

that, it should e e S ' d .'
the catal yst accggdﬁ% fg ta?ﬁ{ev?n\g@lr%t ?Bénrlﬁmg'{ il fﬂ]en?‘iﬁ%r%tu namely (H‘%‘Eﬁﬂd‘
the moTecules to lower boiling mo]ecules and 1somer1sat1on of the

molecules to isoparaffins. A (hydro)cracking dewaxing catalyst will by

10 nature convert some of the feedstock, namely the n-paraffins, to
products outside the desired boiling range, thus 1limiting the
attainable yields of middle distillate. A hydroisomerisation process,

" on the other hand, will convert the n-paraffins to isoparaffins, which

15 have boiling points in the desired range_but melting/crystallisation

points (i.e., cloud points) much lower than those of the n-paraffins.
It has been found that the catalyst according to the invention is also
suitable for wuse in the hydroisomerisation of wax-containing
feedstocks. Such a catalyst contains a hydrogenation component
20 consisting of one or more. of Group VIB metal components and Group VIII -
metal components, more particularly, the Group VIII noble metals. Most
preferably, the hydrogenation component is platinum, palladium, or a
combination of the two. The presence of the clay component in the
catalyst according to the invention 1is advantageous for the
25 hydroisomerisation of wax-containing feedétocks, because it has a
combination of desirable properties. The low acidity of the clay
precludes hydrocracking of the product isoparaffins. The properties of
the clay are such that a good dispersion of the hydrogenation
component is ensured. The effects of mass diffusion limitation are
eliminated by controlling the properties of the support. It is
preferred in this specific application to prevent hydrocracking
through binder-support interactions by using a binder material which
does not give rise to such interactions, e.g., silica or titania.

30

Sheet Has Been Re laced

\\Illlﬂ LN



WD 96/ 07477
PCT/ EP95/ W84887477 _
pl atel ets. and a | ow degree of stacking, rendering the sur?gﬁaggér%%?of

the clay platelets readily accessible, it is not necessary by any

means to always pillar the clay. Net her | ands patent application No.
9401433 al so di scl oses the use of 5 activated carbon, e.g., in the
formof carbon filanents, as support 18 material for the clay.

Thi s enbodiment is of interest to hydr opr ocessi ng

applications, and the present invention enconpasses a

hydr opr ocesglitegnaavaly,stit oyt deni priefepat¥ditagshapeé ObhdTeEdHtheERMPRAANT

and a clay o a;suPRrt pf Ackiyated cqrbon ag, one of Tts embadipents. 10
preferred catalyst for wuse in hydroisomerisation is a - ‘catalyst
comprising 0.1-2.0 wt.% of platinum, palladium, or a mixture thereof,

1-99.9 wt.%, preferably 10-50 wt.%, of «clay component, and

0-98.9 wt.%, preferably 50-90 wt.%, of silica, titania, or a mixture
thereof. I ' '

The present invention is illustrated by the following Examples.
10 o | o o -
Example 1: Preparation of Mg-, Zn-, Co-, and Ni-clays having a Si/Al
ratio of 39 and 12.3 '

To prepare a Si/Al gel having a Si/Al ‘ratio ‘of 12.3, 100 ml of
demineralised water were added to 43.6 g of water'glass (abouf 27 wt.%
silica) in a 250 ml beaker. To this was added, after vigorous
stirring, a solution of '5.95 g of A1(NO3)3 9 Ho0 in 80 ml of 2 M
caustic soda. To obtain a Si/A1 gel having a Si/Al ratio of 39, 2.30 ¢
of AI1(NO3)3 9 H20 in 88.5 ml of 65% nitric acid were added to a
solution of 43.6 g of water glass (ébout 27 wt.% silica) in 100 ml of
démineralised water. The prepared gels were cured for one hour at room
temperature. s ' " N ' '

15

20

Next, the gel having the desired Si/Al ratio was transferred to a
precipitation vessel. as specified 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)) and suspended in 1.8 1 of demineralised
" water. The suspension was heated to 90°C, whereupon 36 g of urea and
the désired_amount of Mg-, Zn-, Co- or Ni-nitrate were added. This was
0.16 mole and 0.185 mole, respectively, for the gels having "a Si/Al
ratio of 12.3 and 39. After 20 hours of stirring at 90°C the
suspension was filtered, followed by the residue being washed with 500
ml of demineralised water and filtered three times. The resulting clay

25

30
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The clays used in the catal yst according to the present invention
generally havewosswmpecific surface area in the range #395,035&
1060 nferr]/g, depending on the nature of the netals present |n
octahedral |ayer. The pore volune, determ ned by neans of nitrogen
sorption, is in the range of 0.03 to 1.5 n /g, again depending on the
nature of the netals present in the octahedral layer. In general, the
catal yst according to the invention containﬁ 1to 99 w.%of clay.

The catal yst according to the invention at dast conprises a 20
hydrogenation metal conponent. As will- be evident to the skilled

person.  the Wor s CARRANER! {2080 Hdbl 96 e dndlEpRlifga Lhe oL lablec 46 16
of the netal, 0X or i1ts sulphid form  or
i nt er medi at e, déE@ﬁﬂ1ng on the S|tuation. The hydrogenatlon netals

are selected fromthe Periodic Table's C?oup 25 VIB and Goup VIII

catalyst 15 depeasmfl gy, nedtAR PSR 5 "W Fudbaseley cora  PEERTF okfedpfion

say, the cagalyst is to be used for hydrogenatlng aromatics in
hydr ocar bon feer%s,lo éh@r d?ﬁdﬁ@%“ftt] n(s@&é afract e A 50-425 u pb?ép%'i-éé)léé

wll be one or e no u I prefera
ol 1 adi um or a GESCERE TheEmE | (Ehers dRs Added o Sncradud Wautﬁr et afr pupge
net al pref erabl yini sapri®enml i moand-bobtomed of flasks- a \/\/so%txmor eof 0.99 g of

preferably in anygmui9b, L% ol ihYefi Wraliseddtdh2ttd ARuRBlR water used was
10 equal to the pore volume of the clay as determined by nitrogen
adsorption. After adsorption of the solution into the evacuated clay
for 5 minutes the catalyst was dried in a flow of air (5 1/min) for 3
hours with the round-bottomed flask being rotated. Next, there was 16
hours of drying at 120°C and 16 hours of calcining in air at 450°C.
15 :
Example 3: Preparation of 7.5 wt.% MoO3/clay catalyst via homogeneous
deposition precipitation

An aqueous Mo(III) solution was prepared by electrochemical route.
20 Platinum electrodes were ‘employed as cathode and anode (9 cmz). The
anode space was a porous porselain pot (200 mi) filled with 8 M
hydrochloric acid. This pot was placed in a 1000 ml beaker filled with
a solution of 17.2 g of (NHg)MO7024 6 H20 in 650 mi of 8 M
hydrochtoric acid. Stirring was by means of a magnetic agitator. For 8
hours current was passed through (3.8 V, anodic current density 0.003

25 _
A/cmz), until a clear, light red Mo(III) solution was obtained.
Tﬁe clay as described in Example 1 after being washed and filtered was
introduced into the precipitation vessel from Example 1 and suspended
30 in 1.8 1 of demineralised water. Unlike in earlier examples, the Mg-
clay Si/Al = 39 and Zn-clay Si/Al = 12.3 from Example 1 were dried and
calcined before being suspended in water. Nitrogen gas was passed
through the suspension via a gas inlet pipe. In about 4 hours' time 80
Thllsllqlfiiﬂtlili'ilfm i
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If the catalyst is to be used for renoving sul phur and/or nitrogen,

it

WO 96/ 079 96/07477 POEEPERRS/03429
11 will generally contain a- G oup VIB netal conmponent conbi ned
with a Goup VIl nmetal conponent. In that case, preference can be
given to the conbi nati on of nol ybdenum tungsten, or a m xture

t hereof and ni ckel , cobalt, or a mxture thereof. The G oup VIB

hydr ogenation 5 metal preferably 20s present in an amount of 2 to

40 wt.% nore preferably in an anount of 5 to 30 wt.% nost
preferably in nmoynt f o 25 wt.% calculated as trio de The
Group VIII o@ee%ﬂ”) WH?b‘{j‘en 1Mo rEXAmR 18 %r&?%rﬁ‘ﬂ?p&? i dnEP ed | n an

amount of leusperfs@on with a/vtﬂ%dnmlmp pAef ehabbame ntiae, atieurgH ofa524<8ptwt
cal cul ated 38.0xde 6.5 by injection.of 5% ammonia. Next, the suspension was

10

15

20

25

30

filtered and washed, after which the residue was dried at 120°C for 16

“hours. Calcination took place in air at 450°C over a period'of 16

hours.

Example 4: Synthésfs of clays of the overall formula
Mg6-xZxSi18020(0Hg), wherein Z = Co or Ni

To a solution of 93f8 g of water g]ass (about 27 wt.% silica) in 200
ml of demineralised water was added a solution of 16 ml of 65% nitric

“acid in 160 ml of demineralised water. The gel formed after stirring

was cured for one hour at room température and then transferred to a
precipitatioh vessel such as described in Example 1. The gel was
diluted with 2 1 of demineralised water and heated to 90°C. For the
synthesis of Mg3Co3Sig0pg(OHg) were added 40.5 g of Mg(NO3)3 6 Hp0 and
98.0 g of Co(NO3)3 6 H20. The ratio of Co and Ni to Mg for the various
syntheses ranged from 100% Co or Ni to 100% Mg. After the addition of
72.0 g of urea there was_ stirring at 90°C for 20 hours. The suspension
was alternately filtered and washed with 700 ml of demineraliSed water
three times in succession. The product was dried at 120°C for 16 hours
‘and calcined in air at 450°C for 16 hours

Example 5: Desulphqrisation of thiophene by Mo/clay catalysts at
atmospheric pressure

To test the activity of the catalysts of Examples 1, 2, 3, and 4 in
~thiophene (C4HgS) hydrodesulphurisation, use was made of an automated
microflow set-up. To this end 1.0 ml of the catalyst was loaded on a
quartz lattice in a quartz lab reactor (inher_diameter 8 mm). On top

~of the catalyst bed was placed 1 ml of quartz beads (1.5 mm in

diameter), after which the reactor was placed in an oven. The

—_—
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10 If the catalyst is to be used in hydrocracking or ml|d hydrocracking,
use will be mad@WI€Tther a Group VIII noble metal or a conbi patikePddnsaze
of w Goup VIB netal and a G oup VIl netal. Cl ays possess a
remar kabl e property as conpared with well-known acidic 15 conponent s
such as silica-alum na and zeolites in that they enable the

hydr ogenation netal s as descri bed above to be incorporated into the

clay platelet structure. For instance, cobaltyjor nickel nmay be present

in the octahedral layer. In order to be catalytically active, these
nmetal s nust be renoved fromthe clay platelet structure during 20 _
catal yst use. THeimperatare was medStieed wetly.a thbpmorew@ie soick ﬁ&fhlctheot‘ata@y'st
sul phidation, for_iynstance when the catal yst is sul phided under

reduci ng conditions”prior to use. Al ternatively, the hydrogenation
metal s can be incorporated into the i nterlayer between the clay

pl ?t e:c ets tmougpn' @\‘He@‘?ﬁ@%gevatezﬁhe cataly's'ﬁ fdqiak | Qﬂphpdédhmﬂi E3Ygas stream
S ST Yng e T OO 50 oS " a0ra0rsc) 9T chts Skl Bl Gt
may conprise mat mixturet ewdsal passee. @ver dhamigatalyst foi | B@aminutes at room
silica-alumna, ighbdraRu P 93FHrewhich b€ Uakalydt Va0 Rated 't 860°C (5°C/min).
After 30 minutes at 400°C the gas flow was changed to 51.2 ml/min of
‘thiophene/Hp/Ar (2.4/87.9/9.7). Measuring was carried out under
atmospheric pressure. The reaction products 1l-butene, cis-butene,

1 trans-butene, isobutane, butane, H»5, and unconverted .thiophene were
analysed with the aid of a gas chromatographer with a Chrompack
CP-sil-5 CB column integrated in the flow system (0.53 mm, df = 2.0
um, 100 m, 30°C, carrier gas He). The table below lists the conversion

15 after 6 hours of reaction at 400°C for the various (Mo) clays. The

conversion is defined as the percentage calculated by dividing the
number of moles of reaction products by the overall number of moles of
~reaction products and the unconverted thiophene. The selectivity to a
certain product is defined as the percéntage calculated from the
20 number of moles of said-product divided by the total number of moles
of product obtained. It is clearly shown that without Mo the Co- and
Ni-clays are also active in the hydrodesulphurisation of thiophene.

25 Table 1 Conversion (%) after 6 hours of. hydrodesﬁlphurisation at
40 . ;

. HDS Conversion (%) (400°C)
Clay Ion Si/AT ratio ~ blank Mo impr. Mo dep. precipit.

1 In -39 0.2 0.4 4.0

-2 Zn 12.3 0.1 0.3 0.6

3 Mg 39 0.2 20.2 2.7

'30 4 Mg 12.3 0.06  20.7 13.4
5 Co 39 90.8 86.2 61.3

6 Co- 12.3 42 19.7 21.4

7 Ni 39 70.1 82.6 8l.7

8 Ni 12.3 77.0 82.3 67.3

This Sheet Has Been Rerlace




30

zirconia,

silica-titania,
al umi nophWO 487492, and ni xtures of these materials. Thes
materials can function as binder for the clay platelets,

ot her cl ays,

nol ecul ar

improving the attrition resistance of the catal yst particles.
WO 96/ 07477 )

12

cr.acki ng
regul ate

al so function as filler

mat eri al ,

activity of the clay pl

the cracking activity o

these matri x

i ncor porati, "
t he cat al ys?ﬁaﬂI

5 clays.
10
15
5 Co 39
6 Co 12.3
7 NP 39
8 NI 12.3-
20
25
3 Mg 39
4 Mg 12.3
5 Co 39
® Co 12.3
7 Ni 39
30 8 - Ni 12.3
pressure
_—_—
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indicates the presence of acid sites on the catalyst.

%rﬁﬁ%ﬁﬁﬁmus

They

si eves, -

can

PCT/ EP95/ 03429

acting as diluent of the

elets, thus naking it possible to

t he catal yst.

On the

ot her

hand

materials can also add a catalytic activity of their
own to the Tsdhles Zaindl gslisacene diglectvithetd rt\hlenicrétfii%us;ﬁ’r"eodg&gsgmfe’thé he
ctags, wiEAME B AL - b Bl oH S
" the catal ysthere the Mo is provided on the clay via homogeneous deposition
precipitation have the same selectivity pattern' as the impregnated
The formation of isobutane from unbranched C4. hydrocarbons

Bt

nt into
ty to

Table 2: Selectivity (%) to the vafious products of the clays on which
no Mo is provided in HDS reaction at 400°C - '

HDS Selectivity (%)

Clay Ioh Si/A1. 1l-butene cis-butehé trans-butene bhtahe isobutane

20.1

- 20.6.

37.4

- 37.6

17.1
20.8
21.3
20.7

24.2
30.0
29.9
29.4

29.7
20.0
7.5
7.1

8.9
8.6
3.9
5.2

Table 3: Selectivity (%) -to the'various_products of 7.5 wt.% M003/c1ay
(impregnated) in HDS reaction at 400°C

HDS Selectivity (%)

Clay Ion Si/Al 1-butene cis-butene tranﬁ-butene butane isobutane -

- 22.8 -

20.5
19.8
21.2
32.0
33.6

24.7
24.0

17.3

21.6

20.4

20.0

1 34.8
34.2
24.6
32.2

~28.6

28.2

16.6
20.8 -
29.9
17.2
13.9
12.4

TN O
@ = 00

1.1

| Examgie 6: Desulphurisation of'thiophene by catalysts of the overall

formula Mgg_xZxSig020(0H)4., wherein Z = Co or Ni, at atmospheric

i
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co&position. The amount of matrix material which is present in the

cat al yst WOo9MpTa3T t i on according to the invention wll eﬂﬁ% /5545; S
furction. Preferably, the catal yst according to the invention
contains at |east 5 w.%of matrix material, calculated on the

wei ght of the catalyst = - conposi tion. Binder/filler matrix materials
are generally present in an anount of 0-90 w.% cal culated on the
wei ght of the catal yst 15 conposi tion. F#pr exanple, catalysts are
envi saged cont ai ni ng 10-50 wt. % of clay component, 1-45 w.%
of hydrogenation netal .~ conponent, and the balance, that is,

89-50 wt. % of brrmeerx/périnieﬁtal condmor&uatnabtl@e trianaer /ifnl Wwhech fﬁhbﬁé Xcatalysts

i th atum na genti8 FoLBars Pal FaaFin grepgesctt bt B fahblers, M ik belo?

matrix material $istsi the coavetsioncandctheksalgetivity tcttihei varinus | prodpetsd of
upon the activit yhdgstfeient cfatél'}%? dF¥OLS Mdurs' reactiindh/ldpfd.|y active

matrix materials are present, they are preferably present in an
anount of 1G-80 wt.% calculated on the wei ght of the ' cat al yst

conposi tion, nor Ealdeed eiCaiNersion %) and el eofivity 3&) Wo the Garidus prodactsef

catal ysts corrprlﬁ%%ﬁgﬁoéa/@ﬁ% Legae%li( n@&eﬁhal_lns %t?cwgt 40 oc envi saged

in the present ional ly,’ gat al can urthe
contai n other conponents such as phosphorus. It mnll be obvious to
the skilled person that phosphorus 30 can be incorporated into the
catalyst in a suitablgcgnyv./ranner by '
10 HDS Selectivity (%)
Co Mg (%) 1-butene cis-butene trans-butene butane isobutane
0.2 5.8 20.8 25.8 30.0 42.3 1.9 0
1.0 5.0 59.4 23.0 28.2 39.9 8.9 0
3.0 3.0 88.6 19.4 23.2 33.0 23.9 0.5
15 6.0 0 97.4 17.5 - 19.8 28.0 - 32.8 1.9

Table 5: Conversion (%) and selectivity (%) to the various products of
Mgg-xIxSig020(0H) 4, wherein Z = Ni, in HDS reaction at 400°C

20 Conv.
: HDS Selectivity (%)
Ni Mg (%) 1-butene cis-butene trans-butene butane isobutane
0.2 5.8 11. 1 25.1 30.0 43.4 1.5 0
1.0 5.0.16.4 24.9 30.3 43.0 1.8 0
3.0 3.0 48.3 24.4 29.0 41.0 5.6 0
2 6.0 0 36.6 24.3 29.3 41.6 4.8 0

Example 7: Hydrocracking catalysts based on synthetic acid saponite
clay ' '

A magnesium saponite according to the - invention was prepared as
" follows: Solution A was prepared by adding 1064 g of water glass (27.7
% Si02, 8.5 % Nay0) to 2680 g of water. Solution B was preparéd by
adding 317 g of A1(NO3)3.9H0 (Baker) to 2120 g of 2N NaOH. Solution B
was added to solution A in about 20 minutes. The pH of the resulting

30
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contacting the catal yst during any one of its formative stages with an
appropri W@9RFdEhtity of a phosphorus-containing C oMy Sosinas

phosphoric acid. For instance, the catalyst can be inpregnate %h an

WD 96/ 07477 PCT/EP95/03429
13 " inpregnating solution conprising phosphorus in addition
to any ot her conponents. If the catalyst according to
the invention contains 24 phosphorus, this conpound is
preferably present in an anount of 0.5-10 wt. %

calculated as P[err]O[err], based on the weight of the catal yst
conposi ti eiscous mixture was 11.8. After. the addition of solution B the

reaction vessel was heated to 90°C in about 1 hour. After heat1ng, the
viscosity of the mixture decreased cons1derab1y Solution C was
prepared by mixing 1921 g of urea (Baker), 1084 g of Mg(ND3)2 (Baker),
5 and 2500 g of water. Solution C was added to the reaction mixture in
20 minutes. The resulting pH was 7.08. After this addition, the
temperature was adjusted to 90°C, and the volume was corrected for
evaporation losses. The mixture was kept at 90°C for 20 hours, after
which the pH was found to be 6.85. ' :
10 | : | | . ¢
The product was filtered off and reslurried in 4 1 of water of 80°C. -
" "The product was stirred for 45 minutes at 80°C and then filtered off,
-after which it was reslurr1ed and immediately filtered off twice with
51 of hot water. The filter cake (1080 g) was dr1ed overn1ght at
120°C, after which 557 g of synthetic saponite were co]lected ‘The LOI
was 15.3 %, the Al203 content 8.6 wt% dry base (db), the Si0z 56.1 wt% -
db, the Mg0 30.7 wt% db, and the Na20 1.9 wt% db. The pore volume
measured by nitrogen desorption was 0.546 ml/g, the mean pore diameter
was 6.2 nm, and the SABET was 552 m2/g. ) '

15

20 . ' _
Two different catalysts materials were prepared with this material.

Catalyst A

Support A was prepared by mixing 218 g of pseudoboehmite alumina (LOI
24%) with sufficient dilute HNO3 to peptise part of the alumina and
mixed for 15 minutes, after which 159 g of the synthetic'saponite
prepared above were added to the mixture. Some additional water was
added, and the resulting mixture was kneaded for 40 minutes. The paste
was then extruded to form: 1.5 mm cylindrical extrudates, which were
dried at 120°C overnight and subsequently calcined in air at 450°C for
one hour. The water PV of the extrudates was 1.0 ml/gram. The PV as
measured by mercury intrusion was 0.88 ml/gram, with an MPD of 18.3
nm.

25

30

-_
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The catal yst according to the invention generally has a specific

surface area iwos@747ange of 50 to 600 nferr]/g, preferably in, (rgt)%sw
of £100 to 400 n2/g, and a pore volume in the range of 0.1 to 1. d,

10 preferably in the range of 0.3 to 1.2 nl/g. Preparation
of the catalyst according to the invention The cat al yst
according to the invention can be prepared in several : 15 ways.

For instance, it is possible to extrude the QFay into particles,
cal cine the extrudates, and inpregnate the calcined extrudates with an
I mpregnating solution containing salts of the hydrogenation netals to

be i ntroduced, ounocmablaf wwaeﬂtn g1 qmwwmz@t hey mwm@@ﬁﬁpﬁégﬁ&éasmth
20 phosphorlc

Al ternatively, t ﬁﬁc‘]d'l%gggfl?éh%@mq%a ﬁ?%ﬂ@ﬁkﬂnéu@% '{E’Zbrét’é'r yafieg with a pH

whi ch, as expl ai néd3 adbeecatabysthaee driied ratodR0atfar yi.i5chantsi and ysubsequently
wher eupon this mcéié#rngdcafhebsaﬁﬁfer yeed s"’?&&ilyt %af&elﬁ!ot '4’23 @Xér{duqé ?S%t that

cal cined. The cal ci ned extrudates can then ﬂ@;egna ed as des
25 above.s |t temreragyre, °bo§§'%l'&°“"§oma?dd LS Cﬁ?%@eﬁ%tﬁhénf’"a]

met al catalystmvenertlss twi%t Me03caid By twtalgdosi tion prior to
extrusi on, nore partlcularly it is proposed to mi x the clay

and any ot her sugﬁort
e pore size distribution of the final catalyst was as follows:

10 Hg autqpore :
MPD= 20.0 nm

PV > 2.1nm = 0.737 ml/g

> 5.0nm = 0.547 ml/g

> 10 nm = 0.373 ml/g

5 > 20 nm = 0.253 ml/g

Catalyst B

Support B was prepared by mixing 191 g of pseudoboehmite alumina (LOI

20 24%) was mixed with sgfficient dilute HNO3 to peptise part of the
alumina and mixed for 15 minutes, after which 140 g of the synthetic
saponite prepared above and 37.1 g of Mo0O3 (Climax) were added to the
mixture. Some additional water was added, and the resulting mixture
was kneaded for 40 minutes. The paste was then extruded to form 1.5 mm

25 cylindrical extrudates. which were dried at 120°C overnight, and
subsequently calcined in air at 450°C for one hour. The water PV of
the extrudates was 0.8 ml/gram. The PY as measured by mercury
intrusion was 0.67 ml/gram, with an MPD of 13.8.nm.

-

216.8 g of‘support B (LOI 7.9%, PV H20 0.8 ml/g) were impregnated with

30
a solution of Co(N0O3)2 in water. The catalyst was dried at 120°C for
. 1.5 hours and subsequently calcined in air at 420°C for 1 hour. The
metal contents of the final catalyst were 11.5 wt% MoO3 and 3.2 wt%
Co0. - '
_

—
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material s with nol ybdenum oxi de, after which the resulting m xture is
extruded WA&6OHITI ned. 30 As was Stﬁéﬁﬁ»@ E!L

cl ays contai ni ng hydrogenation nmetals of their . an al so
be used in the catal yst according to the invention. The

hydr ogenati on netal s can be added, e.g., during the preparation of the

N WO 96/ 07477 :

PCT/ EP95/ 03429 26

The pore size distribution of the final catalyst was as follows:

Hg autopore :
MPD= 13.7 nm
PV > 2.1nm = 0.615 ml/g

> 5.0nm = 0.400 ml/g
> 10 nm = 0.234 ml/g
>20 nm = 0.128 ml/g .
10 Example 8: (Mild) hydrocracking activity of the catalysts according to ‘
the invention prepared in Example 7
The catalysts prepared in Example 7 were tested in hydrocracking. For
this purpose, 100 ml of each catalyst, diluted with carborundum, were
15 Toaded in a tubular reactor fitted with a thermowell.

The catalysts were pretreated in a DMDS-spiked LGO -at 30 bar. The
catalysts were heated under hydrogen to 120°C, after which the DMDS
spiked LGO (2.2 wt% DMDS, 3 wt% total sulphur) was introduced. The
20 catalyst was kept at 129‘0 for an additional period of 3 hours while
the spiked feed was passed at an LHSV of 4. An Hy flow was then
‘started to reach -an Hp/0il1 ratio of 200 N1/1 and an LHSV of 1.5. The
temperature was increased in two steps to 320°C, at which temperature

the catalyst was kept fpr 3 hours.

25 , . ' S
The feed for the activity test was a Kuwait VGO with the following

properties:

30
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clay, resulting in their incorporation into the octahedral

| ayer. wooytre it may be that the catal yst contains ogg-?( h&?%
hydr ogenat i on nmetals introduced via the clay, it is EEHSI03429
possi ble to incorporate ot her, additional hydrogenation netals
into the catal yst conposition. 5 Furt hernore, the hydrogenation
netal s can be incorporated as counter- i ons between the clay

pl atel ets, to counterbal ance the clay plateglets’ negative

char ge. It will be evident to t skilled person that it is also

possible to

conbine the different aspects of the processes

descri bed abOVesfﬁhV§15&0 18p @ port|0%700Q the hydrogenation netals

can be introduced |npre natlon whi | e anot her portion is
m xed with the clay before P% orned into a support, or a .
portion of the hydrogenati gpznetal s |s391°c i ncorporated into the
cat al yst conposition by ma¥ ff t he clay conponent,, whil e anot her
portion is added to the ca 8 yst conpos?g éﬁ 15 - by inpregnation of
the shapedgsupport . 50% The cat #5ys¥C particles may have many
different shapes. The suitagde 486Sdrapes include spheres, cylinders,
rings, and symretric or asgnnetric
0% 527 °C
95% 540 °C
FBP 562 °C
10
Density (50 °C) 0.9018 g/ml
Nitrogen 881 ppm
Sulphur _ ' 2.98 wt%
15 Refr. Index 1.5061
Wt% H from NMR 13.26
Aromatics
20 Mono 14.1 wt%
Di _ 23.6 wt%
Tri+ 4.0 wt%
Aniline point. .. 78 °C
25 | )
The catalysts were tested under two conditions.
30
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pol yl obes, for instance tri- and quadrul obes. The particles usually - 20
have a Y@M47€17 in the range of 0.5 to 10 mm and t hpeifeph h

likewise is in the range of 0.5 to 10 nm | f the catalyst
contai ns non-noble Goup VIIl metals and/or Goup VIB metal s as
hydr ogenation netals, it is preferably sul phided prior to 25 use.

This involves converting the netal conponents. in the catalyst to

their sul phided form The sul phiding cag be done by neans of processes
known to the skilled person, e.g., by contacting the catalyst in the
reactor at rising tenperature with hydrogen and. a sul phurous. feed, or

with a m xture of hydrogen and hydrogen sul phide. 30 I f the catal yst
is a Goup VIl noble netal, Comdiitéon 4 no need forCondition 2 sul phiding as a
rul e, and reduci ng,step, e.g., with hydrogen, wll suffice.
As st ated gg&ﬁ"g‘}"'ief(?q}e cl ay %:angonent cont ai ns h)38505%enation met al s
WD 96/ 0747 4o} 'f Eﬁ%/l) 320 ’ 328' |
PCT/ E95/ 0 ire (ban) 50 50

Days 2 3

The performance of the two catalysts under the cdnditiohs described
above . is reported below. The figures given are  averaged out over
several samples taken during the respective conditions.

10 ¢

Catalyst A
MHC HON | HDS
15 Conv. KMHC ppm N ppm N K HDN wt.% S wt.% S K HDS
391- feed product feed product

C1 18.9% 0.418 881 480 1.20 2.98 0.190 7.55
c2 39.2% 0.248 881 177 0.80 2.98 0.038 6.11

20
Catalyst B
MHC HON HDS :
25 Conv. KMHC .ppm N ppm N KHDN wt.%5S wt.% S K HDS
391- | feed product feed product
c1 19.2% 0.426 881 454 1.33 2.98 0.163 8.51
C2 39.6% 0.252 881 152 0.88 2.98 0.030 7.22
30 "
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15* such as cobalt or nickel, these wll be freed from thé

clay by weoeuséphagdat i on. Because the hydrogenation ar e
di sti buted honogeneously through the clay, the hydrogen&?rézpm’aﬂ S
will be di stributed honogeneously over the catalyst conposition
after sul phi dati-on. Use of the catalyst according to the
i nvention Dependi ng on their conposition, the catal ysts according
to the 10 invention can be used in virtualdg all hydroprocessing
processes to treat a plurality of feeds under w de-ranging reaction
condi tions, e.g., at tenperatures in the range of 200[err] to .
440[ err] C, hydr oggghversion 19 definedsSasi:n the range of 5 to 300 bar, and space
velocities (LHSV) in the range of 0.05 to 10 h[err]. 15
Conv. 391- = 391+(feed) - 391+(product)
391+(feed)
.5 :
in which 391+(product) is the fraction of the product boiling above
391 °C, and 391+(feed)is the fraction of the feed boiling above 391°C.
K MHC 1is the reaction rate constant for the mild hydrocracking
reaction, K HON is the reaction rate constant for the HON reaction,
10 and K HDS is the reaction rate constant for the HDS reaction. These
three reactions obviously occur simultaneously.
Example 9: Isomerisation activity of the catalyst according to the
invention : '
15

A sample of Mg-saponite prepared as described in Example 7 was shaped
by pressing tablets of the material and crushing the tablets. A
fraction of particles measuring 0.4-0.6 mm was sieved out and used for
the activity test. The shaped sample was calcined in air at 400°C
20 prior to the material' being loaded with Pt. The Pt-loading was
performed with competitive ion-exchange using Pt(NH3)4Ci1p.Ho0. The
final Pt-loading was 0.35%. About 6 g of the sample were calcined in
air at 650°C for 3 hours. The-sample was then reduced in a flow of 50
mi/hr of Hz at 6 bar at 400°C for two hours, after which the catalyst
25 was cooled down under hydrogen. The reduced catalyst was tested in the
gas-phase hydroisomerisation of n-heptane at 320°C, at a total
pressure of 30 bar. The feed- consisted of a mixture of n-heptane and
‘methylcyclohexane at a ratio of 2 to 1 in hydrogen. The hydrogen over
hydrocarbon ratio was 4, and the WHSV was 1.5. A sample of the
products was taken after the catalyst had been on stream for -about 2
hours. Under these conditions, 56.7 wt%. of the n-heptané was
converted, the isomer content in the C7-fraction of the product was
99.5 %, and the fraction of hydrocracked products was 0.96 wt% (the
product contained 92.04 wt% of molecules larger than C5).

30
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For exanpl e,

for use WMO682477hydrocracking of heavy feedstocks to %ﬁdl e
distillates. For these hydrocracking processes, the fol | ot 2
for the relevant process paraneters apply: 20 tenperature: in the range
of 2307fn 450Fer+-C hydrogen pressure: in the range of 100 to 250

; ce vel ocj range of 0.2 to 3 hours[err]; :
H[err]/ llllmg uuﬂ “! Eitrange of 300 t@g2000 NI /1. General |y, the
condit| uch as will give a conversion 25 of at least 70
Ww.% The termconversion in this context refers to the wei ght, in
per cent, of obtained product with a boiling point bel ow 391 err]C
(where applicable, this weight is corrected by taking into account
the wei ght of the portion of the feedstock which already boils bel ow

391[err]C) vis-a-vis the weight of the feedstock deployed. - 30 An
exanpl e of a catalyst according to the invention which is suitable

for use
conpri-sh

ng

in gxg%&cracklng to produce nmiddle distillates is a catal yst

% of hydrogenation netals, preferably conprised. of

a conbination of Ni and Mo or W 1-60 wt.% of -clay conponent,

10

15

1.

20

25

30 -

A catalyst at least comprising a hydrogenation metal component and

- a swelling synthetic clay composed of elemental clay platelets,

with the average diameter of the clay platelets not exceeding 1
micron and the average degree of stacking of the clay platelets
not exceeding 20 sheets per stack.

A catalyst accord1ng to claim 1 wherein at least 1 atomic % of the
metal 1ons in the clay platelets is replaced by metal ions of a
Tower valency than is required for neutral clay platelets.

A catalyst according to claim 1 or 2 wherein the average diameter
of the clay platelets does not exceed 0,5 micron and the average
degree of stacking of the clay platelets does not exceed 10
platelets per stack,

A catalyst according to any one of the preceding claims wherein
the catalyst comprises a.component of a Group VIB metal and/or a
component of a Group: VIII metal.

A catalyst -according to claim .4 wherein at 1eas£ 6ne of the
hydrogenation metals is present in the octahedral layer of the
clay mineral.

certain catal ysts according to the invention are suitable

A catalyst according to any one of the preceding'c]éims which

comprises at least 5 wt.% of a matrix material.

||II|||l TN
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16° preferably 10-50 wt.% 3-55 wt.%of zeolite, preferably 10-50

w. % and the wosehggrance al umi na. An exanpl e of a catglyshocnsaze
aceordi ng to-the_invention which is suitable for the 5 production o

di esel by way of ﬁgaFBEFEEang-eonprises a Goup VIB hydr ogenat i on

met al corrponegH"J"Lm oup VII1 hydrogenation netal conponent,
and two crystal Mﬂn ents, nanely a clay conponent with the
required properti €s &s ®#o 9l | et size and séﬁcking degree in

conmbination with a Y-zeolite with a unit cell”size in the range of

2.400-2.480 10 nm The clay conponent is for exanple a nagnesi um saponite.

The use of the cayal yslgeaqee deguty thecieB! LA Bhd bk Gaertdinds

processes is also envi sagcg . .d hydrocracking C S, T ) ]
foll owing val uesehetgds trom; plumi g3 o sdhtcapr stld§a-3Jumbnmt ditaniap zirconia,
tenperature: in the rpangiatefes3bfdresf] to 450[err] G hydrogen_ pressure:

in the range of 25 to 100 bar, preferably in the range of 40

8. A catalyst according to any one of the preceding claims which
additionally comprises a matrix material with catalytic activity
selected from silica-alumina and a molecular sieve component.

-5

9. A hydroisomerisation catalyst according to claim 1 which comprises
a swelling synthetic clay composed of elemental clay platelets,
with the average diameter of the clay platelets not exceeding 1
micron and the average degree of stacking of the clay platelets
not exceeding 20 sheets per stack, and a Group VIII noble metal as
hydrogenation metal component and, optionally, a matrix material
selected from silica, titania, and mixtures thereof.

10

15

10. A process for the hydroprocessing of hydrocarbon feeds wherein the
feedstock to be hydroprocessed 1is contacted at elevated
temperature and pressure with a catalyst according to any one of

20 the preceding claims.

11. A process according to claim 10 wherein the process is a
hydrocracking process.

25 - 12. A process according to claim 11 wherein the process is a
hydroisomerisation process.

30
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to 80 bar

H2/ oi |

r Sl &éir ange of 200 to 1000 N./I
condrtrons sel e re such Wﬁ&{ﬁ;&ﬁ.&%&&%ﬁ% il

ol o SRIERNATIORR; % bt
exanpl e éﬁ.@q_ Xiﬂﬁ%'@i" I 19
in (Slmwahgndlrﬂamféémmgtmé pr oduce m g dilmnémﬁonhllmbmm Hulﬂbeﬁ‘:at aI ySWO 96/07477
conprilsi ngoBy #0016 .% preferablyf AQ-]40 wt. % of hydrogenation melt3R € <% )
conporlents, which 25 pr eferably are h cdii isratiopal Publicgtion Befer\y 14 Maych 5996 ¢14.03.96)
wt . % a clay conponent, preferably 15-50 w.% and 0-95 w. %
pr ef er|dti ntSnalienaltppliéptiopfNumber: 3| UPGTERINSIB420) ¢ (81) Designated Stitese AMa AT | %B% BG, BR, BY, CA, CH,
accordi o t.h resent invgn r [) (0] ver;ﬁ% %% "F@Ekt%é:"%qzs IS, JP, KE,
h Mlntternailongl Pt?lmg %)a{g: ?l A tn19% (?l 0@ 5? , MG, MK,
the , MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, 31,
SK, TJ TM TT, UA, UG, US, UZ, VN, European patent
(30) Priority Data: (AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC,
9401431 2 September 1994 (02.09.94) NL NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
, GN, ML, MR, NE, SN, TD, TG), ARIPO patent (KE, MW,
SD, SZ, UG).
(71) Applicant (for all designated States except US): AKZO NOBEL
N.V. [NL/NL); Velperweg 76, NL-6824 BM Amhem (NL).
- Published
(72) Inventors; and With international search report.
(75) Inventors/Applicants (for US only)) DE BOER, Mark
[NL/NL]; Breestraat 24, NL-3811 BJ Amersfoort (NL).
) VOGT, Eelco, Titus, Carel [NL/NL]; Lombardije 52, NL-
i . 3524 KK Utrecht (NL). LELIVELD, Robertus, Gerardus
kr' , [NL/NL}; Mgr. van de Weteringstraat 64 bis, NL-3581 EK
Utrecht (NL). GEUS, John, Wilhelm [NL/NL); Gezicht-
" slaan 100, NL-3723 GJ Bilthoven (NL). YOGELS, Roland,
Jacobus, Martinus, Josephus [NL/NL]; Reitdiepstraat
75-1A, NL-3522 -GG Utrecht (NL).
(74) Agent: SCHALKWIK, Pieter, Comnelis; Akzo Nobel N.V.,
Patent Dept. (Dept. APTA), P.O. Box 9300, NL-6800 SB
Armnhem (NL). .
|
‘ (54) Title: CATALYST COMPRISING AT LEAST A HYDROGENATION METAL COMPONENT AND A SYNTHETIC CLAY
(7) Abstract
The invention pemms to a catalyst at least comprising a hydrogenation metal component and a swelling synthetic clay consxstmg
of elemental clay platelets, with the average diameter of the clay platelets not exceeding 1 micron and the average degree of stacking of
the clay platelets not exceeding 20 platelets per stack. The catalyst is especially suitable for the hydroprocessing of hydrocarbon feeds, the
term “hydroprocessing™ encompassing all processes in which a hydrocarbon feed is treated with hydrogen. The clays which are suitable for
use in the catalyst according to the invention may be prepared as described in Netherlands patent application No. 9401433,
| k,r
|
|
g
( .
. 2 8 JUL Zlwy

SRy

20 Cenerally,




di f unct i onal hydr oi sonmeri sati on of |ong chain paraffins. These |ong chain
par af fi n8,~ al spoleroumr as waxes, are nol ecul es that have a negahkﬁgus%kg&&a
/

on the quality of diesel fuels and |ube oils. In diesel

nol ecul es tend to crystallise at unacceptably high tenperatures, so
rendering the diesel 5 unsuitable for fuel applications during wintertine.
In lube oils, waxes w | mai nly affect the viscosity. Hence, these

nol ecul es nmust be renoved. Two ways to achieve this are known in the.
literature, nanmely cracking the nol ecul es to | ower boiling nol ecul es

and i sonerisati oBATHLYSheCOMBRESINGEAT t LEAST A iHYORQGENAT IOHs MEAAL h§AMPONCNTaMiDNd
dewaxi ng catal ystywigeri®yuppt ure convert some 10 of the feedstock, nanely
the' n-paraffins, to products outside the desired boi l i ng range, thus
limting the attainable yields of mddle distillate. A

hydr oi sonmeri sati on process, on the other hand, w |l convert the | ong-chain

- ffi ff h h I h d d
Tange bt o i IgeRTeR i s Eon thor et et OaboulFasi neapran | &
I ower t han_ghosehxﬂroghmtiﬁn ruetphrcainbommt and a Iiynlubstﬂneeha}f .08add td*aetla]:tite is
hydroi someri'sati p.y QE%YW%ICQI?E%W g frgﬂQ?ﬁrch‘glé§s1ngdh¥Wapﬁmp%£g mefle V’Eetrm

a clay-containin t he cat a roce
contains a hydrogmia@pmeés)wénehfchb%ﬁgnfsﬁntngn@mp@srﬁeesw1nmrecaffses in wmcéup

VIB netal CO”DOHWKr%c@r%nQ'éédpﬁ/'He'acf@ﬁ @htﬁw@fw f%t fMvated temperature and
st pre

particularly, th VI I1 nobl S. er

hycr ogenat | on E1eVaBH REdasuPe. D ngen rocsSPra e ds, Ty dedasitahyrasation.

t he 2@ pr elarodenitrogenatidrg cligyredemedakbiitsation,he loatrederatroatibetivngd

in tt1 S process hﬁ%ro-isomerisation, hydrodewaxing, hydrocracking, and hydrocracking
under miid pressure conditions, which is commoniy referred to as mild

hydrocracking.

Clays are layered silicates, also known as phyllosilicates. They are
composed of a stack of elemental clay platelets. The individual clay
platelets are composed of a central layer of oétahédrally co-ordinated
metal ions interlinked by means of oxygen ions. On either side of this
octahedral layer there is a layer of tetrahedrally co-ordinated metal
20 ions, with oxygen jons serving to link the tetrahedrally co-ordinated
metal 1ions both to one another and to the octahedral layer. In
_ addition to oxygen atoms interlinking metal ions, the clay structure

AL/ contains hydroxyl groups. '

15

To have a neutral octahedral Tlayer, the metal ions .present in that
25 layer will have to provide a total charge of 6+ for every three

octahedral cavities. This can be achieved by filling two out of every
three octahedral cavities with trivalent metal ions, e.g., aluminium
f : ions, or by filling all octahedral cavities of each set of three with
divalent metal ijons, e.g., magnesium jons. This gives two types of

. 30 octahedral layers, viz. trioctahedral layers, which have three
(divalent) cation site occupancy, and dioctahedral layers, which have

two (trivalent) cation site occupancy. In dioctahedral layers one

third of the octahedral sites between the oxygen atoms remains

REPLACEMENT SHEET|
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advant ageous _for_the hydroi sonerisation of wax-containing feedstocks,
because it h¥P¥¥8Hoi nati on of desirable properties. The | oWwPET/ERESI03429f «
the 25 <clay precludes hydrocracking of the product isoparaffins. The
properties of the clay are such that a good dispersion of the

hydr ogenati on conponent is ensured. The effects of mass diffusion
limtation are elimnated by controlling the properties of the
support. It is preferred in this specific application to pr event
hydr ocr acki ng t hrough bi nder-support i nteractions by using a binder 30
mat eri al which does not give rise to such interactions, e.g., silica or

titania. 18
Al ternatively, urtfiiibad.be preferable to shape the synthetic acid saponite

support M a ' h S [ r{g c ef d
catal yst for u\éxetn?ﬁwcﬁ]f g#c'??’%%gp Y‘é}?etr Pﬁi{/ugrr oF 'sbtofﬁgrjléﬁsea_# %grﬁ#h\ép P*or‘fé%@alhﬁve
paraffins is a aAebraveientoppangsi np general o the. gatdon will beSaft num
pal |l adium _or a m xture thereof, 1-99.9 w.% preferably 10-50 w.% of

cla 5 -0 ent, and Q-98.9 . % preferapl 0-90 wm,.% of silica,
ti tgfﬂ a, or gp h;pLﬁqyer valency ca%ﬁoné)a e sd%st$%d%e§ for highe#)va ency cat?ons

in the clay platelet structure, the clay platelet is negativeTy
charged. This phenomenon is known as isomorphous substitution. For
instance, in the octahedral layer divalent metal ions such as
o 10 magnesium, zinc or nickel may be substituted for trivalent metal ions

such as aluminium. The clays formed in this fashion are called
montmorillonites. Alternatively, in a trioctahedral layer menovalent
metal ions such as lithium may be substituted for divalent metal ions,
resulting in so-called hectorites. In the tetrahedral layer trivalent
metal ions, e.g., aluminium atoms, may be substituted for the silicon
atoms. In the case of a clay with a trioctahedral layer, such a
substitution will give a saponite, for a clay with a dioctahedral
layer the result will be a beidellite.

15

The negative charge generated by isomorphous substitution is
counterbalanced by the incorporation of hydrated cations, also known

20

as counter-ions, into the space between the clay platelets. Generally,

these cations are incorporated in the hydrated form, causing the clay

to swell. For this reason clays with negatively charged clay platelets
_ o5 are also known as swelling clays. It is because of this negative
j charge that swelling clays are advantageous for use in catalysts. For,
' they can act as solid acids.

The use of clays in hydroprocessing catalysts is known as such, e.g.,
from EP-A 0 246 906. In this publication hydroprocessing catalysts are
described which contain a natural clay where hydrogenation metals have
been substituted for the counter-ions.

GB 1 528 982 describes a hydroprocessing catalyst containing a Group
VI8 metal disulphide with a hexagonal crystal structure on a layered

REPLACEMENT SHEET

28 JUL Ziu




t her eof . ' 'The present invention is illustrated by the follow ng
Exanpl es? 1Wosssmepl e 1: Preparation of My-, Zn-, Co-, and N
having a Si/A ratio of 39 and ' 12.3 To prepare akﬁ?ﬁgﬁygﬁﬁ’
having a Si/Al ratio of 12.3, 100 ml of dem neralised water wer e
added to 43.6 g of water glass (about 27 wt.%silica) in a 250 m beaker.
To this 15 was added, after vigorous stirring, a.solution of 5.95 g of
Al (NdJerr])[err] 9 Herr]Oin 80 m of 2 3 M caustic soda. To obtain a
Si/Al gel having a Si/A ratio of 39, 2.30 g of AI(NJerr])[err] 9
H20 in 88.5 m of 65%nitric acid were added to a solution of 43.6 g of
wat er gl ass sud@@?@“% XA gﬂ¢&95|llca) in 100 n1 of den1nerallsed wat er .
The' prepared gel s we curéq for one hour roomte ture. 20
Next, the gel aﬂﬂwﬁée‘f»hetheeé‘r'?"é'd F)’ﬂ°“ftalmd'9v\é§t%‘ryéﬁ§fé?rB wgys provide
B_r F]Ci pi t?t {/\?n&\feﬁﬁ:&bfactory rasuBReshdn Redrudabson lﬂaédsear@treahtec( Aith gy@fbgen,
en, us y err
i, Cont - on catt-1al s e Rt e B clay P! 3¥ agfessTHPE to tRd 'thed
demineral i sed weandr it Ti Tisenctu ppssidl ertondis] Tyesemd ate the[ elaysC, propertieson 36 g
of urea 25 and the desired amount of My-, Zn-, Co- or Ni-nitrate were

added. This was 0. 16 .
o The catalyst according to the invention

It has now been found that an exceptionally favourable hydroprocessing
catalyst is obtained by the incorporation therein of a clay satisfying
certain conditions with regard to the diameter and the degree of
stacking of the clay platelets. The catalyst according to the

invention at least comprises a hydrogenation metal component and a

clay, with the average diameter of the clay platelets not exceeding 1
micron and the average degree of stacking of the clay platelets not
exceeding 20 sheets per stack. The two parameters are easily
determined by means of transmission electron microscopy. Furthermore,
the clay plate]ets' have to be negatively charged. WNeutral clay
platelets, i.e., clay platelets which have not been subject to
20 isomorphous substitution, are -catalytically inactive.

15

Because there are restrictions to the diameter and the degree of
iN stacking of the clay platelets, their surface area is readily
accessible to the feed, giving a very active catalyst..

25 ' '
The average diameter of the clay platelets is not more than 1 micron,
and is preferably between 1 nm and 0.5 micron, more preferably in the
‘ ' range of 1 nm to 0.1 micron, most preferably in the range of 1 to 50
‘ 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 preferabiy not more than 5 platelets per stack, and most
i_ preferably not more than 3 platelets per stack. The lower limit,
2‘\i needless to say, is constituted by unstacked clay platelets, which

30
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mol e and 0.185 nole, respectively, for the.gels having a Si/A ratio of
12.3 and 39. WO t or 20 hours of stirring at 90[err] C t hePETrEPImRSi29™

was filtered,
dem neralised water and filtered three tinmes. The resulting clay 30
, . PCT/ EP95/ 03429
was dried at 120[err]C for 16 hours and calcined in air at
16 hour s. Exa#pl e 2: Preparation of 7.5 w. %

WD 96/ 07477

19

450[ err] C for

foll owed by the residue bei ng washed with 500 m of

Mo err]/clay catal yst via inpregnation

10

15

20

25

30

have a "degree of stacking® of 1. As regards isomorphous: substitution,
at least 0.1 atomic %, as compared with the neutral clay mineral of
the cations, can be replaced by cations of a Tlower valency.
Preferably, at least 1 atomic %, more preferably at least 5 atomic %,

of the cations in the clay platelets is replaced by cations of a lower -

valency. In the octahedra) layer, preferably not more than 50 atomic %
of the metal ions is replaced by ions. of a lower valency as compared
with the neutral situation, more'preferably not more than 30 atomic %
is replaced. In the case of the tetrahedral tayer, preferably not more
than 30 atomic % of the tetravalent metal ions present is replaced by
metal ions of a lower valency, more preferably not more than 15
atomic %. Isomorphous substitution may occur only in the octahedrai
layer, only in the tetrahedral layer, or in both layers. In this
context the term isomorphous substitution also refers to the removal
of cations without the incorporation into the lattice of replacement
cations, by which vacancies are produced. It will be clear that this
removal also generates negative charges.

The trivalent ions in the octahedral layer preferably are aluminium,
chromium, cobalt (III), iron (III), manganese (III), titanium (III),

gallium, vanadium, molybdenum, tungsten, indium, rhodium, and/or

scandium. The divalent ions in the octahedral layer preferably are
magnesium, zinc, nickel, cobalt (II), iron (II), manganese (lI),
copper (II) and/or beryllium, and the monovalent ions preferably are
lithium ions. '

The tetravalent ions in the tetrahedral layer preferably are silicon,

titanium (IV), and/or germanium, for which may be substituted

trivalent ions preferably selected from aluminium, borium, -gallium,
chromium, iron (III), cobalt (III), and/or manganese (III).

A portion of the hydroxyl groups present in the clay platelets may be
replaced by fluorine if so desired. '

Clays suitable for use in the catalyst according to the invention
include ciays with a composition as given in the following tabile:

REPLACEMENT SHEET
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5 10 10 g of ground up clay (sieve fraction 150-425 [err]m prepared

as des®Q W4T Exanple 1 there was added, in vacuo (WapefEbeigsdse
punp) in a 100 m round-bottonmed flask, a solution of 0.99
g of (NH err])M[err]O[err] 6 Herr]O in dem neralised water. The
anount of water used was 10 equal to the pore volunme of the clay
as determned by nitrogen adsorption. After adsorption of the
solution into the evacuated cl ay for  mnutes the catal yst was
dried in a flowof air (5 1/mn) for 3 hours with the round-bottoned
flask being rotated. Next, there was 16 hours of drying at 120[err]C

and, 16 hours of cal cining iGctahedral Wyefrerr] C. Tetrahedral l@yerml e 3:
Preparation of 7.5 wﬂ.@bNbC{egq]@&lay catal yst vi aghonogeneous

deposition precipitation n aqueous Nb(lllg.solution was prepared
by el ectrochem cal route. 20 Al, Mdati num el ectr ode3indde enpl oyed as

cathode and anode (9 cnferr])mgThe . - anode spgfe ApMas a porous
porselain pot (200 M) filled yﬂ h 8 M hydrgchloric acid. This pot
was placedsin a 1000 m beakef'fillled with - T solution of 17.2 g

of (NH err])M)J[err]O[err] 6 Mjedi]O in 650 m Sbf 8 M
hydrochloric acid. Stirring mﬁ§ { nmeans of a nagng{i%]agitator. For 8 25
ough (3

hours current was passed throu .8 V. anodic cufrent  density 0.003

Alcrerr]), until a clear, |if8htMped Mo(I111) sol utPbnAhas obt ai ned.
Al, Co Si

'I\_/' 10 A], Co Si, Al
Co Si, Al
Co, Li | Si
Mg, Co : Si, Al
15 As was stated earlier, it is of vital importance to the catalyst

according to the invention that the clay platelets be negatively
charged. This can be effected simply by ensuring that metal ions of a
Tower valency than is required for the neutral state are incorporated
into the octahedral layer or the tetrahedral layer or both.
20 In the catalyst according to the invention use can be made of clays
which have had isomorphous .substitution in the octahedral layer as
1 well as clays which have had isomorphous substitution in the
?Lﬂ, tetrdhedral layer. Since the negative charge is closer to the surface
of the clay platelets in the case of substitution in the tetrahedral
layer, substitution in the tetrahedral layer will generally give more

: 25 .

| strongly acid sites than substitution in the octahedral Tlayer.
Isomorphous substitution in the tetrahedral layer gives a structure of
acid sites which somewhat resembles the acid sites structure found in

! zeolites.

.’ 30

Optionally, the counter-ions 1in the interlayer between the clay
i platelets can be replaced by H30% ions. Generally, such a substitution
does not involve suspending the clay in a concentrated acid, for the

_- L % ' |
s Y - |REPLACEMENT SHEET
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The clay as described in Exanple 1 after being washed and filtered was .

i ntroduced i A&

in 1.8 1 of dem neralised water. Unlike in earlier exanples, the M-
clay Si/Al
cal cined before being suspended in water. N trogen gas was passed

t hrough the suspension via a gas inlet pipe. In about 4 hours' tine 80

= 39 and Zn-clay Si/Al = 12.3 from Exanple 1 were dried and

WO 96/ 07477
PCT/ EP95/ 03429 20
acid may react with the cations in the clay structure, resulting in
the cations being lixiviated and ending up in the interlayer. If it is
desired to introduce H30* ions into the interlayer between clay
platelets, the first step is to use ion exchange to incorporate
5 hydrolysing metal ions into the interlayer. Hydrolysis will then give

10

15

20

25

30

hydrogen ijons. These Brensted acid sites can be converted into Lewis

acid sites by heating. Alternatively, Brensted sites can be achieved
by substituting ammonium ions for cations and then heating the whole.
This process will result first of all in ammonia desorption, leaving a
proton to form a Breonsted site. Heating to a higher temperature
results in water desorption, forming a Lewis site. Such Lewis sites

. are of particular interest for catalytic purposes.

Swelling clays suitable for use in the catalyst -according to the
invention are disclosed, int. al., in Netherlands patent application
No. 9401433.

In this patent application clays are described which have clay

platelets satisfying the requirements as to degree of stacking and
size of the platelets, thus rendering them suitable for use in the
catalyst according to the invention. This patent application further
describes clay minerals composed of clay platelets of the desired
degree of stacking and sheet size where the clay plateiets are not so
much stacked as placed one on top of the other at an angle in a "house
of cards" structure. The advantage of this house of cards structure is
that it gives comparatively wide pores of a diameter of the order of 6
nm and higher. The greater part of the specific surface area of such a
clay is in pores having a diameter of 6 nm or higher. A feature of
such a- structure is that its X-ray diffraction pattern has no or
hardly any (001) reflections, indicating that there is hardly any
stacking. ) i

The aforesaid patent application also describes a process for the
preparation of clays suitable for use in the catalyst according to the
present invention, which process has the advantage over the

75t eci pitation vessel from Exanple 1 and secIaEmesmsi2e 30

b
at




m of the Md(I111") solution from Exanple 3 was punped into the

suspensi bn witWMOR6AT47 d punp. At the sane tinme, the pH was keptpcr/EPesinzd2e
constant at 6.5 by injection of 5% anmoni a. Next, the suspension was
filtered and washed, after which the residue was dried at 120[err]C for 16

5 hour s. Cal cination took place in air at 450[err]C over a period of
16 hour s. Exanpl e 4: Synthesis of clays of the overall
formul a My[err]Z[err]Si[err]O[err](OHerr]), wherein Z = Co or Ni
10 To a solution of 93.8 g of water glass (about 27 w.%silica) in
200 m of dem neralised water was added a solution of 16 ml of 65%
nitric agundtehtioh@D procedsedest ferdl ngs eday@thayingl e 0édsived Rdp@ities

stirring . was_cured fqr _one_hour  at,rogmtenperature.and th
transferred to 4 1609874, P8 they a?t’?%nanq/eégﬁl %egﬁ%an %é aﬁ%fﬁvf‘%ea% ?‘ﬁeB&;ﬂle e
1. The gel wasplatelets.dil imedddittibn? tomgareédniwidhaltheecknoan epracedseeathel
to 90[err]C. Fax : IS, 0T : s .

My[ err] Co[ err] gimfl?ﬁn té1r°rn] ?@%?g?ﬁ]%? l\‘/\groéc %13(11(§le8r%fc(?.sg agremp af\}df Klbitrellyrﬂnré?'r]
6 H20 and s 98.0 g of Co(NO[err])[err] 6 Herr]0. The ratio of Co and

N to My for the taéi Préddest form,SXRE NBRAESmEMAES6h fgfORMd O9%cEss WUesbiibed 1H0%
My. After the additio

90[err] C for Z(faﬂguPQPer%L@%gLisﬁ?égéq g}Fq & P"rﬁggggf 'gr?vﬁeéﬁél Tr"Httr‘]‘g? gbfaﬁ?ﬁ
washed wi t'h 70Gompomdntdenrgeded etloi sahdevartsynthesis, viz. oxides of the tetravalent
jons to be incorporated into the tetrahedral layer and the jons to be
incorporated into the octahedral layer, is brought to a pH in the
range of 3 to 9. The whole is then aged for some time, e.g., for 0,5
to 50 hours, at a temperature in the range of 60° to 350°C, the pH
being kept at the desired. value. In this process a solid product is
formed, which is isolated, for instance by filtration, and, if so
desired, washed and/or subjected to an ion exchange prior to being
dried. The process preferably is carried out in the absence of
chloride. |
One possible way of implementing the process is by mixing the starting
products prior to the preparation and then rapidly bringing the whole
to the pH at which the clay is to be formed. During the subsequent
heating the pH is kept at this value, with stirring, by the addition
' of a base. This may take the form of a base being injected below the
g\/ surface of the Tiquid, or of adding a compound which will decompose to
form a base. - ' - o
It is preferred, however, to prepare a suspension containing solid

. 10

15

20

-

: % silica and metal ions to be incorporated into the octahedral layer,
l and to slowly increase the pH of this slurry. by the addition. of a base
or the partial decomposition of a. base precursor. For example, a
{ silica gel is prepared, the pH:'of which is reduced to a value at which
Lo 30 the metal ions to be incorporated into the octahedral layer are still

soluble. Next, the metal ions to be incorporated into the octahedral
layer are added. Excess urea is added, and the whole is aged with
stirring. Base is released by the decomposition of the urea, resulting
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three tines i Qv&b'é}&ﬁﬁfi on.

and calcined inarr at 450[err]C for 16 hours. 25 Exanpl BCT/BP95/03429 »
Desul phurisation of thiophene by M/clay catalysts at '

at nospheri c pressure To test the activity of the catal ysts of
Exanples 1, 2, 3, and 4 in t hi ophene (Cferr]Herr]S)

hydr odesul phuri sati on, use was nade of an autonmated 30  microfl ow
set-up. To this end 1.0 ml of the catal yst was | oaded on a qgquartz

lattice in a quartz |ab reactor (inner dianeter 8 m). On top

catal yst bed was placed 1 m of quartz beads (1.5 nmin di aneter),
after which theiRehsiow TRgEeaseatibdhe PHapl dhensuspaesion to form@ ghaypmaneral.

PCT/ EP95/ 03429 The nature of the obtained clay can be altered by varying the nature

15

20

25

30

of the metal ions added. For instance, adding a mixture of magnesium
jons and zinc jons will give a clay of which the octahedral layer
contains both magnesium ions and zinc ions.

The size of the clay platelets is dependent on the aging temperature
and the aging period. The higher the aging temperature is and the
longer the aging period, the larger the clay platelets will be. The
size is also dependent on the nature of the metal ions to be
incorporated into the octahedral layer. If, say, zinc ions are used,
the platelets obtained will be much larger than when magnesium ions
are used. '

The degree of stacking is dependent on the ionic strength of the |

solution. A high ijonic strength will give much-stacked structures,
while a low ionic strength will lead to structures exhibiting little
stacking.

A simple way of pfeparing a clay in which aluminium is substituted for
silicon in the octahedral layer is by treating silica with a basic

aluminate solution, acidifying the whole to a pH at which the metal

ions to be incorporated into the octahedral layer are still soluble,
adding these metal ions, and then homogeneously increasing the pH of
the solution. Preference is given in this process to a gel prepared by
adding a basic aluminate to a silica gel. Following acidification the
metal ions to be incorporated into the octahedral layer and an
overmeasure of a compound which decomposes to form a base, e.g., urea,
are added- to homogeneously increase the pH. Next, the whole is aged
with stirring, in which process the insoluble clay mineral is formed.

This process produces clay minerals which satisfy the average platelet

diameter and degree of stacking requirements set for use of the clay
in the catalyst according to the invention. The ratio of silicon atoms
to aluminium atoms in the tetrahedral layer, and hence part of the

The product was dried at 120[err]C for-16 hours '

of the

o~
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21 ' tenperature was neasured with a thernocouple stuck into the

catal yst * ‘W0 96/074F2d . In order to activate the paiEoygiszd t
was sul phided with a gas stream 5 conprising 100 m/mn
Herr]/Herr]S Ar (10/40/50). To this end the gas m xture

was passed over the catalyst for 30 mnutes at room
tenperature, after which the catal yst was heated to 400[err]C

(5[err]Cmn). After 30 minutes afg 400[err]C the gas flow was
changed to 51.2 m/mn of t hi ophene/ H2/ Ar  (2.4/87.9/9.7).
Measuring was carried out wunder 10 at nospheric pressure. The

reaction prOdUCaTchngrQ#ﬂQﬁ@ cla@l ScailtRNeegulated throughr&ﬁé? Rittienef silicon

i sobut ane, but ane and unconver ed thio
anal ysed wi Ch + HaNS] G0 I PGl bGH BT i T ootns ofpbigen atoms  and
CP-sil -5 CB col wiomimitumgatdmadby naridhéafdeovendyep ein (the58etmahedifal=13yér of the

[err]m 100 m carrier gas He). The table below lists the
conver si on ﬁ&'ﬁé&k?ﬁbr 6 hours of reaction at 400[err]C for the

various (My clays. The conversion i s defined as the percentage
cal cul ated by difi donde§f¥ed, the clays may be pillared. This involves providing

oligomers or polymers of, say, aluminium, chromium, zirconium or
titanium hydrated by ion exchange between the clay platelets. One
example of a known compound used to provide pillars is the
aluminium-13 cluster, a complex of 13 aluminium ions interlinked by

O
| > 10 hydroxyl groups and oxygen atoms. The incorporation of pillars between
the clay piatelets ensures that the space between the clay platelets
is kept open during drying, thus increasing the accessible surface
area. Processes for providing pillars between clay platelets include
those described in US 4 952 544, US 4 637 991, and US 4 766 099. The

15
: _invention further pertains to a catalyst containing a hydrogenation
metal component and a pillared clay.

In Netherlands patent application No. 9401433 a process for producing

20 pillars is described where the pH of a solution of the metal ijons

which are to form the pillars is slowly increased, e.g., using urea.

| This process makes it possible to produce larger pillars than those
KJ known so far. This is done, for instance, by prepari'ng an aluminium
solution having a low pH, which pH is then increased .in a controlled
-manner. This first results in the forming of aluminium-13 complexes.

% If the pH is increased still further, aluminium will precipitate on
the aluminium-13 compiexes, resulting in larger aluminium complexes.
These can be incorporated between the clay platelets by means of ion
exchange. Catalysts containing a hydrogenation metal component and
30 pillared clay minerals as described in the aforementioned - patent

application are also par't of the present invention.
Apart from that, it should be noted that because the clay minerals
used in the catalyst according to the invention have such small clay
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nunber of nol 3! ga_,gactlon products by the overall nunber of noles of
reaction prod 26447 t he unconverted t hi ophene. The sel ecti vi PCTEPISI03429+

certain product is defined as the percentage cal culated fromthe - 20
nunber of noles of said product divided by the total nunber of noles

of product obtained. It is clearly shown that w thout Mo the Co- and

Ni -clays are also active in the hydrodesul phurisation of thiophene.

Table 1: Conversion (% after 6 hours of hydibdesul phurisation at 25
400[err] C HOS Conversion (%
.(400[err] O | on Si/A ratio bl ank No i1 npr.

Nb dep. precipi Platelets and a1low degreespf stackingg rendering the surface arga »f
g 0. 2the clay {latelets *cadily accessgbﬂeln'. is n@t3necessary by &hyo
My g/g 3 means to alwayg pillapthe clay. 13. 4 30 5 Co
39 O0N8therlafds Patent. applicat®dn No. 9401433 alGo disclos€d the use Iof. 3

gg 6 195' / ag’rli'Vfted gajrbén, &9 in t?'ﬁ form ofN'ﬂrt‘ajpn fi?'gnents,”aso suppo7rQ' 1

82. 3 paterial for the <c¢lay. This embodiment is of 1interest to
hydroprocessing applications, and the present invention encompasses a
hydroprocessing catalyst containing-a hydrogenation metal component

and a clay on a support of activated carbon as one of its embodiments.

The clays used in the catalyst according to the present invention
generally -have a specific surface area in the range of 100 to
1000 m¢/g, depending on the nature of the metals present in the
octahedral Tlayer. The pore volume, determined by means of nitrogen
sorption, is in the range of 0.03 to 1.5 ml/g, again depending on the
nature of the metals present in the octahedral layer. In general, the
catalyst according to the invention contains 1 to 99 wt.% of clay.

15

The catalyst according to the invention at Jleast comprises a
hydrogenation metal component. As will be evident to the skilled
person, the word "component" in this.context denotes the metallic form
of the metal, its oxide form, or its sulphide form, or any
intermediate, depending on the sﬂ:ua‘cwn. '

The hydrogenation metals are selected ‘from the Periodic Table's Group
VIB and Group VIII metals. The nature of the hydrogenation metal
present in the catalyst is dependent on the catalyst's envisaged
. -application. If, say, the catalyst is to be used for hydrogenating
aromatics in hydrocarbon - feeds, the _hydrogenation metal used
preferably will be one or more noble metals of Group VIII, preferably
p]étirium, palladium, or a mixture thereof. In this case the Group VIII
noble metal preferably is present in an amount  of 0.05-5 wt.%, more
preferably in an amount of 0.1 to 2 wt.%, calculated as metal.

If the catalyst is to be used for removing sulphur and/or nitrogen, it

20

25

30
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WD 96/ 07477 |

PCT/ EP95/ 03420 96/07477 . DET/EPIS/N3429
Tables 2 and 3 list the selectivity to the various products of the

"bl ank” clays without Mo and the Mo-inpregnated clays. The catal ysts.
where the Mo is provided on the clay via honbgeneous deposition

preci pitation have the sane selectivity pattern as the inpregnated 5

cl ays. The formation of isobutane fron1unq&anched C4 hydrocar bons

i ndicates the presence of acid sites on the "Catalyst. Table 2
Selectivity (% to the various products of the clays on which

will generally contain a Group VIB metal component combined with a
‘Group VIII metal component. In that case, preference can be given to
the combination of molybdenum, tungsten, or a mixture thereof and
nickel, cobalt, or a mixture thereof. The Group VIB hydrogenation
metal preferably is present in an amount of 2 to 40 wt.%, more
preferably in an amount of 5 to 30 wt.%, most preferably in an amount
of 5 to 25 wt.%, calculated as trioxide. The Group VIII non-noble
hydrogenation metal preferably is present in an amount of 1 to 10
wt.%, more preferably in an amount of 2-8 wt.%, calculated as oxide.
-&;/ 10 If the catalyst is to be used in hydrocracking or mild hydrocracking,
use will be made of either a Group VIII noble metal or a combination
of a Group VIB metal and a Group VIII metal.

Clays possess a remarkable prbperty as compared with well-known acidic
components such as silica-alumina and zeolites in that they enable the
hydrogenation metals as described above to be incorporated into the
clay platelet structure. For instance, cobalt or nickel may be present
in the octahedral layer. In order to be catalytically active, these
; metals must be removed from the clay platelet structure during
5 20 catalyst use. This can be done, e.g., by means of reduction or
sulphidation, for instance when the catalyst is sulphided under
reducing conditions prior to use.
! ﬁ\/ ' Alternatively, the hydrogenation metals can be incorporated into the
interlayer between the clay platelets through'ion exchange. -

15

2 In addition to the clay saiisfying the aforementioned conditions with
regard to clay platelet size and maximum number of clay platelets in a
stack, the catalyst may 'comprise matrix materials, e.g., -alumina,
silica, silica-alumina, silica-magnesia, -zirconia, titania, silica-

30 zirconia, silica-titania, ° other clays, molecular  sieves,

: aluminophosphates, and mixtures of these materials. These matrix
% materials can function as binder for the clay platelets, thus
improving the attrition resistance of the catalyst particles. They can
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10 no Mo is row ded in HDS reaction at 400[err]C

HDS Sel ectivit Clay lon Si/A 1-butene ci s-buPETEPIS/IHI420 .
trans- but ene butane i sobut ane 15 5 Co 39 20.1 17.1
24. 2 29.7 8.9 6 - Co 12.3 20. 6 20. 8

30.0 20.0 8.6 7 Ni 39 37.4 21. 3

29.9 7.5 3.9 8 Ni 12. 3 37.6 20. 7

29. 4 7.1 5.2 20 Table 3: Sele®ivity (% to the various
products of 7.5 w.% Mo(Jerr]/clay (i mpregnated) in HDS reaction at
400C HDS Sel Gtivit 25

day lon Si/Adlsq fnctien asi £i bltﬁ?t"ei’i%te"t'Ia};lnsa"d:l]f‘%n%5 it 4 O ogb/ﬁo racking

3 My 39 activit®208 the clay.platelets, thusddaling it bosSible to Irebulate

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

The amount of matrix material which is present in the catalyst
. 10 composition according to the invention will depend on its function.
- Preferably, the catalyst according to the invention contains at least
5 wt.% of matrix material, calculated on the weight of the catalyst
composition. Binder/filler matrix materials are generally present in
an amount of 0-90 wt.%, calculated on the weight of the catalyst
composition. For example, catalysts are envisaged containing
10-50 wt.% of clay component, 1-45 wt.% of hydrogenation metal .
component, and the. balance, that 'is 89- 50 wt.%, of binder/filler.
Suitable binder/filler matrix materials are, for example, alumina,
silica, titania, and zirconia, with alumina generally being especially
suitable. The amount. of matrix materials with catalytic cracking
activity will depend upon the activity desired. If these types of
catalytically active matrix materials are present, they are preferably
present in an amount of 10-80 wt.%, calculated on the weight of the
catalyst composition, more preferably in an amount of 20-50 wt.%. Of
course catalysts comprising two types of matrix material are also
envisaged in the present invention.

15

20

25

Optionally, the catalyst can further contain other components such as
phosphorus. It will be obvious to the skilled person that phosphorus
can be incorporated into the catalyst in a suitable manner by
contacting the catalyst during any one of its formative stages with an
appropriate quantity of a phosphorus-containing compound, e.g.,
phosphoric acid. For instance, the catalyst can be impregnated with an

30
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4 My
5 Co*
6 Co
7 Ni

8 Ni
Exanpl e 6:

12.3 20.5 - 24.0 34.2 20. 8 0.5

30WO0 96/074719. 8 17. 3 24. 6 29.9  pCIEPYS/03429

12. 3 . 21.2 21.6 32.2 17.2 7.8

39 32.0 20.4 28.6 13.9 5.1 30
12. 3 33.6 20.0 28.2 12. 4 5.8

Desul phuri sation of thiophene by catal ysts of the overal

formula My[err]Z[err]Si[err]err](OH)[err]jzwherein Z = Co or N, at

at nospheri c

pressure WO 96/ 07477

PCT/ EP95/ 03429 23

10
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impregnating solution comprising phosphorus in addition to any other |
components. If the catalyst -according to the invention contains -
phosphorus, this compound is preferably present in an amount of
0.5-10 wt.%, calculated as P05, based on the weight of the catalyst
composition. |

The catalyst according to . the invention generally has a specific
surface area in the range of 50 to 600 mé/g, preferably in the range
of 100 to 400 m2/g, and a pore volume in the range of 0.1 to 1.5 ml/g,
preferably in the range of 0.3 to 1.2 ml/g.

Preparation of the catalyst according to the invention

The catalyst according to the invention can be prepared in several
ways. |
For instance, it is possible to extrude the clay into particles,
~calcine the extrudates, and impregnate the calcined extrudates with an
impregnating solution containing salts of the hydrogenation metals to
be introduced, optionally in combination with other components such as
phosphoric acid and/or complexing agents known in the art.
Alternatively, the clay can be mixed with other support materials
which, as explained above, may have their own catalytic activity,
whereupon this mixture can be extruded and the resulting extrudates
calcined. The calcined extrudates can then be impregnated as described
above. It is also possible to add certain hydrogenation metal
components to the catalyst composition prior to extrusion, more.
particularly, it is proposéd to mix the clay and any other support
materials with molybdenum oxide, after which the resulting mixture is
extruded and calcined.

As was stated earlier, clays containing hydrogenation metals of their
own can also be used in the catalyst according to the invention. The
hydrogenation metals can be added, e.g., during the preparation of the

REPLACEMENT SHEET
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The experinmental conditions and the manner in which these catal ysts _ -
were activat ed¥OMOEting are described in Exanple 5. The tablrcimosiosszs '
lists the conversion and the selectivity to the various products of

the different catalysts after 6 hours' reaction at 400[err]C. 5

Tabl e 4: Conversion (% and selectivity (% to the various products of
My[err]Z[err]Si[err]Oerr](OH)[err], wherein Z = Co, in HDS reaction at

400[err] C Conv. 10 14 _

HOS Sel ectivity (% Co M} (% 1-butene cis-butene
trans- but ene but ane i sobut ane 0.2 5.8 20.8 . 25.8

30.0 42.c3ay, resultigg in th@ir incorporation(Qin®o Otls®. actahedral Jayer.
28. 2 39,84 : : 3 ;

23. 2 Sa¥fite it mgi Ge that fhe catalyst C‘fﬁtag." 3 0By’ %5?’.531 hydrogehds fon,
19.8 2gmetals intpgduged via thegclay, it is alsmflossiblecdydpeerparaty

and sel ectivity oth@rt QdiNE oHAT iHydPodtn@titit me®dls into the catalyst composition.
hoLerr 12l er 1] S hEHehre ) R AyaodenstVSH Getafs Zahite tRedMorfed®ht Toutter-
[err]C 5 *
ions between the clay platelets, to counterbalance the clay platelets’

negative charge. '
It will be evident to the skilled person that it is aiso possible to
combine the different aspects of the processes described above. Thus,
a portion of the hydrogenation metals can be introduced via
impregnation, while another portion is mixed with the clay before it
is formed into a support, or a portion of the hydrogenation metals is
incorporated into the catalyst composition by way of the clay
component, while another portion is added to the catalyst composition
15 by impregnation of the shaped support.

The catalyst particles may have many different shapes. The suitable

shapes include spheres, cylinders, rings, and symmetric or asymmetric

polylobes, for instance tri- and quadrulobes. The particles usually
20 have a diameter in the range of 0.5 to 10 mm, and their  length

likewise is in the range of 0.5 to 10 mm. '

(v/ - If the catalyst contains non-noble Group VIII metals and/or Group VI8 {
metals as hydrogenation metals, it is preferably sulphided prior to
use. This involves converting the metal components in the catalyst to

; 2 their sulphided form. The sulphiding can be done by means of processes
g known to the skilled person, e.g., by contacting the catalyst in the
: reactor at rising temperature with hydrogen and a sulphurous feed, or
5 with a mixture of hydrogen and hydrogen sulphide.

' 30 If the catalyst is a Group VIII noble metal, there is no need for

sulphiding as a rule, and a reducing step, e.g., with hydrogen, will
suffice. '
As stated before, if the clay component contains hydrogenation metals
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20 S Conv. | HDS

Sel ectivi'ty (%y096/07477 Ni M (% 1-butene ci s- butygHrpesioz4ze
t rans- but ene but ane isobutane 0.2 5.8 11.1 25.1

30.0 43. 4 1.5 0 1.0 5.0 16.4 24.9
30.3 43.0 1.8 0 3.0 3.0 48.3 24. 4
29.0 41.0 5.6 0 6.0 0 36.6 ' 24. 3
29.3 41.6 4.8 0 25 18 . Exampl e 7:

Hydr ocracki ng catal ysts based on synthetic acid saponite cl ay

A magnesi um saponite according to the invention was prepared as
30 fol l ows: Sathitapncdbalds opr epakeld btsheaeld'whu 1!52=.64frgaeﬁf fwoih eth@l aksy by

\(/\ég Z)repar ed by /?p%l %F r"] adgﬁaﬁ'%gﬁ h%\ré%?g}"r"] ) f"g ﬂ/vag%ré_s (gé?(tiirb)?{l‘?ds

2120 g of 2N NaCkbmageheausdy &hrough the cms dtidedydrogsndtiionomedaln wbldutbe
20 mnutes. The pHOGHpLER " GokbddndBusly over the catalyst composition after

5 sulphidation.

Use of the catalyst according to the invention

Depending on their composition, the catalysts according to the
U 10 invention can be qsed in virtual]y all hydroprocessing processes to
“treat a plurality of feeds under wide-ranging reaction conditions,
e.g., at temperatures in the range of 200° to 440°C, hydrogen
pressures in the range of 5 to 300 bar, and space velocities (LHSV) in
the range of 0.05 to 10 h-1.
15

. . For example, certain catalysts according to the invention are suitable

§ ~for use in the hydrocracking of heavy feedstocks to form middle

: distillates. For these hydrocracking processes, the.following values

_ for the relevant process parameters apply: '
20 temperature: in the range of 230° to 450°C;
hydrogen pressure: in the range of 100 to 250 bar;
_ space velocity: in the range of 0.2 to 3 hours‘l;'
N\ Ha/0il ratio: in the range of 300 to 2000 N1/1.

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

: of at least 70 wt.%. The term conversion in this context refers to the

f weight, in per cent, of obtained product with a boiling point below

| 391°C (where applicable, this weight is corrected by taking into

account the weight of the portion of the feedstock which already boils

5 below 391°C) vis-d-vis the weight of the feedstock deployed.

i ) 30 An example of a catalyst according to the invention which is suitable
' for use in hydrocracking to produce middle distillates is a catalyst
5& comprising 3-40 wt.% of hydrogenation metéls, preferably comprised of

3% a combination of Ni and Mo or W, 1-60 wt.% of clay component,

N |
A\ | REPLACEMENT SHEET

28 JUL oy




WO 96/ 07477 16

PCTLEP95/ 03429 = 2 4

viiscous mi xture was 11.8. After the addition of solution B the

reaction vessel was heated to 90[err]C in about 1 hour. After heating, the
viscosity of the m xture decreased considerably. Solution C was

prepared by m xing 1921 g of urea (Baker), 1084 ¢ err err
(Baker), prebnablﬂStiDS@ vt %355 wtS6| oft zevlite; Maﬁeral’;/g 'Eb'@ WLQ.r@mJ:the)n

m xture in 20 m nutes. The resulting pH was 7.08. After this
addi tion, thebalancealyping, o \re was adjusted to 90[err]C, and the vol une
was corrected for evaporation | osses. The m xture was kept at
90[err] C for 20 hours, after whi ch the pH was found to be 6.85 10

The product wsn exampleof afcatalyst acearding tocthe inventionwhich és suitate[fer thec
The pr Oduc}i proauctfornecjoff aneseF brg nvb'éy? Sof* %yﬁpgc%&lu?g acn:gmbngé's fg! b‘?&%j 9 -
hydrogenation metal component, a non-noble Group Vill hydrogenation metal
component, and two crystalline acid components, namely a clay component
with the required properties as to platelet size and stacking degree in
combination with a Y-zeolite with a unit cell size in the range of 2.400-2.480

10 nm. The clay component is for example a magnesium saponite.

The use of the catalysts according to the invention in mild hydrocracking
processes is also envisaged. For mild hydrocracking processes, the following
values hold for the relevant process parameters:
15  temperature: in the range of 350° to 450°C;
: hydrogen pressure: in the range of 25 to 100 bar, preferably in the range of 40
| to 80 bar; -
space velocity: in the range of 0,2.to 3 hours™;
H./oil ratio: in the range of 200 to 1000 NI/.
20 Generally, the conditions selected are such as will give a conversion of at
least 20 wt.%. The definition of conversion is the same as that given above.
\_/ An example of a catalyst according to the invention which is suitable for use in
mild hydrocracking to produce middie distillates is a catalyst comprising 3-40
wt.%, preferably 10-40 wt.%, -of hydrogenation metal components, which
25 preferably are a combination of Ni and Mo or W, 5-76 wt.% of a clay
component, preferably 15-50 wt.%, and 0-95 wt.%, preferably 5-50 wt.%, of

alumina binder.

. The catalysts according to the present invention are also very suitable for use
| 30 inthe
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after.nwhich it was reslurried and i medi atalzy filtered off twice with

5 1 &f ‘hot water. The filter cake (1080.g) Was dri ed overnight at 15
120[err] C, after which 557 g of synthetic saponite were collected. The LO
was 15.3 % the Al[err]O[err] content 8.6 w%dry base (db), the Sierr]
56.1 Wt % db, the MgO 30.7 wt % db, and the NaJerr]O 1.9 wt % db. The
pore vol une measured by nitrogen desorption was 0.546 nl/g, the nean

pore di ameter difunctioifst @&?Bﬁhﬁﬁtiéﬁ%ﬁﬁcﬁﬁ} ﬁéﬁamﬁé.gmhege long chaif®

different catalysts materials were prepare mat eri al .
Catal yst A  2paraffissm@iso knownas ywaxesrare myleculdsrthak have aofegativedeffact lomi t e

a1 (L0 i ol A A 4 B D Yot
synthetic sapogy tc\‘iyla%tallise at S@ggg@btgﬁgvﬁig{“ﬂémﬁé%drés?_é&?eﬁéléﬁhg' thheS@iESel

addi ti onal water W ~and the resulting mxture was kneaded for
40 m nut es.5 Thunguitable 3ior fuelvapplicationsx duting owintertioen In. Kthemoils) waxescwill

extrudates, v Glo Hifoct g visHbf Henob 2Rle3t héiedias thill be gy cauent | ¥
1 Two ways to achieve this are known in the literature, namely cracking the
molecules to lower boiling molecules and isomerisation of the molecules to
isoparaffins. A (hydro)cracking dewaxing catalyst will by nature convert some
_ 10 of the feedstock, namely the n-paraffins, to products outside the desired
] boiling range, thus limiting the attainable yields of middie distillate. A
hydroisomerisation process, on the other hand, will convert the long-chain n-
paraffins to isoparaffins, which have boiling points in the desired range but
melting/crystallisation points (i.e., cloud points) much lower than those of the
15 n-paraffins.
It has been found that the hydroisomerisation of wax-containing feedstocks
can be performed with a clay-containing catalyst. The catalyst to be used in
this process contains a hydrogenation component consisting of one or more of
Group VIB metal components and Group Vill metal components, more
20 particularly, the Group VIl noble metals. Most preferably, the hydrogenation
component is platinum, palladium, or a combination of the two. The presence
Y of the clay component in ihe catalyst to be used in this process is
advantageous for the hydroisomerisation' of wax-containing feedstocks,
because it has a combination of desirable properties. The low acidity of the
25 clay precludes hydrocracking of the product isoparaffins. The properties of the
clay are such that a good dispersion of the hydrogenation component is
ensured. The effects of mass diffusion limitation are eliminated by controlling
the properties of the support. It is preferred in this specific application to
prevent hydrocracking through binder-support interactions by using a binder
30 material which does not give rise to such interactions, e.g., silica or titania.
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oné Eeur The water PV of the extrudates a8 1.0 m/gram The PV as

rreas ed by mercury intrusion was 0.88 m/§ram with an MPD of 18.3
WO 96/ 07477
PCT/ EP95/ 03429 , 25

190. 31 g of support A (LA 7 % PV H20 1.0 m/g) were inpregnated with
an irrpreghation solution of Co(NO[err])[err] and (NH err])MJferr]O[err] in

water with a pklternatlvely, Gf nvay Eb%réﬁi'éﬂlé’ $6 §h@§e C’lhé %‘inﬁktlé?dé[deééﬁéﬁltéoéupboﬁ
hours and subseglbqent heat ed

420[ err] C and WBhQut é‘{‘yph‘gﬁr WB““‘*‘P@@)B?@PW?@N PgFerqu‘?éalYﬁiLﬁré-'sﬁd" 5|f'1"“3t"l’ﬂ'r'§l

meg/aICo(C:) ont ent shydrois&fefidalidh of long chdiftipataffiis 464 @athiysb c¥hphdiibes b i o 2
’ platinum, palladium, or a mixture thereof, 1-99.9 wt.%, preferably 10-50 wt.%, of clay
5 component, and 0-98.9 wt.%, preferably 50-90 wt.%, of silica, titania, or a mixture

thereof.
The present invention is illustrated by the following Examples.

10 Example 1: Preparation of Mg-, Zn-, Co-, and Ni-clays having a Si/Al ratio of 39 and
12.3 '

To prepare a Si/Al gel having a Si/Al ratio of 12.3, 100 mi of demineralised water
were added to 43.6 g of water glass (about 27 wt.% silica) in a 250 ml beaker. To this
15  was added, after vigorous stirring, a solution of 5.95 g of Al(NO;); 9 H,0 in 80 ml of 2
M caustic soda. To obtain a Si/Al gel having a Si/Al ratio of 39, 2.30 g of Al(NO,); 9
H,O in 88.5 ml of 65% nitric acid were added to a solution of 43.6 g of water glass
(about 27 wt.% silica) in 100 ml of demineralised water. The prepared gels were
cured for one hour at room temperature.
20
Next, the gel having the desired Si/Al ratio was transferred to a precipitation vessel
as specified by Van Dillen et al. (A.J. van Dillen, J.W. Geus, L. A.M. Hermans, J. van
der Meyden, Proc. 6" Int. Conf. on Cat. 11, 5 (1977)) and suspended in 1.8 | of
N\, demineralised water. The suspension was heated to 90°C, whereupon 36 g of urea
_ 25 and the desired amount of Mg-, Zn-, Co- or Ni-nitrate were added. This was 0.16
. mole and 0.185 mole, respectively, for the gels having a Si/Al ratio of 12.3 and 39.
After 20 hours of stirring at 90°C the suspension was filtered, followed by the residue
being washed with 500 m! of demineralised water and filtered three times. The
resulting clay
30
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The pore size distribution of the final catalyst was as follows:

Hg aut opore "'WO 96/07477 MPD= 20.0 nm PV > 2 sn(f.)m 37
m /g > 5.0nm= 0.547 /g PH])%B; b
0.373 m/g 15 > 20 nm= 0.253 n/g Catal yst B .

Support B was prepared by m xing 191 g of pseudoboehn1te alumna (LO 20

249% was m xed with sufficient dilute HNO[err] to peptise part of the
alum na and m xed for 15 minutes, after which 140 g of the synthetic
saponite prepared above and 37.1 g of M{J er (dimax) were added to the
m xture. Sone additional water was added, and the resulting m xture

was kneaded for 40 Juayt g5 12098 PRSUE Mihs! D SXLIHECH L& Ak Mdok FBF 16

hours.
Example 2: Preparat1on of 7.5 wt.% MoO3/clay catalyst via impregnation

To 10 g of ground up clay (sieve fraction 150-425 pm) prepared as
described in Example 1 there was added, in vacuo (water jet air pump)
in a 100 ml round-bottomed flask, a solution of 0.99 g of
(NHq)Mo7024 6 Hp0 in demineralised water. The amount of water used was
o 10 equal to the. pore volume of the clay as determined by nitrogen
adsorption. After adsorption of the solution into the evacuated clay
for 5 minutes the catalyst was dried in a flow of air (5 1/min) for 3
hours with the round-bottomed flask being rotated. Next, there was 16
hours of drying at 120°C and 16 hours of calcining in air at 450°C.
15
Exampie 3: Preparation of 7.5 wt.% Mo0O3/clay catalyst via homogeneous
deposition precipitation ' '

An aqueous Mo(III) solution was prepared by electrochemical route.

20 Platinum electrodes were employed as cathode and anode (9 cmz). The

anode space was a porous porselain pot (200 ml) filled with 8 M

) hydrochloric acid. This pot was placed in a 1000 m1 beaker filled with

(AN a solution of 17.2g of (NHa)MO7024 6 H20 in 650 ml of 8 M

hydrochloric acid. Stirring was by means of a magnetic agitator. For 8

hours current was passed through (3.8 V, anodic current density 0.003
A/cmz), until a clear, light red Mo(III) solution was obtained.

25

The clay as described in Example 1 after being washed and filtered was
introduced into the precipitation vessel from Example 1 and suspended
in 1.8 1 of demineralised water. Unlike in earlier examples, the Mg-
clay Si/Al = 39 and Zn-clay Si/Al = 12.3 from Example 1 were dried and
calcined before being suspended in water. Nitrogen gas was passed
through the suspension via a gas inlet pipe. In about 4 hours' time 80
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25 cylindrgﬁfl extrudates, which were dried at 120C overnight, and
subsequently ca WHEH in air at 450C for one hour. The water PHCDEPOSID3439: + -
the extrudates was 0.8 nm/gram The PV as neasured by nercury '
intrusion was 0.67 m/gram wth an MPD of 13.8 nm 30 216.8 g of
support B (LO 7.9% PV H20 0.8 m/g) were inpregnated with a
solution of Co(NO[err])[err] in water. The catal yst was dried at 120[err]C
for 1.5 hours and subsequently calcine®in air at 420[err]C for 1
hour. The nmetal contents of the final catalyst were 11.5 wt % Mo(J err]

ggﬁi_/ Ep§57\%?429 m BF the Mo(.III)V\ls)o?uqc/igZMfZ'om Example 3 was pygped into the
suspension with a fluid pump. At the same time, the pH was kept

constant at 6.5 by injection of 5% ammonia. Next, the suspension was

filtered and washed, after which the residue was dried at 120°C for 16

5 hours. Calcination took place in air at 450°C over a period of 16

hours,

Example 4: Synthesis of clays of the overall formula
Mgg.xZxSig020(0Hg), wherein Z = Co or Ni
\_,/ 10 : o 14 .
- To a solution of 93.8 g of water glass (about 27 wt.% silica) in 200
ml of demineralised water was added ‘a solution of 16 ml of 65% nitric
acid in 160 ml of demineralised water. The gel formed after stirring
was cured for one hour at room temperature and then transferred to a.
precipitation vessel such as described in Example 1. The gel was
diluted with 2 1 of demineralised water and heated to 90°C. For the
synthesis of Mg3C035ig020(0Hs) were added 40.5 g of Mg(NO3)3 6 Hp0 and
98.0 g of Co(NG3)3 6 H20. The ratio of Co and Ni to Mg for the various
syntheses ranged from 100% Co or Ni to 100% Mg. After the addition of
72.0 g of urea there was stirring at 90°C for 20 hours. The suspension
was alternately filtered and washed with 700 m1 of demineralised water |
- three times in succession. The product was dried at 120°C for 16 hours
and calcined in air at 450°C for 16 hours.

15

20

Example 5: Desulphurisation of thiophene by Mo/clay catalysts at
atmospheric pressure :

25

To test the activity of the catalysts of Examples 1, 2, 3, and 4 in
thiophene (C4H4S) hydrodesulphurisation, use was made of an automated
microflow set-up. To this end 1.0 ml of the catalyst was loaded on a
quartz lattice in a quartz lab reactor (inner diameter 8 mm). On top
of the catalyst bed was placed 1 ml of quarfz beads (1.5 mm in
diameter), after which the reactor was placed in an oven. The

30
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The pofe size distribution of the final catalyst was as foll ows:

Hg autopore ‘WO96/07477 MPD= 13.7 nm 5 PV > 2 pbifipssisebol 5
m/g > 5.0nm= 0.400 n/g _ > 10 nm =
0.234 mM/g > 20 nm=0.128 nl/g 10 Exanple 8. (MId)
hydr ocracki ng activity of the catalysts according to the invention
prepared in Exanple 7 The catal ysts prepared in Exanple 7 were
tested i n hydrocracking. For this purpgge, 100 m of each catalyst,
diluted with carborundum were 15 | oaded In a tubular reactor fitted
with a thernowell. The catal ysts were pretreated in a DVDS-spi ked
LGO at 30 bar. Tfperature was measured with a thermocouple stuck into the catalyst
bed.

In order to activate the catalyst it was sulphided with a gas stream
comprising 100 ml/min Hz/HpS/Ar (10/40/50). To this end the gas
mixture was passed over the catalyst for 30 minutes  at room
temperature, after which the catalyst was heated to 400°C (5°C/min).
After 30 minutes at 400°C the gas flow was changed to 51.2 ml/min of
thiophene/Hp/Ar (2.4/87.9/9.7). Measuring was carried out under
", 10 atmospheric pressure. The reaction products 1-butene, cis-butene,
trans-butene, isobutane, butane, HpS, and unconverted thiophene were
analysed with the aid of a gas chromatégrapher with a Chrompack
CP-si1-5 CB column integrated in the flow system (0.53 mm, df = 2.0
um, 100 m, 30°C, carrier gas He). The table below lists the conversion
after 6 hours of reaction at 400°C for the various (Mo) clays. The

15
conversion is defined as the percentage calculated by dividing the
number of moles of reaction products by the overall number of moles of
~ reaction products and the unconverted thiophene. The selectivity to a
certain product is defined as the -percentage calculated from the
20 number of moles of said product divided by the total number of moles
of product obtained. It is clearly shown that without Mo the Co- and
Ni-clays are also active in the hydrodesulphurisation of thiophene.
%
Table 1: Conversion (%) after 6 hours of hydrodesdlphurisation at
25 400°C
HDS Conversion (%) .(400°C)
Clay Ion Si/Al ratio blank Mo impr. Mo dep. precipit.
1l In -39 0.2 0.4 4.0
2 In 12.3 0.1 0.3 0.6
3 Mg 39 0.2 20.2 2.7
30 4 Mg 12.3 0.06 20.7 13.4
5 Co 39 90.8 86.2 61.3
6 Co 12.3 42 19.7 21.4
7 Ni 39 70.1 82.6 81.7
8 Ni 12.3 77.0 82.3 67.3
\ | . . .
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catal ysts were_heated under hydrogen to 120[err]C, after which the DVDS

spi ked LGO (2. YOMHHHDS, 3 wt % total sul phur) was introduced. PUTEM&03429 *
catal yst was kept at 120[err]C for an additional period of 3 hours while

t he spi ked feed was passed at an LHSV of 4. An H2 fl ow was then

started to reach an Herr]/Q1l ratio of 200 NN/l and an LHSV of 1.5. The
tenperature was increased in tw steps to 320[err]C, at which tenperature

the catal yst was kept for 3 hours. 25 2Zhe feed for the activity test
was a Kuwait VGO with the foll ow ng properties: 30 WO
96/ 07477

PCT/ EP95/ 03429 Tables 2 and 3 1list the selectivity to the various products of the
"blank" clays without Mo and the Mo-impregnated clays. The catalysts
where the Mo is provided on the clay via homogeneous deposition

_ precipitation have the same selectivity pattern as the impregnated
5 clays. The formation of isobutane from unbranched C4 hydrocarbons
indicates the presence of acid sites on the catalyst.

Table 2: Selectivity (%) to the various products of the clays on which
no Mo is provided in HDS reaction at 400°C

“w 1o
HDS Selectivity (%)
Ciay Ion  Si/Al 1l-butene cis-butene trans-butene butane isobutane
15
5 o 39 20.1 17.1 24.2 29.7 8.9
6 Co 12.3 20.6 20.8 30.0 20.0 8.
7 Ni 39 37.4 21.3 29.9 7.5 3.9
8 Ni 12.3 37.6 20.7 29.4 7.1 5.2
20 Table 3: Selectivity (%) to the VSrious products of 7.5 wt.% MoO3/clay
(impregnated) in HDS reaction at 400°C
v.
HDS Selectivity (%)
25 Clay Ion Si/Al 1-butene cis-butene trans-butene butane isobutane
3 Mg 39 22.8 24.7 ' 34.8 16.6 1.1
4 Mg 12.3 20.5 24.0 34.2 20.8 0.5
5 Co 39 19.8 17.3 24.6 29.9 8.4
6 Co 12.3 21.2 21.6 32.2 17.2 7.8
7 Ni 39 32.0 20.4 28.6 13.9 5.1
30 8 Ni 12.3 33.6 20.0 28.2 12.4 5.8

Example 6: Desulphurisation of thiophene by catalysts of the overall
formula Mgg.xZxSig029(0H)4, wherein Z = Co or Ni, at atmospheric
pressure .
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27
5%

[err] C

50%

[err] C

95%

[err]C 10

Ni t rogen
2.98 Wt %

NVR

‘ASTM D-1160 | BP 370 [err]C
* WoIss/frarn | C 10%
30% 421 [err]C. 5 PCTRERIsN3429
451 [err]C 70% 486
90% 527 [err]C
540 [err]C FBP 562
Density (50 [err] O 0.9018 g/ m
881 ppm Sul phur
Refr. | ndex 1. 5061 W%H from

10

15

20

25

30

The exﬂé?iﬁ@hta] conditions and the manmner in which these catalysts
were activated for testing are described in Example 5. The table below
lists the conversion and the selectivity to the various products of
the different catalysts after 6 hours' reaction at 400°C.

Table 4: Conversion (%) and seléctivity (%) to the various products of
Mgg-xZxSig02g(0H) 4, wherein Z = Co, in HDS reaction at 400°C

Conv.
HOS Selectivity (%)
Co Mg (%) 1-butene cis-butene trans-butene butane isobutane
0.2 5.8 20.8 25.8 30.0 42.3 1.9 0
1.0 5.0 59.4 23.0 28.2 39.9 8.9 0
3.0 3.0 88.6 19.4 23.2 33.0 23.9 0.5
6.0 0 97.4 17.5 19.8 28.0 32.8 1.9

Table 5: Conversion (%) and selectivity (%) to the various products of
Mag-xZxSigl20(0H) 4, wherein Z = Ni, in HDS reaction at 400°C

Conv.
HDS Selectivity (%)
Ni Mg (%) 1-butene cis-butene trans-butene butane isobutane-
0.2 5.8 11.1 25.1 -30.0 43.4 1.5 0
1.0 5.0 16.4 24.9 30.3 43.0 1.8 0
3.0 3.0 48.3 24.4 29.0 41.0 5.6 0
6.0 0 36.6 24.3 29.3 41.6 4.8 0

Example 7: Hydrocracking catalysts based on synthetic acid saponite .
clay

A magnesium saponite according to the dinvention was prepared as
follows: Solution A was prepared by adding 1064 g of water glass (27.7
% Si0p, 8.5 % Nap0) to 2680 g of water. Solution B was prepared by
adding 317 g of AT(N0O3)3.9H20 (Baker) to 2120 g of 2N NaOH. Solution B
was added to solution A in about 20 minutes. The pH of the resulting
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Aromati cs
23.6 Wt %
78 C 25

10

15

20

25

30

20

Mono 14.1 W % Di
WO 9607477 1 j . 4.0 W % AmCiriEpesqpatnt . »
The catal ysts were tested under two conditions. .30
24

viscous mixture was 11.8. After the addition of solution B the
reaction vessel was heated to 90°C in about 1 hour. After heating, the
viscosity of the mixture decreased considerably. Solution C was
prepared by mixing 1921 g of urea (Baker), 1084 g of Mg(NO3)2 (Baker),
and 2500 g of water. Solution C was added to the reaction mixture in
20 minutes. The resulting pH was 7.08. After this addition, the .
temperature was adjusted to 90°C, and the volume was corrected for
evaporation losses. The mixture was kept at 90°C for 20 hours, after
which the pH was found to be 6.85.

The product was filtered off and reslurried in 4 1 of water of 80°C.
The product was stirred for 45 minutes at 80°C and then filtered off,
after which it was reslurried and immediately filtered off twice with
51 of hot water. The filter cake (1080 g) was dried overnight at
120°C, after which 557 g of synthetic saponite were collected. The LOI
was 15.3 %, the Al203 content 8.6 wt% dry base (db), the Si0p 56.1 wt%
db, the Mg0 30.7 wt% db, and the Nap0 1.9 wt% db. The pore volume
measured by nitrogen desorption was 0.546 ml/g, the mean pore diameter
was 6.2 nm, and the SABET was 552 m2/g.

Two different catalysts materials were prepared with this material.

Catalyst A _ .

Support A was prepared by mixing 218 g of pseudoboehmite alumina (LOI
24%) with sufficient dilute HNO3 to peptise part of the alumina and
mixed for 15 minutes, after which 159 g of the synthetic saponite
prepared above were added to the mixture. Some additional water was
added, and the resulting mixture was kneaded for 40 minutes. The paste
was then extruded to form 1.5 mm cylindrical extrudates, which were
dried at 120°C overnight and subsequently caicined in air at 450°C for
one hour. The water PV of the extrudates was 1.0 ml/gram. The PV as
measured by mercury intrusion was 0.88 ml/gram, with an MPD of 18.3
nm.




WO 96/ 07477

PCT/ EP95] 034 2%W0 96/07477 . PET/EP9I5/03429
Condition 1 Condition 2 Tenperature ([err] Q)

395 395 LHSV (h-1) 2.00

0.50 Herr]/Q1l (N/I) 320 320 5
Pressure (bar) 50 _ 50 Days

2 3 - The perfernmance of the two catal ysts
under the conditions described above 1's reported below. The figures
gi ven are averaged out over several sanples taken during the

respective condifgons.g of support A (LOI 7 %, PV Hp0 1.0 ml/g) were impregnated with

15

20

25

30

an impregnation solution of Co(N0O3)2 and (NHq)Mo207 in water with a pH
of 3. The catalyst was dried at 120°C for 1.5 hours and subsequently
calcined. The sample was slowly heated to 420°C and kept at that
temperature for three hours in air. The metal contents of the final
catalyst were 11.5 wt% MoO3 and 3.2 wt% Co0.

The pore size distribution of the final catalyst was as follows:

Hg autopore :

MPD= 20.0 nm
PV > 2.1nm = 0.737 ml/g
> 5.0nm = 0.547 ml/g
> 10 nm = 0.373 ml/g
> 20 nm = 0.253 ml/g
Catalyst 8

Support B was prepared by mixing 191 g of pseudoboehmite alumina (LOI
24%) was mixed with sufficient dilute HNO3 to peptise part of the
alumina and mixed for 15 minutes, after which 140 g of the synthetic
saponite prepared above and 37.1 g of MoO3 (Climax) were added to the
mixture. Some additional water was added, and the resulting mixture
was kneaded for 40 minutes. The paste was then extruded to form 1.5 mm
cylindrical extrudates, which were dried at 120°C overnight, and

- subsequently calcined in air at 450°C for one hour. The water PV of

the extrudates was 0.8 ml/gram. The PV as measured by mercury

“intrusion was 0.67 ml/gram, with an MPD of 13.8.nm.

216.8 g of support B (LOI 7.9%, PV Ho0 0.8 ml/g) were impregnated with
a solution of Co(NO3)2 in water. The catalyst was dried at 120°C for
1.5 hours and subsequently calcined in air at 420°C for 1 hour. The
metal contents of the final catalyst were 11.5 wt% MoO3 and 3.2 wt%
Co0.
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10,7 (}ateﬂcy . MHC HDN ' .
o nv. K MIC ppmN ppmN K HDN W .%EcTmbesisdie K « -

HDS 15

HDS 391- feed pr oduct feed pr oduct
Cl 18.9% 0.418 881 480 . 1.20 2.98 0. 190 7.55

C2 39.2% 0.248 881 177 0. 80 2.98 0. 038 6.11 20
Cat al yst B VHC HDN , HDS 25
Conv. K MHC ppm N ppm N KHON wW.%% Ww.%S K HDS -

391- feed pr oduct feed pr oduct

The pore size distribution of the final catalyst was as follows:

Hg autopore :
MPD= 13.7 nm
PV > 2.1nm
> 5.0nm
> 10 nm
> 20 nm

0.615 ml/g
0.400 mi/g
0.234 ml/g
0.128 mi/g

Example 8: (Mild) hydrocracking activity of the catalysts according to
the invention prepared in Example 7

The catalysts prepared in Example 7 were tested in hydrocracking. For
this purpose, 100 ml of each catalyst, diluted with carborundum, were
15 Toaded in a tubular reactor fitted with a thermowell.
The -catalysts were pretreated in a DMDS-spiked LGO at 30 bar. The
catalysts were heated under hydrogen to 120°C, after which the DMDS
spiked LGO (2.2 wt% DMDS, 3 wt% total sulphur) was introduced. The
20 catalyst was kept at 120°C for an additional period of 3 hours while
the spiked feed was passed at an LHSV of 4. An Hp flow was then
started to reach an Hp/0i1 ratio of 200 N1/1 and an LHSV of 1.5. The
temperature was increased in two steps to 320°C, at which temperature

U
the catalyst was kept for 3 hours.
25
The feed for the act1v1ty test was a Kuwait VGO with the follow1ng
properties:
30
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C1 19.2% 0.426 881 - 454 1.33 2.98
c2 39.-6%w@oglrarr 881 152 0. 88 2.98
29 Conversion is defined as: Conv.
391+(product) 5 391 +(feed)
27
ASTM D-1160 1BP 370 °C
5% 348 °C
10% 391 °C
30% 421 °C.
5 50% 451 °C
70% 486 °C
90% 527 °C
95% 540 °C
FBP 562 °C
' 10
Density (50 °C) 0.9018 g/ml
Nitrogen 881 ppm
Sulphur ' 2.98 wt%
15 Refr. Index 1.5061
Wt% H from NMR 13.26
Aromatics
20 Mono , 14.1 wt%
01 23.6 wt%
o Tri+ 4.0 wt%
i'_"‘ l&/
Aniline point. 78 °C
25 )
The catalysts were tested under two conditions.
* 30

8.51
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in which 391 +(product) is the fraction of the product boiling above ‘_ ;
391[err] C, anWO9M0747391+(feed) is the fraction of the feed boiRdIVEPosiGagEs -« + »
reaction rate constant for the mld -

391[err]C. K MHC is the

hydr ocr acki ng reaction,

K HDN is the 10

reaction rate constant for the HDN

reaction, and K HDS is the reaction rate constant for the HDS
reaction. These three reactions obviously occur si mul t aneousl y.
WO 96/ 07477 28.
PCT/EP95/03429 30
Condition 1 Condition 2
Temperature (°C) 395 395
LHSV (h-1) 2.00 0.50
H2/011 (N1/1) 320 : ' 320
5 Pressure (bar) 50 50
Days 2 3
-The performance of the two catalysts under the conditions described
above is reported below. The figures given are averaged out over
! several samples taken during the respective conditions.
| \ 10
Catalyst A
MHC OHON HDS |
15 Conv. KMHC ppm N ppm N KHDN wt.%S wt.%5S K HDS
391- - feed . product feed product
C1 18.9% 0.418 881 480 1.20 2.98 0.190 7.55
C2 39.2% 0.248 881 177 0.80 2.98 0.038 6.11
20
Catalyst B
\" MHC HON -~ HpS -
: 25 Conv. KMHC ppm N ppm N KHDN wt.%S wt.%S KHDS
391- feed product feed product
C1 19.2% 0.426 881 454 1.33 2.98 0.163 8.51
c2 39.6% 0.252 881 152 0.88 . 2.98 0.030 7.22
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CLAIg&- 1. A catalyst at |east conppgsing a hydrogenati on netal
ent and

conpdné a swelling synthett™e clay conposed of el enental
clay platelets, - with the average dianeter of the clay platelets
not exceeding 1 m cron and the average degree of stacking of the
clay platelets not exceedi ng 20 sheets per stack. 2. A

catal yst according to claim1l wherein at least 1 atomc % of the
nmetal ions in the clay platelets is replaced by netal ions of a 15
| ower val ency than is required for neutral clay platelets. 3. A

cat al yst accorQongersiopncisalefinéd@s: 2 wherein the average di aneter
of the clay platelets does not exceed 0,5 mcron and the average
degree of stacking of the clay platelets does not exceed 10 20

pl atel ets per é&ﬁ,gk391__391+ ed} -SRI RIdefCcor ding to any one of the
precedi ng cl ai 6 wher e _(f—ej—ﬁré&ca'gﬁyst conprises a conponent of a

G oup VIB et al and/or a 391+@feagonent of a Goup VIII netal.

in which 391+(product) is the fraction of the product boiling above 391°C, and
391+(feed) is the fraction of the feed boiling above 391°C. K MHC is the
reaction rate constant for the mild hydrocracking reaction, K HDN is the
| 10 reaction rate constant for the HDN reaction, and K HDS is the reaction rate
N - constant for the HDS reaction. These three reactions obviously occur
simultaneously.
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25 5. catalyst according to claim4 wherein at | east one 6f_thé
hydr ogenat i onWR¥4767% s present in the octahedral |ayer of thecT/EPSSm3420¢ * * *

clay mneral. 30 6. A catalyst according to any one-of the preceding
cl ai ms whi ch conprises at least 5 w.%of a matrix materi al .
7. A cat al yst accoralng to claim6 wherein the matrix material is

sel ected un1na silica, silica-alumna, titania,

zirconia, Hl INHl W‘Q 8. A3gat al yst according to any one
of the prece Qg IC alns additionally conprises a matrix
material with catal ytic act|V|ty sel ected fromsilica-alum na

and a nol ecul ar sieve conponent.

.5 CLAIMS

1. A catalyst at least comprising a hydrogehation metal component and

a swelling synthetic clay composed of elemental clay platelets,

with the average diameter of the clay platelets not exceeding 1

L,/ 10 micron and the average degree of stacking of the clay platelets
; not exceeding 20 sheets per stack.

2. A catalyst according to claim 1 wherein at least 1 atomic % of the
metal ions in the clay platelets is replaced by metal ions of a
Tower valency than is required for neutral clay platelets.

? 3. A catalyst according to claim 1 or 2 wherein the average diameter
5 of the clay platelets does not exceed 0,5 micron and the average
degree of stacking of the clay platelets does not exceed 10

20 platelets per stack.

4, A catalyst according to any one of the preceding claims whereiﬁ
the catalyst comprises a component of a Group VIB metal and/or a
component of a Group VIII metal.

25 . , .
5. A catalyst according to claim 4 wherein at least one of the

hydrogenation metals is present in the octahedral 1aygr of the
clay mineral. '

6. A catalyst according to any one of the preceding claims which

30
comprises at least 5 wt.% of a matrix material.
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process for the hydroprocessing of drocar bon feeds mhereln t he

fee sed is contacted at el evated tenperature 10

artd press "ﬂl HM ' "ﬂﬂ!ﬁg@ t according to any one of the preceding

cl ai ns. ess according to claim9 wherein the process is a
hydrocracklng process. 15

7. A catalyst according to claim 6 wherein the matrix material is selected
from alumina, silica, silica-alumina, titania, zirconia, or mixtures thereof.

8. A catalyst according to any one of the preceding claims which
5 additionally comprises a matrix material with catalytic activity selected
from silica-alumina and a molecular sieve component.

9. A process for the hydroprocessing of hydrocarbon feeds wherein the
feedstock to be hydroprocessed is contacted at elevated temperature
10 and pressure with a catalyst according to any one of the preceding
U claims. '

10. A process according to claim 9 wherein the process is a hydrocracking
process.
16
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