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Lo que se reivindica es:

1. Un catalizador que contiene:

un material de soporte suavizado con metal del grupo IA 6 lIA,
que contiene paladio, donde dicho material de soporte es

suavizado con metal por medio de:

(i)  impregnar dicho material de soporte con una solucion
de bicarbonato de metal del grupo 1A 6 HIA;

(i) secar dicho material de soporte impregnado de
bicarbonato hasta peso constante; y

(i) calcinar dicho material de soporte tratado con
bicarbonato para formar un material de soporte suavizado
con metal del grupo 1A 6 HIA.

2. El catalizador de acuerdo con la Reivindicaciéon 1, donde dicho
material de soporte suavizado con metal del grupo IA 6 llA es tratado
con paladio por medio de:

() ademas impregnar dicho material de soporte
suavizado con metal del grupo 1A 6 1A con unba solucién
de sal de paladio;

(i) ademas secar dicho material de soporte impregnado

con sal de paladio hasta peso constante; y

x5



(i) ademas calcinar dicho material de soporte tratado

con paladio.

3. El catalizador de acuerdo con la Reivindicacién 1, donde dicho
bicarbonato de metal del grupo IA 6 lIA, incluye bicarbonato de sodio,

bicarbonato de potasio o bicarbonato de cesio.

4.  El catalizador de acuerdo con la Reivindicacién 1, donde dicho
bicarbonato de metal del grupo IA 6 lIA, incluye bicarbonato de sodio.

5. El catalizador de acuerdo con la Reivindicacion 1, donde dicha
solucion de sal de paladio incluye Pd(acac)s, PdCl,, Pd(NQ;), 6
Na,[PdCll.

6. El catalizador de acuerdo con la Reivindicacion 1, donde dicha
solucién de sal de paladio incluye Pd(acac)s.

7. El catalizador de acuerdo con la Reivindicaciéon 1, donde dicho

catalizador esta libre de halégeno.

8.  El catalizador de acuerdo con la Reivindicacion 1, donde dicho
metal del grupo IA 6 llA esta presente en una cantidad mayor que 1%

en peso.
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9.  El catalizador de acuerdo con la Reivindicacién 1, donde dicho
metal del grupo IA 6 lIA esta presente en una cantidad mayor que

1.5% en peso.

10. El catalizador de acuerdo con la Reivindicacidn 1, donde dicho
metal del grupo 1A 6 lIA esta presente en una cantidad mayor que 2%

en peso.

11. El catalizador de acuerdo con la Reivindicacién 1, donde el

paladio esta presente en una cantidad entre 0.5 y 2% en peso.

12. El catalizador de acuerdo con la Reivindicacién 1, donde dicho

catalizador tiene un tamafio medio de particula de mayor que 50 A.

13. El catalizador de acuerdo con la Reivindicacién 1, donde dicho

catalizador tiene un tamafio medio de particula de mayor que 60 A.

14. El catalizador de acuerdo con la Reivindicacién 1, donde dicho
catalizador tiene un area superficial de metal de paladio de menos que

1.0 m?/gr.

15. El catalizador de acuerdo con la Reivindicaciéon 1, donde dicho
catalizador tiene un area superficial de metal de paladio de entre 0.5 y

1.0 m’/generalmente.

16. El catalizador de acuerdo con la Reivindicacion 1, donde dicho

paladio esta presente como un metal.
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) 17.  Un catalizador de hidrogenacion preparado por medio de:

(a) suavizar con metal del grupo IA & lIA un material de

soporte inerte mediante:

i) impregnar dicho material de soporte con una solucion

de bicarbonato de metal del grupo 1A 6 lIA,;
i)  secar dicho material de soporte tratado con metal

iif)  calcinar dicho material de soporte tratado con metal

|

|
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|

|

|

|
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{ hasta peso constante; y

; . .
para formar un material de soporte suavizado con metal del

l

grupo IAG lIA; y

| b) tratar dicho material de soporte suavizado con metal con una

solucion de sal de paladio por medio de:

solucién de sal de paladio;

J

|

: .

| i) ademas impregnar dicho material de soporte con una
|

|

r i) ademdas secar dicho material de soporte impregnado
|

con sal de paladio hasta peso constante; y
i) ademas calcinar dicho material de soporte tratado

con paladio.

18. Un procedimiento para preparar un catalizador de hidrogenacion

. - Wesoons e Sation s

que comprende:
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a) impregnar un material de soporte con una solucion de
bicarbonato de metal del grupo 1A 6 lIA;

b) secar dicho material de soporte impregnado con sodio
hasta peso constante; y

c¢) calcinar dicho material de soporte tratado con sodio para
formar un material de soporte suavizado con metal del grupo
A 6 HA;

d) ademas impregnar dicho material de soporte suavizado
con metal, con una solucidén de sal de paladio;

e) ademas secar dicho material de soporte impregnado con
sal de paladio hasta peso constante; y

fy ademas calcinar dicho material de soporte tratado con

paladio.

19. El procedimiento de la Reivindicacién 18, donde dicho material
de soporte suavizado con metal es impregnado con dicha solucién de

sal de paladio hasta que se logre la saturacion.

20. El! procedimiento de la Reivindicacion 18, que ademas
comprende el lavado con agua de dicho material de soporte tratado

con paladio.

21. El procedimiento de la Reivindicacion 20, donde dicho lavado se
continua hasta que el agua de lavado esté substanciaimente libre

iones del bicarbonato de sodio y aniones de la sal de paladio.
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22. El procedimiento de la Reivindicaciéon 18, que ademas
comprende reducir dicho paladio presente en dicho material de

soporte tratado con paladio a paladio metalico.

23. El procedimiento de la Reivindicacion 22, donde dicha reduccion
es llevada a cabo con hidrato de hidrazina, hidrégeno, formaldehido o

borohidruro de sodio.

24. El procedimiento de la Reivindicacion 18, donde dicho material
de soporte es seleccionado de dxidos de aluminio, diéxidos de silicio,
mezclas de didxido de silicio/dxido de aluminio, silices amorfas,
kieselguhrs, mezclas de ellos que opcionalmente contienen ademas
didxidos de silicio, éxidos de titanio, 6xidos de circonio, 6xidos de
magnesio, silicatos de magnesio, silicatos de circonio, espinelas de
magnesio/aluminio, carburos de silicio, carburos de tungsteno,
mezclas de carburos de silicio con didxidos de silicio o cualesquiera

mezclas deseadas de los materiales anteriormente mencionados.

25. El procedimiento de la Reivindicacion 1, donde el material de

soporte es Al,Os.

26. El procedimiento de Ila Reivindicacion 18, donde dicho
catalizador de hidrogenacién comprende 001 a 50 gramos
equivalentes de un metal del grupo 1A 6 lIA por gramo equivalente de

paladio (reducido).
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27. Un procedimiento para formar ciclohexanona que comprende:

exponer un catalizador de acuerdo con la Reivindicacion 1, a fenol en

! presencia de hidrégeno.
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AND USING THE SAME
5
FIELD OF THE INVENTION
. I The present invention relates to reactively
i 10 stable catalysts, to the preparation thereof, and to

reaction processes using these catalysts. More

} specifically, the present invention relates to stable
catalysts useful in hydrogenation reactions, in
particular, hydrogenation of phenols to yield the

15 corresgponding cyclohexanone.

' BACKGRQUND OF THE INVENTION

? Important aspects of stable catalysts

! include ite activity lifetime and its selectivity to

| 20 the desired product. A short activity lifetime, i.e.,
’ ‘ high deactivation rate, means high frequency of

j interruption of the process to regenerate or replace

i the catalyst which, of course, increases operating

times and costs. Transition metal catalysts, which are

! 25 in vwidespread use by the petroleum and petrochemical

| industry, are particularly prone to deterioration

, during prolonged operation. Many attempts have been

l made to overcome this problem by trying to extend the

( activity lifetime of such catalysts.
30 For example, palladium-containing supported

catalysts and their use in the hydrogenation of phenol
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to cyclohéxanone are described in Germar
Specificaﬁion No. 2,045,882, and Britist

Speciflcatlon No. 1,368,419 wherein the

O OoOOU—
A TR SR 2

| Published
Patent

preparation of

which alum;num spinel supporting materléls, such as

lithiumn, qagneslum, cobalt, manganese ox

zin¢ spinels,

which hav% been calcined at a high temperature are

employed. 'In such catalysts, the catalytlically active

J

substances are generally distributed irTegularly over

the whole isupporting material. As a cons

this, wheﬁ these catalysts are employed

eguence of

industrially,

undesirable differences in activity, selectivity of

conversion and service life can occur. Furthermore, it

frequently happens that gubstances present near to the

center of ? support particle have either| no influence

at all or bnly a minor influence on the
catalyzed.iln the case of valuable catal
substanceé
compounds thereof this results in unnec

catalyst costs.

reaction to be

ytically active

for example in the case of nopble metals and

éssarily high

% European Published Specification No,

0012,153 ahd U.S. Patents 4,407,733 and

4,774,221

describe, ﬁnter alia, supported catalyst
i

in which an

inert supporting material having & BET surface area

less than %0 m’/g is impregnated to saturation with a

solution of a base and dried to constant |weight, then

impregnated with a metal salt solution,

150 until

!
saturationiis reached, and finally reduced to the

|
metal. The base being applied in an amount such that,

before imp#egnation with the metal salt golution, 0.01

to 50 gramlequivalents of base per gram

quivalent of

metal are éreaent in the supporting material. Catalysts

!

!
|
|
|
?
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prepared by this process contain the catalytically
active substances within a narrow, annular zone in the
interior of these small surface area inert supporting
materials and also have a relatively short activity
lifetime.
German Published Specification No.
2,752,291 also describes the hydrogenation of phenol to
give cyclohexanone. In this case catalyste consisting
of carbon or charcoal particles coated with palladium
and having an (inner) surface area of 100 to 2,000 m‘/g,
and a phenol containing a small amount of alkali
compounds are employed. Based on the interaction of the
promoter contained in the phenol with the catalyst, the
effect achieved is, for example, that, after a
hydrogenation time of 210 minutes, a product containing
1.1% by weight of cyclohexanol, 87.5% by weight of
cyclohexanone and 11.4% by weight of phenol is
obtained, whereas, if the promoter in the feed phenol
is omitted under otherwise identical conditions, a
product containing 1.4% by weight of cyc¢lohexanol and
only 65.39% by weight of cyclohexanone with 32.5% by
weight of phenol remaining is obtained (see Example 1
in German Published Specification No. 2,752,251).
Finally, hydrogenations of phenol are also
described in U.S. Pat. No. 3,076,810, It is proved by
means of examples that, using a phenol containing
0.01 part of sodium carbonate in 1,000 parts and using
a catalyst containing 5% of palladium on charcoal, as
well as 5,000 ppm of sodium, a product mixture
having the composition 27.2% of cyclohexanone, less

than 0.5% of phenol and remainder cyclohexanol is
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cbtained

sodium in the catalyst alters the cycloh

+31 46 4761830 P12/+81 70 3
FRVRVAY) ny, iy i,

i
(gsee Example 1A). Varying the amount of

xanol content

{maximum abproximately 3%) in the product only to an

immaterial' extent (see Examples 1B and 1D).

Products having a high content of cyclohexanol (maximum
]

80%) are ohly obtained if a palladium/chi

doped with%sodium and phencl containing
large proportion of sodium carbonate are

Example a)i

rcoal catalyst
relatively

employed (gee

This state of the art also leads away from the present

invention,?since it suggests that the fee

d phenol, and

not the catalyst, should be varied in order to increase

the selectivity and convergion of the cat

% However, all these processes
catalystsa ébtainable thereby still suffer
considerab#e disadvantages. These catalys

support materials that are understood to

]
the catalyst activity by forming by-produ

prematurely coke up the catalytically act

1
and/or thes? catalysts are disadvantaged

alyst,

and the

from

8 have
interfere with
cts that

ive metal

by the

arrangement!of the catalytically active metal which is

exposed to %brasion losses and poisoning.

Thesge factors

seem to contribute to the high deactivation rate of

these relat%vely ungtable catalysts.

|
!
1

SMMARY OF THE INVENTION

; .

'In accordance with the present

invention,

there is pr#vided a palladium catalyst comprising a

1
group IA orgIIA metal-doped support materilal which has

long, stable activity lifetime. A process

supported p%lladium catalyst wherein said

for forming a

Fupport

1
|
i
|
l
|
!
|
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] material is metal-doped by impregnating the support
material with at least one group IA or IIA metal
j bicarbonate in a solution; drying the bicarbonate
i impregnated support material and calcining the
f 5 bicarbonate-treated support material to form a group IA
or IIA metal-doped support material. A further
l embodiment of the present invention provides a
supported palladium catalyst as discussed above wherein
. the group IA or IIA metal-doped support material is

! 10 palladium treated by further impregnating the suppoxt

i material with a palladium salt solution, drying and

t calcining. The invention also provides very diverse

! catalytic processes which include, for example,

l hydrogenation, dehydrogenation, hydrogenclysis,

{ 15 oxidation, oligomerization, polymerization,

y isomerisation, dehydrogenation and cyclization

| utilizing this catalyst.

BRIEF DESCRIPTION OF THE DRAWINGS

' i 20 Figure 1 is a graph reporting the catalytic
i activity of exemplary and comparative catalysts tested
| under integral conditions.

] Figure 2 ig a graph reporting the catalytic
activity of exemplary and comparative catalysts tested

.25 under integral conditions.

| Figure 3 is a graph reporting the catalytic

activity of comparative catalysts tested under integral

conditions.

j 30 DETAILED DESCRIPTION OF THE INVENTION

Materials useful as support materials for
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the supported catalysts of the present invention
b

i . .o
include, fPr example, metal oxides, silip
carbides, lrarbonates or mixtures thereof|

1 i 1] ’ 3
supportlng;materlals are aluminum oxides|

ates, spinels,
Preferred

asilicon

dioxides, Filicon dioxide/aluminum oxide|mixtures,

amorphous bilicas, kieselguhxs, barium,

calcium ca&bonates, mixtures thereof opt
containingh in addition, silicon dioxide
oxides, tikanium oxides, zircorium oxide
oxides, magnesium silicates, zirconium ei
magnesium/;luminum spinels, silicon carbi
carbides, hixtures of silicon carbides wi

{
dioxides, or any desired mixtures of the

mentioned #aterials. Aluminum oxide is p
preferred.iThe supporting materials can
very wide %ariety of forms, for example
granules, gxtrudates, tablets, saddle-sh

L
tubular sections, fragments and/or honey

trontium or

ionally

or aluminum
, magnesium
licates,

des, tungsten
th gilicon
above
rticularly

e uged in a

8 gpheres,
ped bodies,

omb ceramics.

Although s#pport materials of widely varIing ghapes and

sizes may be useful, typically, the nomi
|

support matevial particles is between 0.

preferably‘l mm to 10 mm. The inert supp

preferably has a BET surface area of bet

al size of the
mm tc 40 mm,
rting material

een 20 and 300

/g, more!preferably between 50 and 200 m°/g, and most
!

preferably}between 70 and 160 nﬁ/g.

§ In the pre-treatment stage, ¢
support maéerial is metal-doped with a gz
metal bica%bonate solution by contacting
material w%th the bicarbonate sgolution in
a variety ?f ways. “Group IA or IIa” herj

the metals!within the respective group n
11 .

i
I
f
i
I
/
L
1

he inert

joup IA or IIA

the support
any number of
in refers to

mbers of the
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Periodic Table of the Elements {(CRC Handbook of
Chemistry and Physics, 78™ ed. 1597-1998) . The
following group IA or IJA metals may be mentioned
individually by way of example: Li, Na, K, Rb, Cs, Be,
Mg, Ca, Sr, and Ba. Of these, Na, K and Cs are
preferred, with Na being particularly preferred.
Although the group IA or IIA metal is discussed herein
in the gingular preferred form, it will be appreciated
that the support can be doped with one or more group IA
or IIA metals either individually in seguence or as
mixture of two or more simultaneously.

In general, the doping of the support
material may be carried out at temperatures of 5° to
100°C, preferably at 10° to 60°C and particularly
preferentially at 20° to 40°C. The treatment can be
carried out at normal pressure, under elevated
pressures or under reduced pressure. The ratio of the
group IA or IIA metal to the palladium, also referred
to herein as “the metal”, is 0.01 to 50, preferably 0.5
to 20 gram equivalents and particularly preferentially
0.5 to 10 gram equivalents (based on the palladium
desired in the final product). The bicarbonate sclution
and the support material should remain in contact for
at least S minutes but typically not longer than 72
hours, preferably between about 2 t¢ 12 hours. The
preferred procedure for treating the support material
with a group IA or IIA metal bicarbconate solution is
known as incipient wetness impregnation wherein the
support is esaturated with a bicarbonate solution in,
for example, a rotavapor at a reduced pressure until

evaporation of the solvent is substantially complete.

+31 46 4761830~ PL2/+31 70 3403016:+#14
IRVITY LIV Y L
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: The group IA or IIA metal bicaxrbonate can

be brought %o act in very diverse forms on the inert
support matérials- The group IA or IIA metal
bicarbonateécan be employed either sclvent-free in the
ior in the form of solutions in agueous or

!
non—aqueous:solventa. It can sometimes be|appropriate

liguid form

for the solvent used to form a homogeneous phase with
the metal b#carbonate. but this is in no way necessary
for carrying out the process according to|the
invention. Solvents which can be useful include, for
example: wa#er, straight-chain or brancheqd hydrocarbons
with 1 to 12 and preferably with 1 to 6 carbon atoms
which contain a hydroxyl group, keto group and/or
carboxyl gréup, cyclic hydrcocarbona with 5 to 7 and
preferably 6 carbon atoms in the ring system which
containg a Aydrcxyl group, keto group and/or carboxyl
group and h%terocyclic compounds with preferably 6
atoms in theé ring system which contain a Rydroxyl
group, ketoégroup and/or carboxyl group and contain
oxygen and/or nitrogen as hetero-atoms.
QParticularly preferred solventis include
water, alcoﬁols, such as methanol, ethanol, propancl,

isopropanolé butancl, ethylene glycol and |glycercl, and

also ketones, such as acetone, and mixtures thereof,
hydrochlori% acid, sulfuric acid, nitric dcid,
hydriodic a¢id, hydrobromic acid, acetic gcid and
formic acid;
iThe bicarbonate soluticn can be added, oxr
metered, inéo the inert support, or vice versa.

1 .« . 1]
Preferably, the base solutien is metered into the
|

|
]
|
|
'1
|
|

134030]6'#15




Ny, -

erase
b g

10

18

20

25

30

/el Kl Jsw)jk
YRR RVAY) v

J

(- b-gy o 13:53

.
LAV WRTN W VAL (O ¥}

+31 46 4761830- P12/+31 70 3403016:#16
vy MY, Wy 1,

$

support.
After the pretreatment of the inert support

materials with the group IA or 1IA metal bicarbonate
golution, the treated support is subsequently dried in
& manner which is in itself known. For example, the
support may be dried discontinuocusly or continuocusly in
a drying cabinet or in a stream of warm air at
temperatures of about 50° to 200°C, and preferably at
100° to 150°C. Temperatures of 105° to 125°C and
pressures of 1 atm are particularly preferred. All
pressures indicated herein are absolute pressures. The
support material loaded with group IA or IIA metal
bicarbonate are dried in this way to a residual
moisture content of lesgs than 10%, preferably less than
5%, particularly preferentially less than 2% and very
particularly preferentially leas than 1% of the
absorbency of the support.

After the group IA or IIA metal-doped
support is dried, it is calcined by exposure to an
environment having a temperature greater than 200°C and
below the melting point of the support, preferably
greater than 250°C and less than 700°C, for a period of
time sufficient to achieve at least partial thermal
decomposition of the metal-doped support. Typically,
the calcination step is conducted in air for a period
of 1 to 12 hours, preferably 2 to 6 hours. The
calcination step may be performed as a step separate
from the drying step or as a continuation of the drying
step by raising the drying temperature suitably and
maintaining the metal-doped support in this environment

for a period of time sufficient to achieve at least
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partial calcination.
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' In a subsequent process stage
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(or palladium

treatment shage), the support material is)|treated with

a palladium! salt solution by solution-support contact

in a manner: similar to that described above. In

|
treated by the palladium solution at temp

may be

ratures of %°

to 100°C, pﬁeferably at 10° to 60°C and particularly

)
preferentially at 20° to 40°C. The treatment can be

carried out jat normal pressure, under elevated

pressures or under reduced pressure. The palladium salt
i

solution and the support material should typically

j .
remain in contact for at least 5 minutes but typically
!

not longer than 72 hours, preferably between about 2 to

12 hours. The preferred procedure for treating the

metal-doped support material with palladiu

incipient wetness impregnation wherein the

saturated wiih a palladium salt solution in,

example, a rotavapor at a reduced pressure

is known as
support is
for

until

evaporation of the solvent is substantially complete.

More particularly, the group I

or IIA

metal -doped éupport material is impregnated, in
|

accordance with its absorbency, to saturation with a

palladium salt solution under conditions which,

although indépendent, fall within the parameters

discussed heﬁeinabove except with a palladi

um salt

solution in ﬁlace of the bicarbonate solutilon. The

]
palladium metal concentration of the solutilon(s)

1

employed in this way are calculated so that| the desired
i

metal concent?ations on the support materialas are

obtained eithkr by a single impregnation oxr| by multiple

i

|
|
?
1

{
,L
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impregnations. The calculated palladium concentration
is used to determine the requisite group IA or IIA
metal to be employed for the pretreatment of the
support.

The palladium can be empioyed in the form
of a salt or complex salt, either as a solution or as a
suspension. Examples of salts and/or complexes of
palladium which may be useful include: Na,(PdCl],,
PdCl,, PdBr,, PdY,, H,PdCl,, K;[PACl,], PA(CH,CO00),,
Pd(acac);, Pd(NOs},, PdSO, and [Pd(NH;),]Cl,, with
Pd(acac);, PdCl,, Pd(NO;), or Na,[PdCl], being preferved,
and Pd(acac),, or PdCl, being particularly preferred. A
halogen-free catalyst ia another preferred emhodiment
of the present invention and is achieved by using one
of the non-halogen containing palladium salts such as
Pd(acac);, or Pd(NO,), as the palladium precursor. The
solutions or suspensions may include one or more of the
above noted agueous or non-agqueous solvents noted
above, with water being the preferred solvent for the
palladium salt solution.

The chemical compositions of the palladium
salt solutions are in-part determined by the nature of
the catalysts to be prepared. The solutions may contain
in addition to palladium one or more additional metals
including other catalytically active metals, dissolved
in the form of their salts., Phyasical parameters, such
as, for example, the absorbency of the support and the
solubility of the palladium salt golution can make it
necessary to carry out repeated solution-support
contact steps, for instance impregnmations, in order to

obtain the required concentration of active substance

1803 ¢ +31 46 461830~ Pl2/+3831 70 3403016:#18
RS RVAV) v, Yoy 1,
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in the fini%hed catalyst. For example, the
concentratién of the palladium salt solution should be
adjusted so;that the finished catalyst conmtains 0.1 to
20 wt. %, préferably 0.3 to 5 wt.%, and more preferably
5 0.5 to 2 wt%% of palladium (based on the metal in its

elemental form) , a side from any other additional
active_metais that optionally may be present.

%After treating the metal-doped support

material wiﬁh palladium, the support matexial can be

10 dried and c%lcined in accordance with the |conditions
herein discéssed with respect to the drying and
calcining séeps in the pre-treatment stage. Although
the conditions and preferred ranges discussed herein
are applicaﬂle to the respective steps for the

18 palladium tﬁeatment stage, it ahoﬁld be appreciated
that each oé these steps are independent and as such
may employ t?e game or, typically, different conditions .
than those ebployed in the corresponding skep.

Once the palladium containing,|group IA or

20 IIA metal—dobed support material is obtainrd it is

still typicaily desired to have the palladium reduced
to the metalﬁ This reduction can be carried out at any
time after t%e support is treated with the|palladium
galt solutio#. Preferably, thies reduction is carried

25 out immediatély after the calcination stepior in situ,
that is to SéY immediately before carrying|out the
reaction to @e catalyzed by the catalyst. This
reduction ca§ be carried out in any conventicnal wanner
and using reﬁucing agents which are customary for

30 reductions of this type. Examples of suitable reducing

agentse incluée hydrazine hydrate, hydrogen,

l
|
!
|
i




il

A/EPO/OEB Rijéwijk 1 7- 5-99 1 13:84 +31 46 4761830~ P12/+31 70 3403016:#20
Luvd tvodd vy PAETERCE G V] L,

LAV O 18 VE VAN IS PRV @ ¥

- 13 -

f formaldehyde and sodium borchydride. Preferred reducing

f agents are gaseous hydregen and agueous hydrazine

f hydrate.

In addition to the steps mentioned above, a
§ wide variety of optional steps may be introduced
} providing they do not adversely effect the advantages
provided by the present invention. These additional
steps include calcining the support material by itself

prior to the above process and/or grinding the support

N
B

10 material either before or after pre-treatment or before
or after palladium treatment. Other steps may include
washing or ringing the support materials either before
or after the drying and/or calcining steps in either

( the pretreatment or palladium treatment stages or even

f 15 after reduction of the palladium. Preferably, the
i waahing is continued until the wash water is
substantially free of ions from the sodium bicarbonate
! and/or anions of the palladium salt.
{ The possibility of carrying out the process
i 20 accerding to the invention industrially is illustrated
I with the aid of the preparation of a palladium-
1 containing Al,0, catalyst.
! A gquantity of Al,0, particles is pretreated,
( in accordance with itg absorbency, with a solution of a
25 bicarbonate solution, for example sodium bicarbonate in
! H,0, in a ratio of 0.01 to 50 equivalents of sodium per
{ equivalent of palladium to be added (prior to the
f actual impregnation with the solution of palladium /L/
salt) . The support material is then dried at a
30 temperatura of 100° to 200°C, for example 120° C, to a

resgidual moisture content of < 10%, for example < 1%,
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of the abscibency of the support. Thereafter,

|
scdium-doped support is calcined in air at a

+31 46 4761830~
IR

P12/+31 70 3
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the

|
temperature; greater than 300°C but lower than 700°C, for

a period of between 2 to 4 hours. After completing the

l

pre-treatment atage, the group IA or IIA metal-deped

! o )
support parﬁicles are impregnated, in accordance with

its absorbeﬁcy (by processes which are in
known) with;a solution of a palladium salt
palladium aéetate in toluene, the metal cg
solution being adjusted to correspond to
previously %onsidered to determine the con
the bicarbo@ate solution. After a reaction
a few houraéto geveral days, for example 2
palladium c&ntaining, acdium-doped support
dried and c%lcined. If necessary, the meta
applied is f%rst reduced to the metal by k
for example by treatment with H, flow at be
400°C for 1-% hours.

élthough not wishing to be hel
particular t#eory, the reactive stability

the catalysté of the present invention may
1

— P

themselves
, for example:
ntent of the
he amount
centration of
time of from
4 hours, the
material is
salt
nown methods,
2tween 100° to
d to any
onjoyed by
bhe

understood b? noting the relatively low metal surface

]

area of 1ess,than 0.9 m’/g, preferably 0.7
and the relaﬁively high mean particle size

60 to 120 A,Epreferably more than about 70

m’/q or less,
of between

A. when used

industrially, it is believed that the catalysts

obtained in this way will experience mini

|
and minimal loss of palladium activity. As
|

1l poisoning

a result of

this, it is éxpected that a very long catallyst life

with constan% activity is obtained.

The supported catalysts prepared according
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to the invention can be used for very diverse catalytic
processes, such as, for example, hydrogenation, (
dehydrogenaticn, hydrogenolysis, oxidation,
oligomerization, polymerization, isomerisation or
cyclization. In these catalytic reactions, the
supported catalysts prepared by the process éccording
to the invention can be employed either in the sump
phase, the trickle phase or the gas phase. The trickle
phase and the gas phase are preferred, with gas phase
being particularly preferred. The reactions can be
carried out either under normal pressure Or excess
pressure or under reduced pressure. Catalytic
hydrogenation reactions are a preferred field of use
for the supported catalysts according to the invention,
They are particularly suitable for hydrogenating
aromatic systems in the nucleus and for hydrogenating
certain substituents, for example nitrsc groups on
aromatic systems. The supported catalysts according to
the invention are preferably used in the catalytic
hydrogenation of phenol and substituted

phenols, it being possible to hydrogenate the aromatic
gystem and/or the substituent. The use, which is
particularly preferred, of supported catalysts
according to the invention is the hydrogenation of
phencls to yield the corresponding cyclohexanones.

The catalyzed reactions according to the
invention can be carried out under customary reactiocn
conditions and in customary reactors, For example, the
hydrogenation according to the invention can be carried
out with readily vaporizable phenols in the gas phase

and in tubular reactors, and with phenols which are
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difficult to vaporize in the down-flow liquid phase and
in verticalgreactors. The reaction temperatures can be,
for examplei between 100° and 350°C. They are
preferably between 120° and 250°C. The pressure during
the reactiod can be, for example, between 1 and 350
atm. When the reaction is carried out in the gas phase,
relatively ﬁow pressures, for example preasures within
the range oé from 1 to 5 atm, are generally preferred.
When the reiction is carried out in the down-flow
liquid phase, relatively high pressures, fpr example
pressures wﬂthin the range from 100 te 350| atm, are
generally pﬁeferred.
QIn general, at least 2 moles of hydrogen
are fed to tﬁe reactor per mole of the particular
phenol empléyed. It is preferable to introduce into the
reactor 4 of 12 moles of hydrogen per mole| of the
particular phenol employed. When the hydroﬁenation
according to the invention is carried out in the gas
phase, the p%ocedure followed is, for example, to
vaporize theiphenol in the feed stream of hydrogen and
then to passfthis combined stream into the|reactor. If
catalysts in;which it is still necessary to reduce the
palladium cobpounds present before the admission of a

phenol are employed in the hydrogenation process

according to the invention, this reduction|can be
carried out %n a particularly simple manner by first
allowing onl? hydrogen to flcw oveér the catalyst
located in the reactor and nct intreducing|the
particular phenol until the palladium compounds have
been reduced;

]
for example, the active substance

!
I
I
1
|
1
!
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combination of palladium on a group IA or IIA metal-
doped Al1,0, support, which has been treated by the
process according to the invention, finds preferred
application in the catalytic hydrogenation of aromatiec
compounds, such as, for example, phenol or substituted
phencl compounds to the corresponding cyclohexanone or
substituted cyclohexancne compounds. This hydrogenation
reaction regardless of the which phase is employed is
typically conducted by passing the compound to be
reduced over a fixed catalyst. The reaction is
advantageously carried out with an excess of hydrogen.
Examples of phenols which can be employed in the
hydrogenation reaction according to the invention

include those represented by formula (I), as follows:

(1)

OH
R a

in which
R, independently represents halo, nitro, an
unsubstituted or amino substituted C, to C; alkyl or C;
to €3 aryl, optionally substituted amino, C, to Cg
alkoxy or C; to C,, aroxy, and
n represents zerc or an integer from 1 to 5, but, in
the event that R, = nitro, n only represents zero, 1 or
2,

Halo here includes fluorine, chlorine,

bromine or iodine atoms. Optionally substituted amino

13:55 +3] 46 4761830- P12/+31 70 3403016:#24
fuwvv BNV 3 [
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may include, for example, an NH, gxoup whilch is
optionally éonosubstituted or disubstituted by C; to Cg
alkyl or Cg %to Cyo aryl.
'R, preferably represents methyl, ethyl, n-
5 propyl, i-p#opyl, n-hexyl, phenyl, hydroxyl, chlorine,
bromine, NHé, methoxy, ethoxy or phenoxy and n
preferably fepresents zero, 1 or 2. It is |particularly
preferable‘ﬁor R, to represent methyl in the meta-
pesition and/or para-posgition and for n tg represent

|

10 zerc or 1. !

1It ig also possible, for example, to employ
phenols repfesented by formula (II), as fallows:

|

(11)

l

HO X —QOH

15 2 2

in which

the R,’s ind%pendently of one another each|represent a
hydrogen ato%, C, to C; alkyl, C, to C; alkoxy or
20 halogen, and
X represents -CH,-, -C(CHy),-, -cyclohexyl-| -CO-, -S-,
-80,-, -0- or a single bond.
%referably, the R,’s independently repregent
a hydrogen a#om or methyl and X represents|-C(CH;),-.
25 &he ugse of phenols of the formula (I) is
preferred to%the use of phenols of the formula (II).

The hydrogen%tion process according to the|invention is

|
i

1
i
|
1
i
i
|
§
)
§
{
!
1
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preferably carried out ueing catalysts which can be
obtained by the measures described hereinabove.
The products leaving the reactor are

generally cooled, and the hydrogenated phenols are

5 @geparated off in a liquid or solid form. They can, if
appropriate, be purified further by customary methods,
for example by distillation. The excess of hydrogen
which is generally present can be recycled to the
reactor, it being preferable to discharge a small

‘ 10 proportion.
The hydrogenaticn, according to the

invention, of phenola by means of the supported
catalysts according to the invention surprisingly
affords products containing, very preponderantly, in

15 general to the extent of over 90% by weight and
frequently to the extent of over 95% by weight, the
corresponding ¢yclohexanones, and only very little, in
general less than 8%, of the corresponding

cyclohexanols. The formation of other by-products being

20 very slight; the service lives of the catalysts are

/ long and stable.

I | Other reaction wherein the palladium
catalysts of the present invention may be useful
include the production of alpha-picoline and 2,3-

25 lutidine prepared in accordance with the following

reaction schemes:
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| l
c-C-C-C-C-C-C=N Mohn
7
C-C-C-C + C=C-C=N o
| | N
0 : ¢-C-C-C-C-C-C3N Ohn
| I
MEK Acrylonitril O
|
C ‘ \\\\
| 2 H, v CH;
C-C-C-C-C-C-C=N - ‘
I f == CHs {"
0 Mohn N 2,3-1lutidine
i
f H,
€-C-C-C-C-C-C=N -
| ‘
o] Ohﬁ ylpyridine

Reactiecondi@;ies alpha pic, 2,3 lutidine
Temperatuur: I 240-260°C

molverhouding H,/docan of Hp/Mohn = 4-5
Totaal druk }-1.6 atm '

LHSV 0,158 ‘

ihe present invention will be I
described in more detail by way of examplee

given for illustration of the present inver

\ereinafter
: which are

tion and

shall not be]construed as limiting the present

invention.

1
|
'
|
b
'
i

A series of aluminum oxide (Al,

commerciallyiavailable from Engelhard as Al
1

i
1
|
|
|
|

C,)} supperts,
TO104 having
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an 1/8% nominal particle and a 990 w/g surface, was
ground to a powder having an average particle size in
the range of 0.180-0.125 mm and pretreated with three
different types of sodium precursors. The supports were
sodium-doped by incipient wetness impregnation in a
rotavapor at 30°C. After impregnation, all samples were
dried at 120°C for 3 hours and then calcined at 400°C
for 4 hours. The type of sodium precursor used and
amounts are presented in Table 1.

In the palladium treatment stage, the
sodium doped supports were treated by incipient wetness
impregnation with either a toluene solution of Pd
acetate or an aqueocus solution of palladium chloride to
achieve a palladium content of approximately 1 wt.%,
relative to the total weight of the catalyst inclusive
of the support. After impregnation with the palladium
solution, the catalyst were oven dried at 120°C
overnight and then calcined in air at 400°C for 2 hours.
Finally, the catalysts were reduced under hydrogen flow
at 200°C for 2 hours.

The resulting catalyst were analyzed and
compared with comparative 1, a conventional palladium-
containing hydrogenation catalyst (commercially
available from Johngon-Matthey), for palladium surface
area, by CO chemisorption using a pulse technique at
room temperature, determined by assuming a stoichio-
metry of Pd/CO=1 and a Pd surface density of 1.27 x 10
atom/m’ (wherein the average metal particles size was
calculated by the equation d=6V/S where S= palladium
metal surface area and V=volume of palladium bulk. The

catalyst properties are summarized in Table 1.

+31 46 4761830~ P12/+31 70 34
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IABLE 1
Pallédium Sedium Palladium | Sodium|| Metal Mean
Precﬁrsor Precursor | (wc.$) | (wt..%) | | Surface | Particle
| Area Diametey
| | (w’/g) (a)
Ex. 1 Pd ; NaHCo, 1 2 0.7 71
(acad),
Ex. 2 pdc14 NaHCO, 1 BRE 0.5 99
Tomp. 1 | PACL,) Na 1 1 0.9 55
! acetate
Comp. 2 | B@ | NaKCO, 1 —106.5 1.8 28
(acacb;
Comp. 3 | Bd 3 NaHCO, ) Tl 1.1 45
(acacﬁ,
Comp. 4 pdClgf NaNo, 1 2 0.5 CE]
Comp. & | BacTy Nano, T T 0.9 5%
Comp. 6 pdc12§ Na,Po, T 0.5 1.3 38
Comp. 7 | PACl, | Na,PO, T 1 0.9 55
Comp. 8 pdc:la; Na, B0, 1 3 5.5 55

| ‘
The catalytie activity of these catalysts Lere tested
§ under integr%l conditions in order to detexmine the
deactivationérates of these catalysts. The |partial
pressurevof éhenol and H, were maintained at 0.76 atm. ‘
and 0,39 atmé, regpectively. The cyclohexanone partial
pressure wasi0.0lB atm. The reaction tempenature was
10 160°C and the amount of catalyat was 0.420 §. Therefore,
the Weight High Space Velocity (WHSV) was 9
gmwmn/gm“ﬂ,mﬁh. The results of these tests |are reported
in Figures li 2 and 3,
ﬁaving described specific embodiments of

{

15 the present i%vention, it will be understood that many
v

|
|
!
|
i
1|
|
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modifications thereof will readily appear or may be
suggested to those skilled in the art, and it is

intended therefore that this invention is limited only

( by the spirit and scope of the following claims.
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A cat&lyst comprising:

i
a palladium containing, group IA or [

+31 46 4761830-> P12/+31 70 340
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IA metal-

doped %upport material wherein said Bupport

materihl is metal-doped by:

i) ﬁmpregnating said support mateyial with a

group IA or IIA metal bicarbonzte solution;

ii) ﬁrying gaid bicarbonate impregnated support
material to constant weight; and
iii) Falcining sald bicarbonate-treated support

fnaterial to form a group IA or|IIA metal-

ﬁoped support material.

The catalyst according to claim 1, wherein said

group #A or IIA metal-doped support
palladium treated by:

aterial 1is

i) %urther impregnating said group IA or IIA

metal-doped support material wi

ﬁalladium salt solution;

th a

ii) further drying said palladium galt
impregnated support material tq conatant
Qeight; and

iii) ﬁurther calcining said‘palladiJm treated

éupport material.
The ca%alyst according te claim 1, wh
group IA or IIA metal bicarbonate inc
bicarbo%ate, potaasium bicarbonate or
bicarbonate.
The cat%lyst accexding to claim 1, wh
group I} or IIA metal bicarbonate inc

I
bicarboFate.

rein said
ludes sodium

cesium

rein said

Ludes sodium

i
|
|
;
|
I
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The catalyst according to claim 1, wherein said
palladium salt solution includes Pd(acac),, PdCl,,
Pd (NO;), or Na,{PdCl],.

The catalyst according to claim 1, wherein said
palladium salt solution includes Pd(acac);.

The catalyst according to claim 1, wherein said
catalyst is halcgen-free.

The catalyst according to claim 1, wherein said
group IA or IIA metal is present in an amount
greater than 1 wt.¥%.

The catalyst according to claim 1, wherein said
group IA or IIA metal is present in an amount
greater than 1.5 wt.¥%.

The catalyst according to claim 1, wherein said
group IA or IIA metal is present in an amount
greater than 2 wt.¥%.

The catalyst according to claim 1, wherein
palladium is present in an amount between 0.5 and
2 wt.%.

The catalyst according te claim 1, wherein said
catalyst has a mean particle diameter of greater
than 50 A.

The catalyst according to claim 1, wherein said
catalyst has a mean particle diameter of greater
than 60 A,

The catalyst according to claim 1, wherein said
catalyst has a palladium metal surface area of
less than 1.0 m’/g.

The catalyst according to claim 1, wherein said
catalyst has a palladium metal surface area of

between 0.5 and 1.0 m'/g.
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|
17. A hydrogenation catalyst prepared by
, !

18.

The c&talyst according to claim 1,

palladium is present as a metal.

(a)

(b)
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haerein said

igroup IA or IIA metal-doping an inert

|support material, by:
i:i) impregnating said support m
la group IA or IIA metal bicarb

@olution;

aterial with

onate

i) drying said metal-treated support

@aterial to constant weight; a
iii) caleining said metal-trea
material to form a group IA or
doped support material; and

%reating said metal-doped supp

with a palladium salt solution

rd
ted support
IIA metal-

brt material

, by:

i) further impregnating said support

haterial with a palladium salt

solution;

ii) further drying said palladium salt

impregnated support material to constant

%eight; and

iii) further c¢alcining said palladium-

ﬁreated support material.

A process for preparing a hydrogenation catalyst

oy
comprising:
|

a)

b)

c)

%mpregnating a support material

wich a

group IA or IIA metal bicarbonate solutiom;

drying said sodium impregnated

&aterial to constant weight;

gupport

calcining said sodium treated gupport

material to form a group IA or

doped support material;

!
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d) further impregnating said metal-doped
support material with a palladium salt
soclution;

e) further drying said palladium salt
impregnated support material to constant
weight; and

) further calcining said palladium-treated
support material.

The process of claim 18, wherein said metal-doped

support waterial is impregnated with said

palladium salt solution until saturation is
reached.

The process of claim 18, further comprising

washing said palladium-treated support material

with water.

The process of claim 20, wherein said washing is

continuad until the wash water is substantially

free of ionse from the sodium bicarbonate and
anions of the palladium salt.

The process of claim 18, further comprising

reducing said palladium present on said

palladium-treated support material to palladium
metal.

The process of claim 22, wherein gaid reduction

ig carried cut with hydrazine hydrate, hydrogen,

formaldehyde or sodium borohydride.

The process of claim 18, wherein said support

material is selected from aluminum oxides,

silicon dicxides, silicon dioxide/aluminum oxide
mixtures, amorphous silicas, kieselguhrs,

mixtures thereof optionally containing, in
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i
additibn, silicon dioxides or aluminum oxides,
titanihm oxidea, zirconium oxides, mhgnesium
oxidesﬁ magnesium silicates; zirconium silicates,
magnes&um/aluminum spinels, silicon carbides,
5 tungsten carbides, mixtures of silicon carbides

with s?licon dioxides or any desired|mixtures of
the abbvementioned materials.

25. The process of claim 1, wherein the éupport
materi:;:tl i8 Al,0,.
10 26. The précess of claim 18, wherein said
hydrogénating catalyst comprises 0.01 to SO0_gram
equivaients of a group IA or IIA metal per gram
equiva}ent of palladium (reduced).
27. A pracéss for forming cyclohexanone comprising:
15 exposiﬁg a catalyst in accordance with claim 1 to

i
phenol ;in the presence of hydrogen.
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The pregent invention relates to reactively
stable catalysts, to the preparation thereof, and to
reaction processes using these catalysts. These stable
catalysts are useful in hydrogenation reactions, in
particular, hydrogenation of phenols to yield the
corresponding cyclohexancne. A process for fbrming a
supperted palladium catalyst wherein said support
material is metal-doped by impregnating the support
material with a group IA or IIA metal bicarbonate
solution; drying the bicarbonate impregnated support
material and caleining the bicarbonate-treated support
material to form a group IA or IIA metal-doped support
material. A further embodiment of the present invention
provides a supported palladium catalyst as discussed
above wherein the group IA or IIA metal-doped support
material is palladium treated by further impregnating
the support material with a palladium salt solution,
drying and calcining. The invention also provides very
diverse catalytic processes which include, for example,
hydrogenation, dehydrogenation, hydrocgenolysis,
oxidation, polymerization, isomerisation,
dehydrogenation and cyclization utilizing this

catalyst.
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