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The present invention relates to an alkylaromatic
conversion catalyst, 1ts preparation, and its use in
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ene loss.

Simultaneous =xyiens lsomerisation to the eguilibrium
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comprises of from 20 to 70 wt% of a refractory oxide

nm and a silica to alumina molar
ratioc in the range of from Z0 to 200, all percentages

being on the basis of total catalyst; b} an amcunt of

the group consisting of Groups &, 9 and 10; and <)

-2

chosen from Group 1

',__

optionaliy a metal
up to 0.5 wt%, on the basis of total catalyst.
Furthermore, the present invention provides a
process for the preparation of such catalyst, which
comprises combining of from 20 to 70 wt% of a
r

refractory oxide binder, of from 30 to 80 wit% of ZIMS-5

having a mesopore volume of from .1 to 1.0 ml/«< a
! £ ~

o

crystallite size of from 3 to 100 nm and a silica to

alumina mcolar ratio in the range of from 20 to 200,
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1d less than 10 wt?

shaping the resulting mixture, 1if desired, and
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compositing the mixture with an amount of from 0.0

o 5 wt% of one or more metals chosen from ©
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coenzisting of Groups 6, 9 and 10 and optionally a
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metal chosen from Group 14 in an amount up to 0.5 wt,

all percentages being on the basis of total catalyst.

All weight amounts, as the term is used in

0w

relation with the catalyst composition or the catalyst

5 preparation, are based on dry amounts. Any water and
other solvent present 1in the starting compounds 1is
disregarded.

The mesopores, as the term is used herein, are

those pores of the ZSM-5 having a pore diameter in the

10 range of (A} . These are

W

easured

15 accordineg

those pores of t! atalys } ing a pore

are measured

20 The crystallite size is measured by Transmission
Electron Microscopy (TEM) with the average based on
the number average.

Groups 6, 9, 10 and 14 are as defined in the
IUPAC Periodic Table of Elements dated 1 May 2013.
25 The weight amounts of metal are calculated as

amount of metal on total weight of catalyst.

contacting in the presence of
hydrogen a fesedstock which comprises ethylbenzene with
30 a catalyst according to the present invention or a

catalyst as prepared by a process according to the

the Invention
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Catalyst of the present invention has been
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to have a high alkylaromatic conversion activity in

especially surprising that

the product can have a

faliy allowing for side-reactions. Furth

high benzene selectivity combined with reduced xyler

—

osses at a given ethyvlbenzene convergsion.

[)

The ZSM-5 for use 1in the carrier of the present
invention preferably has a mesopore volume of at least
0.10 ml/g, more specifically at least 0.15 ml/g, most

specifically at least 0.20 mi/g. The mesopore volume

q

preferably is at most

most 0.80 ml/g, more specifically at most 0.70

more specifically at most 0.60 ml/g, more specifically

11
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at most .50 ml/g, most specifically at most 0.40

The macropore volume of

oy

is at least 0.

(@8]

mi/g, more sp

ml/g, most specifically at le

macropore volume of the catal
1.5 ml/g, more specifically at nu
The micropore volume of the

~

is at least 0.0 ml/g, more specifi
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ml/g. The micropore volum

N

(

is at most 0.09 ml/g, more specif

nl/g, most specifically at most

Q

The crystalliite size of the ZSM-5 for use in the

present invention iz at lieast 3 nm, more

specificall more specifically at least
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east 20 nm. The

iz at most 20 nm, more
more speci
most 60 nm, more

most specifically at most

preferably is at lsast 20, more specifically

specifically

most 180,
ecifically at

The present invention most preferably uses ZSM-5

which 1s commercially avallable from Zeclyst under the

the catalyst composition of the

may be naturally occurring silica or may be in the
form of a gelatinous precipitate, soi or gel. The form

of silica is not limited and the silica may be in any

silica or amorphous silica. The term amorphous silica

encompasses the wet process types, including

precipitated s

wed silicas. Silica scls or colloidal silicas are

noen-sett ersions of amorphous silicas in a

liguid, usually water, typically stabilized by anions,
caticons, or non-—-ionic materials.

mixture of two

of a powder
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form silica and a silica sol. Conveniently powder form

silica has a B.E.T. surface area in the range of from

50 to 1000 m?/g; and a mean particlile size in the range

of from 2 nm to 200 micron m, preferably in the range
5 of from 2 to 100 micron m, more preferably 2 tce 60

micron m, especially 2 to 10 micron m as measured by

ASTM C 690-1992 or IS0 8130-1. A very suitable powder

form silica material 1is Sipernat 50, a white silica

powd

having predominantly spherical particles
10 avallable from Degussa (Sipernat is a trade name). A

under tThe trade

comprises powder form silica and a silica scol, then

15

more preferably

Jhere solely a powder form of silica is used as a

20 binder in the catalyst composition of the present

V
o

3
=
ot
}_.: -
o
*C‘
\’[\

2ferably a small parti

utilized, which has a mean particle
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of 2 to 10 micron as measured by ASTM C 680-1592.
An additional improvement in carrier strength i1s found

25 with such materials. A very suitable small particulate
form is that available from Degussa under the trade

name Sipernat 500LS.

gilica component is used as pure

silica and combination

30 oxide components. It 1s most
and indeed the carrier, 1is esse
other inorganic oxide binder a
s free of alumina. At moest only a nmaximum of 2 wt%
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alumina, based on the total refractory oxide binder,

comprises of from 20 to 70

ier of the present invention preferably

Swt of binder in

combination with of from 30 to 80 %Swt of ZSM-5, more

specifically of from Z5 to

combination with of from 40 to

specifically of from 25 to

combination with of

with of from 50 to 70 %wt

o0 %wt of binder in
5 swt of ZSM-5, more
o5 %wt of binder in
Swt of Z8M-5, most

in combination

The mixture of zeolite and refractory oxide

binder may be shaped into

any convenient form such as

powders, extrudates, pills and granules. Preference is

given to shaping by extrusion. To prepare extrudates,

commonly the pentasil zeolite will be combined with

the binder, preferably silica, and if necessary a

peptizing agent, and mixed to form a dough or thick

paste. The peptizing agent may be any material that

will change the pH of the
induce deagglomeration of
Peptising agents are well
and inorganic acids, such

materials such as ammonia,

mixture sufficiently to

the solid particles.

known and encompass organic
as nitric acid, and alkaline

ammonium hydroxide, alkali

metal hydroxides, preferably sodium hydroxide and

potassium hydroxide, alkali earth hydroxides and

organic amines, e.g. methylamine and ethylamine.

Ammonia 1s a preferred peptizing agent and may be

provided in any suitable form, for example via an

ammonia precursor. Examples of ammonia precursors are

ammonium hydroxide and urea. It is also possible for

the ammonia to be present

as part of the silica

component, particularly where a silica sol is used,
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though additional ammonia may still be needed to
impart the appropriate pH change. The amount of
ammonia present during extrusion has been found to
affect the pore structure of the extrudates which may
provide advantageous properties. Suitably the amount
of ammonia present during extrusion may be in the
range of from 0 to 5 wt% based on the total dry
mixture, preferably 0 to 3 wt$%, more preferably 0 to
1.9 wt%, on dry basis.

The ZSM-5 present in the catalyst has properties
very similar to those of the ZSM-5 used as starting
compound in the preparation. Therefore, the
preferences for catalyst components and ratios also
apply to the components used in preparing the
catalyst.

The catalyst of the present invention comprises
of from 0.001 to 5 wt% of one or more metals chosen
from the group consisting of Groups 6, 9 and 10 and
optionally a metal chosen from Group 14 in an amount
up to 0.5 wt%, on the basis of total catalyst.
Preferably, the metal of Group 6, 9 or 10 is chosen
from the group consisting of tungsten, molybdenum,
cobalt, nickel, palladium and platinum while the metal
of Group 14 is chosen from lead and tin. Most
preferably, the catalyst comprises of from 0.001 to
0.1 swt of platinum and/or palladium, most preferably
platinum, based on amount of metal on total amount of
catalyst. The amount preferably is from 0.01 to 0.05
$wt. Additionally, such catalyst can contain one or
more further catalytically active compounds, most
preferably tin.

The catalyst of the present invention may be

prepared using standard techniques for combining the

PCT/US2016/047125
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zeolite, binder such as silica, and optional other
carrier components; shaping; compositing with the
metals components; and any subsequent useful process
steps such as drying, calcining, and reducing.

The metals emplacement onto the formed carrier
may be by methods usual in the art. The metals can be
deposited onto the carrier materials prior to shaping,
but it is preferred to deposit them onto a shaped
carrier.

Pore volume impregnation of the metals from a
metal salt solution is a very suitable method of
metals emplacement onto a shaped carrier. The metal
salt solutions may have a pH in the range of from 1 to
12. The platinum salts that may conveniently be used
are chloroplatinic acid and ammonium stabilized
platinum salts. If tin is present, the tin preferably
is added as a salt selected from the group consisting
of stannous (II) chloride, stannic (IV) chloride,
stannous sulphate, and stannous acetate.

If different metals are deposited on the carrier,
the metals may be impregnated onto the shaped carrier
either sequentially or simultaneously. Where
simultaneous impregnation is utilized the metal salts
used must be compatible and not hinder the deposition
of the metals. It has been found useful to utilize a
complexing or chelating agent in a combined
platinum/tin salt solution to prevent unwanted metals
precipitation. Examples of suitable complexing agents
are EDTA (ethylenediamine tetraacetic acid), and
derivatives thereof, HEDTA (N-(2- hydroxyethyl)
ethylenediamine-N,N',N'-triacetic acid), EGTA
(ethylene glycol-bis(2-aminocethylether)-N,N,N',N'—

tetraacetic acid), DTPA (diethylene tridiamine

10
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pentaacetic acid), and NTA (nitrilotriacetic acid).
Where EDTA is used, it 1is conveniently used in a molar
ratio to tin of from 0.1 to 3, especially 1 to 2.
After shaping of the carrier, and also after
metals impregnation, the carrier/catalyst is suitably
dried, and calcined. Drying temperatures are suitably
50 to 200 °C; drying times are suitably from 0.5 to 5
hours. Calcination temperatures are very suitably in
the range of from 200 to 800 °C, preferably 300 to 600
°C. For calcination of the carrier, a relatively short
time period is required, for example 0.5 to 3 hours.
For calcination of the catalyst composition, it may be
necessary to employ controlled temperature ramping at
a low rate of heating to ensure the optimum dispersion
of the metals: such calcination may require from 5 to

20 hours.

Prior to use, it 1s generally necessary to ensure
that the metals on the catalyst composition are in
metallic (and not oxidic) form. Accordingly, it is
useful to subject the composition to reducing
conditions, which are, for example, heating in a
reducing atmosphere, such as in hydrogen optionally
diluted with an inert gas, or mixture of inert gases,
such as nitrogen and carbon dioxide, at a temperature
in the range of from 150 to 600 °C for from 0.5 to 5
hours.

The catalyst composition of the invention finds
especial use in the selective dealkylation of
ethylbenzene.

The ethylbenzene feedstock most suitably
originates directly from a reforming unit or naphtha
pyrolysis unit or is the effluent of a xylene

isomerisation unit. Such feedstock usually comprises

11
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hydrocarbons containing of from 7 to 9 carbon atoms,
and in particular one or more of o—-xylene, m—xylene,
p—xylene, toluene, and benzene in addition to
ethylbenzene. Generally the amount of ethylbenzene in
the feedstock is in the range of from 0.1 to 50 wt$%
and the total xylene content is typically at least 20
wt%, based on total amount of hydrocarbon feed.
Typically the xylenes will not be in a thermodynamic
equilibrium, and the content of p-xylene will
accordingly be lower than that of the other isomers.

The feedstock is contacted with the catalyst in
the presence of hydrogen. This may be carried out in a
fixed bed system, a moving bed system, or a fluidized
bed system. Such systems may be operated continuously
or in batch fashion. Preference is given to continuous
operation in a fixed bed system. The catalyst may be
used in one reactor or in several separate reactors in
series or operated in a swing system to ensure
continuous operation during catalyst change-out.

The process 1is suitably carried out at a
temperature in the range of from 300 to 500 °C, a
pressure in the range of from 0.1 to 50 bar (10 to
5,000 kPa), using a weight hourly space velocity of in
the range of from 0.5 to 20 g feed/g catalyst/hour. A
partial pressure of hydrogen in the range of from 0.05
to 30 bar (5 to 3,000 kPa) is generally used. The feed
to hydrogen molar ratio is in the range of from 0.5 to
100, generally from 1 to 10 mol/mol. As the catalyst
of the present invention is especially suitable for
use in high weight hourly space velocity processes,
the preferred operating conditions comprise a weight
hourly space velocity of in the range of from 7 to 17

g feed/g catalyst/hour, more specifically of from 8 to

12
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14 g feed/g catalyst/hour, an overall pressure of
from 5 to 25 bar (500 to 2,500 kPa), more specifically
8 to 15 bar (800 to 1,500 kPa) and a feed to hydrogen

molar ratio in the range of from 1 to 5 mol/mol.

The present invention will now be illustrated by

the following Exanples.

In the Examples and where mentioned elsewhere

hereinabove, the following test methods are

applicable: Flat plate crush strength: ASTM D 6175,

M rvenore vol i A QTM 1D
J.“LJ.CJ.C.*FC’.L. = volume: ASTM D4222-03.

ASTM D4365-13.

Macropore volume: ASTM D4:
Crystallite size: number average as measured by
Transmission Electron Microscopy (TEM) .

BET surface area: ASTM D4

A carrier was prepared from ZSM-5 having a

mesopore volume of 0.015 ml/g, a crystallite size of

200 nm and a silica to alumina molar ratio of

SM-5 1is commercially availlable from Zeolyst as CBV

The zeclite powder was mixed with a low sodium

grade silica (Sipernat 50 from Degussa), and ar

ammonium stabil commercila sol
{(zold under the trade name Bindzil by Eka Chemicalsy),
and extruded using 1.5 ammonium hydroxide

scluticon (containing 25 wt% ammonia) on dry basis to

give a carrier comprised of 60 wt% zesolite, 26.7 wt%

Sipernat 50 and 13.3 w

The green extrudates

for 1 hour to

13



WO 2017/031098 PCT/US2016/047125

for industri

=1
[}
l"
|...
[
(]
I

The resulting carrier contained 40 %Swt of

binder and 60 2wt of zeclite, based on dry weigh

(_g

The carrier was pore volume impregnated with a

solution having a pH below 2. The
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of metal was such as to provide a final catalyst
having a concentration of 0.025 wt%, based on total

catalyst. Once the impregnation was completed, the
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10 catalyst was dried at 125 °C for 3 hours, and

subsequently c ined in a two-step calcination
program aiming at 480 °C with a sufficient

rate to achieve adequate dispersion of the
phase.

15 hours.
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referred to as Catalyst 1.

Q.

The catalyst obtained had an average

crush strength of 85 N/cm, a BET surface area of 358

o

m'/g, & micropore volume of 0.091 ml/g and a macropore

20 volume of 0.555 mi/g.
Example 2
A carrier was prepared from ZSM-5 having a

mescopore volume of 0.29 ml/g, a crystallite size of 28

-

nm and a to alumina molar ratio of 80. This

25 Z3M-5 1s commercially available from Zeolyst as

powder was mixed with a low sodium

sitica (Sipernat 50 from Degussa}, and ar

zaed commercia

30 {sold under the trade name

of ammonium hydroxide

and extruded usi

solution {(containing 25 wt% ammonia) on dry basis to

give a carrier comprised of 60 wt% zeolite, 206.7 wt%

14
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Sipernat 50 and 13.3 wt$% silica sol on dry basis.
The green extrudates were dried and calcined at

about 550 °C for 1 hour to achieve sufficient strength

application.
5 The resulting carrier contained 40 Swt of silica

binder and 60 %wt of zZeclite, based on dry weight.
The carrier was pore volume impregnated with a
platinum containing solution having a pH below 2. The

soluticn was prepared from H2PtCl6. The

10 of metal was such as to provide a final

having a concentration of 0.025 wt%, based
catalyst. Once the impregnation was completed, the
catalyst was dried at 1Z5 °C for 3 hours, and
subseguently calcined in a two-step calcinaticn

15 program aiming at 480 °C with a sufficient low ramping

20

The catalyst obtained

crush strength of 76 N/cm,

2 : f - 3 IS 1 ;o e N -
m°/g, a micropore volume of 0.039% ml/g and a macropore

-h

volume cof 0.649 mi/g.
25
and 2 were subjected to a catalytic
typilcal incdustrial application
ons for ethylbenzene dealkylation. This

est uses an industrial feed of which the

30 composition 1s summarized in Table 1.

Table

15
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EB wt% 15.30
pX Wt 2.71

oX Wt% 15.62

3
teoluene wt% 0.28
0

benzene wt%

C7-C8~naphthenes wt% 2.81

9
O
Q
=
o
=]
Q
jurt
e
el
0
5
t
o
o o
=
o o

o]
]
-
<

y
A0
i
-]
<o

C8 arcomatics sum wit% 96.89
ERB in € 8 aromatics feed wt% 15.79
pX in xylenes in feed wt% 3.32
oX in xylenes in feed wts 19.14
mX in xyvlenes in feed wt% 77.53

The activity test is performed once the catalyst

hydrogen (>9%%% purity) at 450 °“C for 1 hour.

Q.

After reduction the reactor is pressurize

[#]

without a ccoling step, and the feed is introduced.

and

he 1deal industrial operating
conditions but a

differentiation of the variocus performance parameters

used is application.
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In the present case, a welght hourly space
velocity of 12 g feed/g catalyst/hour, a hydrogen to

feed ratio of 2.5 mol.mol ™ and a total system

pressure of 1.2 MPa was used. The temperature was

varied between 340 and 380 °C to achisve the reguired

sion for easier comparison.

conve

The performance characteristics including the

product obtained are shown in Table 2 below.
Ethylbenzene conversion (EB conversion) is the
weight percent of ethylbenzene converted by the
catalyst into benzene and ethylene, or other
molecules. It 1s defined as wt% ethylbenzene in feed

minutes wt% ethylbenzene in product divided by wt$%

o°

ethylbenzene in feed times 100
PXate 1s a measure for the degree to which the
xylene reaction mixture has reached equilibrium for

para—-xylene. It is defined as follows:

%w PXin Xylenes in product - %w PXin Xylenes in feed
%w PXin Xylenes at equilibrium - %w PXin Xylenes in feed

PXate = x100%

where PX stands for para-xylene.
Xylene loss 1s calculated as wt% xylenes in feed
minus wt% zylenes in product divided by wt% zylenes in

feed times 100%.

Table 2

Catalyst 1 Catalyst 2

e O - P

Reactor temperature °C 378 361
C1-Co6 wt% 2.31 2.30
C7-C8-naphthenes wt% 2.4¢ 2.39

17
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EB wt3 7.63 7.63
pX Wt 18.50 19.29
o¥ wWt% 17.27 17.9¢%

(@8]
el

mX wt% 44,

5 toluene wt% 1

i
{ (@)
N

benzene wt% 5.17 5.22
C9+ aromatics wt% 1.14 1.28
EB conversion, wt% 50 5C

10 pX in xylenes, wt¥ 23.08 24.02

\
‘

.
<
=
©

pXate, % 87.5

AXylene loss, wt% 1.76 1.57

The above experimental results

15 according to the present inv

regquire a lower temperature to achieve the reguired

20

gh ethylbenzene conversion activit

ena content of the product, the

catalyst according to the invention gave less zylene

25 loss than comparative catalyst I.

18
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conversion catalyst which comprises
comprises of from 20 to 70 wt% of a

5 refractory oxide binder; of from 30 to €0 wt% of ZSM-5
having a mesopore volume of from 0.1 to 1.0 ml/g, a
crystallite size of from 3 to 100 nm and a silica to
alumina molar ratio in the range of from 20 to 200,
all percentages being on the basis of total catalyst;

10 by an amount of from 0.001 to 5 wt% of one or more
metals chosen from the group consisting of Groups 6, 9

and ¢} optionally a metal chosen from Croup 14
in an amount up to 0.5 wt%, on the basis of total
catalyst.

15 2. Alkylaromatic conversion catalyst as claimed in

claim 1,

from the group cons
titania.

e refractory oxide binder is chosen
isting of silica, =zirconia and

20 claim 1, wherein the carrier is composad of in the
range of from 2% to 60 wt% silica, and in the range of

4, Alkylaromatic conversion catalyst as in
claim 1, ZSM-5 has a mesopore volume of
25 from 0.20 to 0.90 ml/g and a crystallite size of
5 to 80 nm.
5. Alkylaromatic conversion catalyst as claimed in
claim 1, wherein the ZS8M-5 has a SAR in the range of
from 20 to 150.
30 6 conversion catalyst as claimed in

the

i
i

binde

19
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from 30 to 50 3wt
the range c¢f from
7. Alkylaromatic
claim 1 comprising
5 amount in the rang
opticnally tin in

conversion catal
process comprise

10 refr oxide

having a mesopo

binder,

re

<

nd

M—

70

W

anl

vst as claim
s combining

volume
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is present 1n an amount in
t%.

n catalyst as claimed in
and/or palladium in an
0.001 to C.1 wt% and

up to 0.5 wt%.

ration of an alkylaromatic
ed in claim 1, which

of from 20 to 70 wt% of a
from 30 to 80 wt% of ZMS-5

from 0.1 to 1.0 ml/g, a

crystallite size of from 3 to 100 nmm and a silica to
alumina molar ratio in the range of from 20 to 200,
and less L wt% of an optional other component,
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