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HYDROCARBONS AND PROCESS FOR PRODUCTI ON OF XYLENE Peg copy
BACKGROUND OF+THE I NVENTION 1. Field of the invention: The present
Invention relates to a catalyst conposition for transal kyl ati on
of al kyl aromati ¢ hydrocarbons and to a process for production of xylene.
More particularly, the present invention nelates to a catalyst conposition
for production of xylene froma feedstock containing Clerr] alkylaromatic

hydr ocar bons chyaALYSaN CUMPOSHTION HOR { TRENSADKEEATION OFOALKYLARONATIV ene.
2. Description of the prior art: Transa{;%yé%?on of al kyl aromatic
hydr ocar bons i s GIYOROUARBONS ANDG { PROCESS | FORr PRODUCTION OFs XWLENE | S

applied to the production of benzene and xyl ene fromtol uene by
di sproportionation and the production of xylene from toluene and
met hyl benzene by transal kyl ati on. There have been proposed a nunber of
catal yst systens for this BACKGROUND OF THE INVENTION

1. Field of the invention:

The present inventionl relates to a catalyst
composition for transalkylation of alkylaromatic
hydrocarbons and to a process for production of xylene.
More particularly, the present invention. relates to a
catalyst composition for production of xylene from a
feedstock containing Cy alkylaromatic hydrocarbons by
transalkylation and to a process for production of xylene.
2. Description of the prior art:

Transalkylation of alkylaromatic hydrocarbons is one
of the industrially important reactions which is applied to
the production of benzene and xylene from toluene by
disproportionation and the production of xylene from
toluene and methylbeﬁzene by transalkylation. There have
been proposed a number of catalyst systems. for this
reacfion. Among them is corystalline aluminosilicate
zeolite (such as faujasite and mordenite) which is known as
an effective catalyst. Moxrdenite is particularly active in
tranéalkylation of alkylaromatic hydrocarbons.

Unfortunately, mordenite used alone is not

satisfactory in activity and catalyst life; therefore, it
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reaction. Among them is crystalline alumnosilicate zeolite (such as
faujasite and nordenite) which:is known as an effective catal yst.
Mordenite is particularly active in transal kylation of al kylaronmatic
hydr ocar bons. Unfortunately, . nordenite used al one IS not
satisfactory in activity and catalyst life; therefore, it
2 i1s used in conbination with a netal frpom G oup VIB (such as chrom um
nol ybdenum and tungsten) or a netal from Goup VIII (such as iron,
cobal t, nickel, ndnglatinunlnetal
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161-168). ig disclosed a catalyst which substantially consists only
of mordenite and rhenium, in Japanese Patent Publication
No. 45849/1987. These catalysts, however, are not wholly
effective for transalkylation in production of xylene from
Cy; alkylaromatic hydrocarbons (including ethyltoluene).
. Incidentally, J. Das et al. reported transalkylation of
feedstocks containing Cy alkylaromatic hydrocarbons by S~
zeolite (Catalysis Letters, vol. 23 (1994), p. 161-168).
In actual, this process is not satisfactory in xylene
yields. Practically, ﬁhere exists no efficient way of
producing xylene from Cg alkylaromatic hydrécarbons
containing ethyltoluene.
SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
catalyst composition for efficient production of xylene
from a feedstock containing C; alkylaromatic hydrocarbons
by dealkylation and transalkylation. It is another object
of the present invention to provide a process for producing

xylene.

Cy alkylaromatic hydrocarbons are of low industrial



In actual, this process is not satisfactory in xylene vyields.

Practically, there exists no efficient way of producing xylene from
Cerr] alkylaromatic hydrocarbons containing ethyltol uene.

SUMVARY OF THE | NVENTI ON It is an object of the present invention to

provide a catalyst conposition for efficient production of xylene froma
feedstock containing (Jerr] al kyl aromati @ hydrocarbons by deal kyl ati on and
transal kylation. It is another object of the present invention to provide
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t ol uene by deal kyl ati on and two noles of toluene or toluene and :
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useful) by transalkylatlon There has been no
toluene by dealkylation and two moles of toluene or toluene
and trimethylbenzene can be converted into xylene (which is
industrially useful) by transalkylation. There has been no
way of efficient dealk&lation of ethyltoluene into toluene,'
which leads to low yields of xylene. The catalyst
composition of the present invention 1is capable of
efficient dealkylation of ethyltoluene into toluene and
efficient production of xylene by transalkylation.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an X-ray diffraction pattern of the
.- mordenite-type zeolite prepared in Example of the present
invention.
Fig. 2 is SEM photograﬁhs of catalysts B, R, and T
prepared in Example of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention is based on the present
inventors’ finding that the catalyst capable of efficient
conversion of ethyltoluene as shown below is useful for
production of xylene from ethyltoluene cohtained in G
alkylaromatic hydrocarbons through conversion into toluene

by dealkylation and subsequent transalkylation of toluene-
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way of efficient deal kylation of ethyltoluene into toluene, which |eads
to low yields of xylene. The catalyst conposition of the present
i nvention is capable of efficient deal kylation of ethyltoluene into
toluene and efficient production of xylene by transal kyl ati on.

BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is an X-ray diffraction

pattern of the nordenite-type zeolite %)repared I n Exanpl e of the present

i nventi on. e E ot ographs of catalysts B, R, and T
prepared i ¥ Exaﬁp?“ & t“’“?yégb? Sregndh s on. DESCRI PTI ON OF THE

PREFERRED EMRCRLYEIW Sf ethyﬂbgu@ﬂ@sent invention is based on the present
I nventors' finding that the catal yst capable of efficient conver si on of
et hyl t ol uene asfFebédswodied ow i s useful for production of xylene from

ethyltol uene contained in (err] al kyl aromati ¢ hydrocarbons through -
conversion into tol udkeio 9f HEBYkER]é{eI"&n t&nd%ﬁiﬂ@ééﬁéﬁ?"ﬁ%s&ﬂ@l ation of

t ol uene ethyltoluene) = 35 wt%

Reaction conditions:
Temperature: 490°C
Pressure: 3 MPa-G
WHSV (weight space velocity) 2.5 h!
Ratio of H,; to feedstock: 4.0 mol/mol
Percent conversion of ethyltoluene (wt%) = (A - ﬁ)/A x 100
where A : concentration of ethyltoluene in feedstock (wt%)
B : concentration of ethyltoluene after reaction (wt%)
The catalyst which achieves the percent conversion of
ethyltoluene higher than 50 wt%, preferably higher than 80
wt%, in the above-mentioned reaction is useful in the
present invention.

-In addition, the high percent conversion of
ethyltoluene and the high yields of xylene by
transalkylation are achieved by the catalyst composed of
hydrogen-type mofdenite, inorganic oxide and/or clay, and
at least one metal (selected from rhenium, platinum, and
nickel) in an adegquate ratio. -A detailed description
follows. Ethyltoluene converts into toluene and ethylene

upon dealkylation by hydrogen-type mordenite. The percent



or toluene and trinethyl benzene. Conversion of ethyltol uene:

Feedst ock: Rati o of ethyltoluene to (trinethyl benzene pl us

et hyltol uene) = 35 wt % Reaction conditions: -~ Tenperature:
400[err] C Pressure: 3 MPa-G VHSV
(wei ght space velocity) 2.5 h[err][err] Ratio of H2to

f eedst ock: 4.0 nol / nol Percent gonversion of ethyltoluene (W% =
(A - BY/A x 100 where A : concentration of ethyltoluene in
feedstock (adrdersion of ethylBolueprcdr nmadt osubfieisytlyl hegh afdeerto
reaction (W% The catal yst which achi eves the percent conversion of
et hyl t ol ueneedtimilmridrimn BY Wthe ptheemaldynamigheequiidiBfiunv % [Thade
above-nentioned reaction is useful in the present invention. In

addi ti on, restxrictigms arecehiminabedeisi dhe cetalysithyils dingarpoxatkied the
high yields of  xylene by transalkylation are achieved by the
catal yst cdfiddsean oinorgpadsg@rxidmpandieenfiay rhéchasiensedt SurrPoEs
clay, and at | east one netal &selected fromrhenium_plati num_ and

ni ckel ) ir?Eul%ﬁﬁﬁﬁat%n?atWGFa A FerponeRtjeddalnGtsd  from  rhenium,

platinum, and nickel). This catalyst causes hydrogen
present in the reaction system to hydrogenize ethylene
(formed by dealkylation of ethyltoluene) into ethane. The
result is a high percent conversion. The improved yield of
xylene is due to transalkylation of toluene or toluene and
trimethylbenzene. The metal component supported by the
inorganic oxide and/or clay is responsible for
hydrogenolysis of high ©boiling by-products. This
suppresses the catalyst coking and deactivation and
prolongs the catalyst life. These effects are produced.
only when requirements for an adequate composition are
satisfied as mentioned above.

The zeolite used in the present invention is hydrogen-
type mordenite. A preferred mordenite is one in which the
gsilica/alumina molar ratio is from 15 to 30. This
mordenite may be obtained from mordenite having a low
silica/alumina molar ratio by acid extraction to eliminate
aluminum or by direct synthesis. Directly synthesized
mordenite is preferable. Synthesis of mordenite is

disclosed in American Mineralogist, vol. 57 (1972), p.



follows. Ethyltoluene converts into toluene and ethylene  upon
deal kyl ati on by hydrogen-type nordenite. The percent

5 conversion of ethyltoluene is not sufficiently high due to restrictions
by the thernodynamc equilibrium These restrictions are elimnated
If the catalyst is incorporated wth an inorganic oxide and/or clay which
densely supports at |east one nmetal conpenent (selected. fromrhenium

plati num and nickel). This catalyst causes hydrogen present in

t he reactlog}ggsigghtoJnghj?§?ﬁg§eebP¥EﬂEePu%Pg JH’NE?“kyiﬁﬁb?ﬂ9§

et hyl t ol uene t o~ et hane resu IS a percent conver sion.

i nproved ylﬁhg 8hoo%yh9eg .is due to transal kyl ation of toluene or toluene
and trinethylbéenzene. ~"The metal conponent supported by the inorganic

oxide and/or cehdrsiich KAEBONShPdLogehOtyplYdnRtiedvniceS nfy hbah
boiling by-products. This suppresses the catalyst coking and
deactivati oBccefgligh@dongdyt he dddiedtyst ilnf e. exchhnge ef béct smerdepieeuced

only when requirenents for an adequate conposition are
(containing metal cations) with an acid or by ion exchange
in an aqueous solution containing ammonium ions, for
conversion into ammonium type, followed by drying and
calcination. Conversion from ammonium type into hydrogen
type is preferable. The ion exchange may be carried out
before or after the forming of zeolite, with the latter
method being industrially desirable. For improvement of
catalytic performance, mordenite may optionally be treated
with an organic acid containing carboxyl groups (such as
lactic acid, malic acid, tartaric acid, and citric acid).
The inorganic oxide and/or clay is essential as a support
for at least one metal component selected from rheﬁium,
platinum, and nickel. The inorganic oxide includes
alumina, silica-alumina, silica, titania, and magnesia,
with alumina being preferable. Alumina includes boehmite,
boehmite gel, gibbsite, bialite, nordstrandite, diaspore,
and amorphous alumina gel, with boehmite being preferable.
Alumina of y-; -, and G-modificatibns (fhat océdr under
different calcination conditions) may be used. Alumina sol
or alumina gel used as a binder to form the catalyst also

functions as a support for the metal component (selected



satisfied as nentioned above. The zeolite used in the present

invention is hydrogen- type nordenite. A preferred nordenite is one in
which the silica/alumna molar ratio is from 15 to 30. Thi s
nordenite may be obtained fromnordenite having a low silical/alumna nolar
ratio by acid extraction to elimnate alum numor by direct synthesis.
Directly synthesized nordenite is preferable. Synthesis of nordenite
is disclosed in Anerican M neral ogist, vol. 57 (1972), p.
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formng of zeolite, with the latter

in the catalyst should be 20-150 pbw, preferably 40-150
pbw, for 100 pbw of mordenite. Larger amounts than
specified (with decreased amounts of mordenite) leads to
low dealkylation and transalkylation activities. Smaller
amounts than specified leads to short catalyst life and low
ethyltoluene conversion and low xylene yields due to poor
dispersion of metal components and hence poor hydrogenation
of ethylene resulting from dealkylation of ethyltoluene.

It is essential in the present invention that the
catalyst contain as thé metal component at least one member
selected from rhenium, platinum, and nickel. Rhenium may
be present in any form, such as oxide, sulfide, and
selenide. The amount of rhenium s_hould be 0.05-1.5 pbw (as
metal) for 100 pbw of mordénite and 0.1-2.0 pbw (as metal)
for 100 pbw _of- inorganic oxide and/or clay. The catalyst
with an excessively small amount of rhenium is poor in
conversion of ethyltoluene. Conversely, the cataljst with
an excessively large amount of rhenium causes excessive
hydrogenolysis of alkylaromatic hydrocarbons. Preferred
rhenium compounds include perrhenic acid and ammonium

perrhenate. Preferred platinum compounds include



met hod being industrially desirable. For inprovenent of catalytic

. performance, nordenite nmay optionally be treated wth an organic acid
cont ai ni ng carboxyl groups (such as lactic acid, malic acid, tartaric

acid, and citric acid). The inorganic oxide and/or clay is essential as a

support for at |east one netal conponent selected fromrhenium - platinum

and nickel. The inorganic oxide i#scludes alumna, silica-alum na,

silica, titania, and magnesia, wth alunmina being preferable. Al unina
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conponent el ecte fromrheni um
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nontnorillonite, kaolin, sepiolite, and acid clay, which-are not
speci fi calampunt of nickel should be 0.05-1.5 pbw (as metal) for 100
| | pbw of mordenite. For these metal componeﬁts to be
supported, the mordenite is uniformly mixed with the
inorganic oxide and/or clay, followed by forming, drYing,
and calcination, and the mordenite is converted into
hydrogen type or ammonium type and finally impregnated with
an aqueous solution containing at least one metal component .
of rhenium; platinum, and nickel. The resulting product is
dried and calcined. Calcination changes the mordenite of
ammonium type . into the mordenite of hydrogen type.
Calcination should preferably be carried out in an 6xygen-
containing atmosphere at 300-650°C.

The present inventors’ investigation on the
dealkylation of ethyltoluene into :tolgene; which is
intended to produce xylene from ethyltoluene contained in
Cy alkylaromatic hydrocarbons -by dealkylation and
subsequent transalkylation of toluene or toluene and
. trimethyltoluene, revealed that secondary particles of
mordenite in the formed catalyst play an important role.
Se;ondary particles results from primary particles by

aggregation. The diameter of secondary particles can be



restricted. The amount of the inorganic oxide and/or clay in the catalyst
shoul d be 20-150 pbw, preferably 40-150 pbw, for 100 pbw of

nor deni te. Larger anounts than specified (with decreased anmounts of
nordenite) |leads to |ow deal kyl ation and transal kyl ati on activities.
Smal | er amounts than specified | eads to short catalyst life and | ow
et hyl t ol uene conversion and | ow xyl ene y el ds due to poor dispersion of
metal conponents and hence poor hydrogenation of ethylene resulting from
deal kyl ati on of eth Itol is essential _in the presen

nvent 1 on SR {, n:ex i JBY msans mésatﬁs:ﬂafaa edRE e “&tcn%sa%fep%ne
kel Rh
oot fs.e( : : rj%mrﬁr Beunbofelt, "HE RS orgSene WLHELIRY B
t | f
o doni Lo m&‘nxe” ‘ﬁ” ‘il%“égsvp(egg %% SpaBR pedts T i Ripdeit & it

I 'norgani ¢ oX1 0 and/o
clay. The ga t]ﬁi“ téhaq{’ ?t.' Ve?éée%%% Eﬁélfifexf heRLHM 5 ;P.i?or in
conver si on of e y ol uene. réel e catalyst wth an excesslvely
| 'arge anougy ' @iaé!fé‘é equSbée paE PISIIRET Safll Adfyperssatic

-hydrocarbons rre rhenlun1conpounds I'ncl ude perrhenic acid and
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inorganic oxide and/or clay. Secondary particles of
mordenite in the formed catalyst should be sufficiently
small and well dispersed so that they readily interact with
the metal component in the catalyst for a high percent
conversion of ethyltoluene. The diameter of secondary
particles of mordenite in the formed catalyst depends on
the conditions under which the catalyst is formed and the
diameter of secondary particles in raw material mordenite.
It also varies depending on the kneading time and water
- content, and it becomes smaller according as the kneading
time increases. The diameter of secondary particles in raw
material mordenite powder depends on the mixing ratio of
reactants, the time for crystallization, and the method of
stirring and drying. it tends to become smaller according
as the reaction mixture decreases in alkalinity and the
time for crystallization also decreases.
The present invention is based on the preset
inventors’ finding that it is possible to produce xylene

efficiently from a feedstock containing Cy alkylaromatic



8 chloroplatinic acid and ammonium chloropl ati nate. The anount of
pl ati num shoul d be 0-0.005 pbw (as netal) for 100 pbw of nordenite.
Preferred nickel conmpounds include water-soluble salts such as
nitrate and acetate. The anmount of nickel should be 0.05-1.5 pbw (as
metal) for 100 pbw of nordenite. For these netal conponents to be
supported, the nordenite is uniformy mxgd with the inorganic oxide
and/or clay, followed by form ng, drying, and calcination, and the
nordenite is converted into_  hydrogen tgpe or annnnjun1tyfe and finalhy
i npr egnat ed YR X¥PcashoRguetiEh sdsut ehhYLbRLEPAEng BXimethylbaRzape, an
conponent. of rhenium platinum and_nickel,. The resulting proguct, is
dried and cRFePYLRenzenee; WairBnarRaRged oMhd nibstdia Wﬁlé%ﬂﬁﬂ#LWﬁﬁqy%e
into the nordenite.of hydrogen,type Cal,ci nat.i.on sﬁgul eferably, be
carried outc?ﬂsgﬂe8x9§e¥9e Coﬁpﬁ¥§ﬁﬁgqﬁﬁ#§¥ e (ﬁﬁhﬁiﬁ%}WﬁQf into
The prese | pve rS, .1 ' Lon on ' deal | 0
ethyltoluengél?%#g_ ?%?pe%%?hg%?gﬁigﬁgbgin gnd%%léggﬁro§%c§¥é§+%§£ f?éﬁh
ethyl tol ueng, cQBtAL78dnkBne into xylene. The percent conversion of
ethyltoluene is higher than 50 wt%, preferably higher than
80 wt%. For high xylene yields, it is important that the
Cy alkylaromatic hydrocarbons contain ethyltoluene in an
amount more than 5 wt%, preferably more than 10 wt%. The
Cy alkylaromatic hydrocarbons may contain C;, compounds such
as diethylbenzene, ethylxylene, tetramethylbenzene, and the
like. Using a mixture of toluene and Cy, alkylaromatic
hydrocarbons as a feedstock is embraced in the embodiments
of the present invention. 1In this case, the mixing ratio
of toluene and C; alkylaromatic hydrocarbons should
preferably be in the range of 0:1 to 1:1 (by weight). The
feedstock may contain, in addition to the above-mentioned
aromatic hydrocarbons, non-aromatic hydrocarbons such as
paraffin and naphthene. The catalyst pertaining to thé
present invention is used for the production of xylene
mentioned above. It is essential that hydrogen be present
in the reaction system for the production of xylene. The
amount of hydrogen to be supplied should be such that the

molar ratio of hydrogen to alkylaromatic hydrocarbons is in

the range of 1 to 10. The reaction should be carried out



Cerr] alkylaromatic hydr ocar bons by deal kyl ati on and subsequent
transal kyl ati on of toluene or toluene and trinethyltoluene, reveal ed that
secondary particles of nordenite in the formed catal yst play an inportant
role. Secondary particles results from primary particles by
aggregation. The dianeter of secondary particles can be

9 easily exam ned by neans of a scanrilng el ectron m croscope (SEM. For
the object of the present invention, the maxi num di anet er of secondary

particles of m)rdenlte should e IIe n err @ o
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particles of nordenite 1n t e forned catalys
feedstock (Cy alkylaromatic hydrocarbons) lowers the

catalytic activity and reduces the =xylene yields. The
content of naphthalene in C; alkylaromatic hydrocarbdns is
typically about 1 wt%, although it varies depending on the
sources.. 'l‘herefdre, it is important that alkylaromatic
hydrocarbons (as feedstock) be distilled under normal
pressure or reduced pressure prior to transalkylation to
reduce the content of naphthalene below 0.5 wt%, preferably
0.3 wt%.
EXAMPLES

The invention will be described in inore detail with
reference to the following examples, which are not int_ended
to restrict the scope of the invention.

Synthesis of mordenite-~type zeolite:

An aqueous solution was prepared by dissolving in
586.8 g of water 21.3 g of solid sodium hydréxide
(containing 96.0 wt%¥ NaOH and 4.0 wt% H,0, from Katayama
Kagaku) and 21.3 g of tartaric acid powder (containing 99.7
wt% tartaric acid and 0.3 wt% H,0, from Katayama kagaku).

To this aqﬁeous solution was added 29.2 g of sodium



the conditions under which the catalyst is forned and the dianeter of
.secondary particles in raw material nordenite. It also varies depending on
the kneading tine and water content, and it becomes snaller according as
the kneading time increases. The diameter of secondary particles in raw
mat eri al nordenite powder depends on the mxing ratio of reactants, the
time for crystallization, and the nethed of stirring and drying. It tends
to beconme smaller according as the reaction m xture decreases in
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trimet hyl benzene |nto xyl ene. The percent conversion

0.33 wt$ Al,0,, 0.27 wt% NaOH, "Nipseal VN-3" from Nippon
Silica). There was obtained a uniform aqueous slurry

having the following composition (in molar ratio).

Si0,/A1,0, 30

H,0/S5i0, 20

OH"/Si0, 0.25

A/Al,0, 2.5 _ A : tartrate

The slurry was heated at 160°C for 72 hours with stirring
(250 rpm) in a l-liter autoclave. The reaction product was
washed with distilled water and filtered five times and
then dried overnight at about 120°C. Thus there was
obtained a mordenite-type zeolite which has the composition
of 1. 02Na20-A1203-18 68102 and gives an X-ray diffraction
pattern shown i.n Fig. 1.

Forming:

A paste mixture ;ﬂas prepared from 74.6 g of the
mordenite powder prepared as mentioned above (contaiﬁing
93.8 wt% mordenite), 39.5 g of alumina powder of boehmite
structure (o-alumina monohydrate) (containing 76.1 wt%

Al,0,, SCF type, from Condia), 80 g of alumina sol



ethyl tol uene is higher than 50 % preferably higher than 80 wt% For
‘hi gh xylene yields, it is inportant that the C9 al kylaronmatic hydrocarbons
contain ethyltoluene in an anmount nore than 5 w% preferably nore than 10
w% The ({err] alkylaromatic hydrocarbons may contain Clerr][err]
conpounds such as diethyl benzene, ethylxylene, tetranethyl benzene, and the
like. Using a mxture of toluene andjgferr] alkylaromatic hydrocarbons as
a feedstock is enbraced in the enbodinents of the present invention. 1In
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shoul d be carried out

1.0 mm long), which were dried overnight at 120°C. The
dried pellets, equivalent to 90 g (dry base), were calcined
in air at 400°C for Z“hours. On cooling in a desiccator,
there was obtained the desired formed catalyst A.
Example 1

The formed catalyst A (15 g dry base) was treated with
30 ml of 10 wt% aqueous solution of ammonium chloride at
80-85°C for 1 hour. The treating solution was discarded
and treatment was repeated with a fresh solution four times
in the same manner as above. The treatment was followed by
rinsing with diétilled water five times. The formed
catalyst A was further treated with 30 ml of 5 wt% agqueous
solution of tartaric acid at 80-85°C for 4 hours. | The
treating solution was discarded ‘and. the treatment ' was
followed by rinsing with distilled water five times. For
impregnation with rhenium, the formed catalyst A was
immersed in 21 g of water containing 0.039 g of rhenium
(VII) oxide (Re,0;) dissolved therein for 4 hours. After
removal of the treating solution by filtration, the formed

catalyst A was dried overnight at 120°C and then calcined



at a pressure of 1-6 MPa, at a tenperature of 300-550[err]C, and at a VWHSV
(wei ght space velocity) of 0.5-10 h[err][err]. The present inventors

i nvestigation revealed that trace constituents such as napht hal ene present
in the feedstock ((err] alkylaromatic hydrocarbons) |lowers the

catalytic activity and reduces the xylene yields. The content of
napht hal ene in Clerr] alkylaromatic hydnqgcarbons is typically about 1 wt%
al though it varies depending on the sources. Therefore, it is inportant

that al kylaromatic hydrocarbons (as feedstock) be distilled under nornal
pressure orinediiEe@tpradkk i efQ¥i r hoyreransBug | theen vas pddgdaedhedhe
content of naphthal ene below 0.5 wt% preferably 0.3 wm%

EXAVPLES — cataiygt| Byeithbph wContgd nge s i HeBPn Afpral yeing | apd: P - 152

{he Scope oPPYnes nERRRLER. (S YRLeEE oamp et oy pEofeddd opBY 'of ' o,
o g0l d sott tiERody BeFaaSt B be R et a el atisn®a 0 v terri o
from Kat ayaﬁamgilgabu) and 21.3 g of tartaric acid powder (containing 99.7

The formed catalyst A (15 g dry base) was treated with

30 ml of 10 wt$% aquéous solution of ammonium chloride at

80-85°C for 1 hour. The treating solution was discarded

and treatment was repeated with a fresh solution four times

in the same manner as above. The treatment was followed by

rinsing with distilled water five times. The formed

catalyst A was further treated with 30 ml of 5 wt% aqueous

solution of _tartaric acid at 80-85°C for 4 hours. The

treating solution was discardedl and the treatment was

followed by rinsing with distilled water five times. For

impregnation with platinum, the formed catalyst A was

jmmersed in 21 g of water containing 0.0010 g of

chloroplatinic acid (H[(PtClg]e+6H;0) dissolved therein for 4

hours. -' After removal of the treating solution by

filtration, the formed catalyst A was dried overnight at

120°C and then calcined in air at 540°C for 2 hours. Thus

there ﬁas obtained the catalyst C, which contains 66.5 pbw

of alumina and 0.004 pbw of platinum for 100 pbw of

- mordenite (dry base).

Example 3



w%tartaric acid and 0.3 wt % H20O, 'from Kat ayana Kagaku). To this aqueous

sol ution was added 29.2 g of sodium 12
alum nate solution (containing 18.5 wt % A1203, 26.1 wt% NaCH, and 55.4 wt %
Herr]O from Sumtono Chemcal). To the resulting uniformsolution was

slowy added with stirring 111.5 g of silicic acid powder (containing 91.6
w% Siderr], 0.33 WM%AI[err]03, 0.27 ws¥ NaOH, "Ni pseal VN-3" from
N ppon Silica). There was obtained a uni formaqueous slurry having

e 5 2¥“r]”g CORES S pr8cERUEG WH | P mxample 7 wASTrEbEREgA, v
2.5 iv@r R téaté[bgsél B bXclpt | heaked nd tc%ﬁ_%&%rp’ﬂa%rar A?CM%éswth

stirring %50 rp In a l'iter ocl ave. ereactlon pr oduct

washed wit hrégwﬁééééleﬁ Clg] a%doff' Id@)@l fhi’@rétge%miwoﬂmzér)' ed The
overni ght at .about 20[ err hus. there was obtai ned
nDrdenite-t&@eazygtitﬁrd$hﬁ$um§ssshg @HWOSEt kQmina and 0.247 pbw of
nickel for 100 pbw of mordenite (dry base).
Example 4
The catalysts B, C, and D were evaluated by conversion
of a feedstock (composéd of ethyltoluene and
trimethylbenzene in a ratio specified below) into xylene
under the following conditions in a fixéd bed flow reactor.
The results are shown in Table 1.
Composition of feedstock:
Ratio of ethyltoluene to (ethyltoluene plus

trimethylbenzene) = 35 wt$%

Reaction conditions:

Temperature 400°C

Pressure 3 MPa-G

WHSV | 2.5 h!

H,/feedstock 4.0 mol/mol
Table 1

Destination Metal content (pbw) per Conversion (wt%) Xylene yields (g) per

of catalyst 100 pbw of mordenite of ethylioluene 100 g of feedstock
Catalyst B Re 0.152 95.5 31.6
Catalyst C Pt 0.004 97.7 29.0

Catalyst D Ni  0.247 94.8 30.3




of 1.02Na2g err] Al 203[err]18.6SiJerr] and gives an X-ray diffraction
pattern shown in Fig. 1. Form ng: A paste m xture was prepared from
74.6 g of the nordenite powder prepared as nentioned above (containing
93.8 wt % nordenite), 39.5 g of alum na powder of boehmte structure

([err]-alum na nonohydrate) (containing 76.1 w% A1203, SCF type, from

Condi a) ,

80 g of alum na sol

13

1
(containing 10 w % A1203, "Col |l oidal Al un? na 200", from N ssan Kagaku),
g of alum na gel _powder (cont afi ning 70, wt % A1203,  "Catal oj d AP %g 1%%;,
f

from Shokubai Kakki LS atatedo

o8t BrRLe| ledthdt ethearqatatyitsii

about 1 hour

176 T 1 ongRteSHNEn REPECAPRe ARBIB Ghe REotoaeivicy Shea fRTLAF 0

pel l ets,

10

for 2 houregf?‘“%‘%fgég%‘?h?&igw o ek M (G HIGH yadidll e eyliller T C

formed cat aﬁ)ééﬁlpf\e gExample 1

I'n~a desicca here al ne

The same procedure as in Example 1l was repeated to
give the catalyst E except that the amouht of rhenium (VII)
oxide was chainged to 0.078 g. The catalyst E contains 66.5
pbw of alumina and 0.267 pbw of rhenium (equivalent to
0.401 pbw for 100 pbw of alumina) for 100 pbw of mordenite
(dry base).

Example 6

The same procedure as in Example 1 .was repeated to
give the catalyst F except that the amount of rhenium (VII)
oxide was changed to 0.24 g. The catalyst F contains 66.6
pbw of alumina and 0{686 pbw of rhenium (equivalent to 1.03
pbw for 100 pbw of alumina) for 100 pbw of mordenite (dry
base).

Comparative Example 1

The same procedure as in Example 1 was repeated to
give the catalyst G except that the treatment with rhenium
(VII) oxide was omitted. The catalyst G cohtains 66.4 pbw
of alumina for 100 pbw of mordenite (dry base).

Comparative Example 2
The same procedure as in Example 1 was repeated to

give the catalyst H except that the amount of rhenium (VII)

Sited



The formed catalyst A (15 g dry base) was treated with 30 m of 10 wt%
- aqueous solution of anmmonium chloride at 80-85[err]C for 1 hour. The
treating solution was discarded and treatnent was repeated with a fresh
solution four times in the same manner as above. The treatnent was
followed by rinsing with distilled water five tines. The forned
catalyst A was further treated with 30 n{7of 5 w % aqueous sol ution of
tartaric acid at 80-85[err]C for 4 hours. The treating solution was

di scar ded oande WAS EREAGERNto VGS0058! IOWed TRk TdAs s 1 Slistdddsd

water five tines. For Tnpregnation with rhenium the fornmed catalyst A

was i mergedsi powlod Aludah@r as@niaigdinHHk GI0 rhedfi uefiqiinvd Mdd ©¥i de
(Re207) dissolved therein for 4 hours. After renoval of the treating

sol ution by.06Bt pbwi @or tiw0 fplwedf &dhminsl) Aowadodr ipter @/ midxdénbte
120[ err] C and then cal ci ned 14 in air

at 540[ err€r{oba8el)ours. Thus there was obtai ned the catal yst B, which

contains 66.5 pbw of alum na and 0.152 pbw of rhenium (equivalent to 0.228
pbw for 10Bxphplef 7

The same procedure as in Example 1 was repeated to
give the catalyst I except that the amount of rhenium (VII)
oxide was changed to 0.59 g. The catalyst I contains 66.5
pbw of alumina and 1.77 pbw of rhenium (equivalent to 2.66

pbw for 100 pbw of alumina) for 100 pbw of mordenite (dry

base).

Example 8

The catalysts B and E to I (varying in rhenium
content) were evaluated in the same manner as in Example 4.
The results are shown in Table 2. It is noted from Table 2
that.the caﬁalysts B, E, F, and I (containing 0.05 pbw of
rhenium as metal) exhibit the high activity of dealkylation
and transalkylation and realizes the high yield of xylene,
whereas the datalyst I is slightly lower in.xylene yields
than the catalysts B, E, and F (due to decomposition of C,
alkylaromatic hydrocarbons) despite its high percent
conversion of ethyltoluene. It is understood that the
preferred rhenium content is 0.05-1.5 pbw (as metal) for
100 pﬁw of mordenite. The catalysts G and H are poor in

conversion of ethyltoluene and low in xylene yields.



. alumna) for 100 pbw of nordenite (dry base). Exanple 2 The forned
catalyst A (15 g dry base) was treated with 30 m of 10 wt % aqueous

sol ution of ammonium chloride at 80-85[err]C for 1 hour. The treating
solution was discarded and treatnment was repeated with a fresh solution
four times in the sane manner as above. The treatnent was fol |l owed by
rinsing wth distilled water five tijges. The fornmed catalyst A
was further treated with 30 mMl of 5 w % aqueous solution of tartaric acid
at 80-85[erpdkiéop 4 hours. The treating solution was discarded and
the treatnent was followed by rinsing with distilled water five tines.
For inpredgnation wtn or ned cat alyst A was__ | mer ped
in 21 g of [watlgstinaer ai hi B;[C'U“‘OG’I'EF“ (PBY’) hIGoR { cf¥lpne yields (g) per
(H2[PtQ [ermf’fpﬁaﬁvﬁm pgf E@@P\w&mmsﬁ"& L @ etylto h’&fﬁ 100 pldpedstoghn al
of the trieahkBgy S$_0IBu ion Dby 1gpltrati N, thgsfgrmed ¢atal ygi 4 was

dried over gt olr err1€ d.IIlI themr—cafcrmed—Tmarr——af—540terrCforq 2

hours. Thus CaltetleWaﬁ bbt ai ne@.26@ catal yst C 96kilch cont ai ns38675 pbw| of
al um na and| ?ia% liy%QwFo pl ati Gggbgor 100 |pbw oga.qm denifte (dw‘l;ase).

Exampl e 3

Catalyst G 0 12.3 9.8
Catalyst H 0.042 48.7 19.0
Catalyst I 1.77 97.8 26.6

Comparative Example 3 .

A paste mixture wés prepared from 106.6 g of the
mordenite powder prepared as méntioned above (containing
93.8 wt% mordenite), 80 g of alumina sol (containing 10 wt%
Al,0;, "Colloidal Alumina 200", from Nissan Kagaku), 10 g
of alumina gel powder (containing 70 wt% Al,0,, “Cataloid'
AP (C-10)", from Shokui)ai Kasei), and 10 g of distilled
water. After kneading for about 1 hour, the paste was
formed into pellets (1.2 mm in diameter and 1.0 mm long),
which were dried overnight at 120°C. The dried pellets,
equivalent to 15 g dry base, were calcined in air at 400°C
for 2 hours. On cooling in a desiccator, there was
obtained the desired formed catalyst.

The formed catalyst (15 g) was treated with 30 ml of
10 wt% aqueous solution of ammonium chloride at 80-85°C for

1 hour. The treating solution was discarded and treatment



15 The sane procedure as in Exanple 2 was repeated to give the.
catal yst D except that the chloroplatinic acid was replaced by 0.11 g of
nickel nitrate (Ni (N®B)2[err]6H err]O. The catalyst C contains 66.5 pbw
of alum na and 0.247 pbw of nickel for 100 pbw of nordenite (dry base).
Exanmple 4 . The catalysts B, C, and D were eval uated by conversion of
a f eedst ock (conposed of et hyl t ol uene and trinethyl benzene in a
rati o specified below) into xylene und@ the foll ow ng conditions in a
fixed bed flow reactor. The results are shown in Table 1. Conposition of
f eedst ock:was repétéd with a efiwsh obadneiont doux diimes olmebhe sgmes

tri met hyl benzene) 35 wt % Reaction conditions: Tenper at ure
400[ err] Cmanner Passsabbave. The tredtweatG was foldoywed by rinsing
2.5h[err] H2/ f eedst ock 4.0 nol / nol .

with distilled water five times. The formed catalyst was

further treated with 30 ml of 5 wt% aqueous solution of
tartaric acid at 80-85°C for 4 hours. The treating
solution was discarded and the treatment was followed by
rinsing with distilled water five times. For impregnation
with rhenium, the formed cafalyst was immersed in 21 g of
water containing 0.039 g of rhenium (VII) oxide (Re;0;)
dissolved therein for 4 hours. After removal of the
treating solution by filtration, the formed catalyst was
dried overnight at 120°C and then calcined in air at 540°C
for 2 hours. Thus there was obtained the catalyst J, which- -
contains 15.5 pbw of alumina and 0.067 pbw of rhenium
(equivalent to 0.433 pbw.for. 100 pbw of alumi-na) for 100
pbw of mordenite (dry base).
Comparative Example 4

A paste mi.xture- was prepared from 32.1 g of the
mordenite powder prepared as mentioned above (containing
93.8 wt% mordenite), 92.0 g of alumina powder of boehmite
structure (a-alumina monohydrate) (containing 76.1 wt%
Al,0,, SCF type, from Cond.fa Co.), 80 g of alumina sol
(containing 10 wt% Al,0;, "Colloidal Alumina 200", from
Nissan Kagaku), 10 g of alumina gel powder (containing 70

wt% Al,0,, "Cataloid AP (C-10)", from Shokubai Kasei), and



Table 1 Desti nation Metal content (pbw) per Conversion (w %

Xyl ene yields (g) per of catal yst 100 pbw of nordenite of

et hyl t ol uene 100 g of feedstock Catal yst B Re 0. 152

95.5 31.6 Catal yst C Pt 0. 004 97.7

29.0 Catal yst D Ni 0. 247 94. 8 30.3
16 It is noted fromTable 1 that the catal ysts of the present

i nvention exhibit the high activity of #®al kyl ation and transal kyl ation
and realizes the high yields of xylene. Example 5 The sane procedure

as in Exarill g lofvadistprieddwatergi vafitter daieddisng Efexcepbuthdt hiowe ,anount
of rhenium (VIl) oxide was changed to 0.078 g. The catal yst E contains
66.5 pbw tdfe gpasieawand fored pintof pehéatam( (-@quuwairndiapeteri@ndbw
for 100 pbw of alumina) for 100 pbw of nordenite dry base). Exanple 6
The sanme prdtedlr dangln whiahl everewedriegemvarnightyi ot 110Gt al e F
X ol st Mrad spablebse equivalant £ 18¥g Uy base, Swere’ calcinkd
in air at 400°C for 2 hours. On cooliﬁg in a desiccator,
there was obtained the desired formed catalyst.
The formed catalyst (15 g) was treated with 30 ml of
10 wt% aqueous solution of ammonium chloride at 80-85°C for
1 hour. The treating solution was discarded and treatment
was repeated with a fresh solution four times in the same
manner as above. The treatment was followed by rinsing
with distilled water five times. The formed catalyst was
further treated with 30 ml of 5 wt% aqueous solution of
tartaric acid at 80-85°C for 4 hours. The treating
solution was discarded and the treétment was followed by
rinsing with distilled water five times. For impregnation
with rheni'um, the formed catalyst was immersed in.21 g of
water containing 0.039 g of rhenium (VII) oxide (Re;0;)
dissolved therein for 4 hours. After removal of the
treating solution by filtration, the férmed catalyst was
dried 6vernight at 120°C and then calcined in air at 540°C
for 2 hours. Thus there was obtained the catalyst K, which

contains 293.3 pbw of alumina and 0.591 pbw of rhenium

(equivalent to 0.201 pbw for 100 pbw of alumina) for 100

pbw of mordenite (dry base).



pbw of alum na and 0.686 pbw of rhenium (equivalent to 1.03 pbw for 100

pbw of alum na) for 100 pbw of nordenite (dry base). Conparative Exanple

1 The sane procedure as in- Exanple 1 was repeated to give the

catal yst G except that the treatnent with rhenium (VI1) oxide was omtted.

The catal yst G contains 66.4 pbw of alumna for 100 pbw of nordenite (dry

‘base). Conparative Exanple 2 The sanme procedure as in Exanple 1 was

repeated to give the catalyst H except2lhat the amount of rhenium (VII)

17 oxide was changed to 0.0059 g. The catalyst H contains 66.5 pbw of

al um na andExampbe pBw of rheni um (equivalent to 0.063 pbw for 100 pbw of

alumna) for 100 pbw of nprdenite (dry base). Exanple 7 The sane

procedure as in E@npFatalyats, eBeatdd t3dgike (FRCRERG v 1MQEAQIB LR nat

t he amount of rheni um VI&L .oxi de was chaggfd to 0,59 g. The cgtal st |
alumina content) d e

cont ai ns 6ec®ntent an re evaluat in t ame
manner as in Example 4. The results afe shown in Table 3.
It is noted from Table 3 that the catalyst B (containing
20-150 pbw of alumiﬂa for 100 pbw of mordenite) exhibits
the high aqtivity of dealkylation and transalkylation and

realizes the high xylene yields.

Table 3
Destination Alumina content (pbw) per Conversion (wl%) | Xylene yields (g) per
of catalyst 100 pbw of mordenite of ethyltoluene | 100 g of feedstock
Catalyst B 66.5 95.5 31.6
Catalyst J 15.5 47.7 18.4
Catalyst K 293.3 45.9 17.6
Example 10

The catalysts B, H, and J were evaluated in the same
manner as in Example 4 to see how the xylené yields change
with time. The results are shown in Table 4. It is noted
from Table 4 that the catalyst B (containing 20-150 pbw of
alumina and at least 0.05 pbw (as metal) of rhenium for 100
pbw of mordenite) exhibits thé'high activity which 1lasts

for a long period of time.



pbw of alumina and 1.77 pbw of rhenium (equivalent to 2.66 pbw for 100 pbw
of alumna) for 100 pbw of nordenite (dry base). Exanple 8 The
catalysts B and Eto | (varying in rhenium content) were eval uated
in the sane manner as in Exanple 4. The results are shown in Table 2. It

Is noted fromTable 2 that the catalysts B, E, F, and | (containing 0.05
pbw of rheniumas netal) exhibit the hlgh activity of deal kylation and
transal kyl ati on and realizes the high y | d of xylene, whereas the

catalyst | is slgghtly | ower in xylene yields than the catalysts B, E and
F (due to ition of CJerr] alkylaromatic hydrocarbons) despite
its high percent conversion of ethyltoluene |t is understood that the
preferred rtheni um content is 0.0p-1. SxpBW el (PR § Qlteedd@& PDW [of
nordenite. | The &giial (‘yci,&,ﬁaug, and | ' ' t ol uene
and |l ow in |xyl ene yields After 6 hours Aller 500 hours 18 Table
2 Catalyst B 31.6 31.2

Catalyst H 19.0 11.8

Catalyst J . 18.4 9.9

Example 11

A paste mixture was prepared from 74.5 g of mordenite
powder. (JRC-%2-M 15, silica/alumina molar ratio = 15.0,
mordenite content 93.9 wt%) as the reference catalyst
specified by the Society of Catalyst, the Committee of
Reference Catalyst, 39.4 g of alumina powder of boehmite
structure (a-alumina monohydrate) (cdntaining 76.1 wt%
Al,0;, SCF type, from Condia Co.), | 80 g of alumina sol
(containing 10 wt% Al,0;, "Colloidal Alumina 200", from
Nissan Kagaku), 10 g of alumina gel powder (containing 70
wt% Al,0;, "Cataloid AP (C-10)", from Shokubai Kasei), and
. 10 g of distilled water. After kneading for about 1 hour,
the paste was formed into pellets (1.2 mm in diameter and
1.0 mm long), which were.dried overnight at'120°c. The
dried pellets, equivalent to 15 g dry base, were calcined
in air at 400°C for 2 hours. On cooling in a desiccator,
there was obtained the desired formed catalyst.

The formed catalyst'(ls g) was treated with 30 ml of



Desti nation Rheni um cont ent ( pbw) Conversion (wt% Xylcne yields (Q)
per of catal yst per 100) pbw of nordenite of ethyl !l ol uene 100 g of

f eedst ock Catal yst B 0. 152 95.5 31.6

Catal yst E 0. 267 © 96.7 31.7 Catal yst F

0. 686 98.1 30.7 Catalyst G 0

12. 3 9.8 Catalyst H 0.042 48. 7

19.0 Cat al yst I 1.77 23 97.8 26. 6 Conparative
Exampl e 3 paste m.xture was preparéd from106.6 g of the nordenite
powder prepsl éfbt*asawv%nﬁalabbve PEOHF‘EPHFH@‘ cbéoglﬂ@o/oaﬁoﬂ&aﬁﬁ& fom g

of al um na sol Sconta ni ng 10 mﬁ@b 203 "Cbllaldal 200", from
Ni ssan Kagakuyouie gT Sfh $%Hﬂ%rw?ﬁo PﬁFﬁFﬂ& Y

" Cat al d AP 10", f Sh kub K f d |l ed

e E'neadﬁ%(rspe boeh W Ef%éhpgsf‘g)%ag Tt s o L helthe: ssa('“"?et o
di t t 2

he h?f“ZdeL ?ﬂ““’%f-l STAbOREL. e SEAEH a8y A lted oy Riflddrg

400 C | d

obt Eme;\:a!j the esi r%%%lglrer%dgégtggloyfs{% s 'el'?\:a%‘fhoq:t ré F‘f"?é?ﬁ( 1""5"%*5 was

reated i tnaRih, Obhe ForWe AUEPUE SR | DiinShoddTRR 9T Pl I e

80-85[err]C for i hour. The treating solution was discarded and treat nent
containing 0.039 g of rhenium (VII) oxide (Re;0;) dissolved

therein for 4 hours. After removal of the treating
solution by filtration, the formed catalyst was dried
overnight at 120°C and then célcined in air at 540°C for 2
hours. Thus there was obtained the catalyst L, which
contains 67.1 pbw of alumina and 0.157 pbw. of rhenium
(equivalent to 0.234 pbw for 100 pbw of alumina) for 100
pbw of mordenite (dry base). |

Example 12

The same procedure as in Example 11 was repeated to
give'the catalyst M, except that the mordenite powder was
replaced by 75.2 g of mordenite powder (JRC-Z-M 20,
silica/alumina molar ratio = 20.1, mordenite content 93.1
wt%) as the reference catalyét specified by the Society of
Catalyst, the Committee of Reference Catalyst. The
catalyst M contains 66.5 pbw of alumina and 0.168 pbw of
rhenium (equivalent to 0.253 pbw for 100 pbw of alumina)
fér 100 pbw of mordenite (dry base).

Comparative Example 5



19 was repeated with a fresh solution four tines in the same manner as
above. The treatnent was followed by rinsing with distilled water five
times. The formed catal yst was further treated with 30 m of 5 wt % aqueous
solution of tartaric acid at 80-85[err]C for- 4 hours. The
treating solution was discarded and the treatnent was followed by rinsing
wth distilled water five tinmes. For igpregnation wth rhenium the forned
catal yst was inmersed in 21 g of watef*containing 0.039 g of rhenium (VII)
oxide (Re[err]Or) dissolved therein for 4 hours. After renoval of

the treating svhdt isamedyptotédareons tive Eaampdecdilal wyas wepeatededto
overnight at 120[err]C and then calcined in air at 540[err]C for 2 hours.
Thus t heregiwe aheaigethliwt ct alexsept, tlidtchtheompadesit® powdenfwasuni na
and 0. 067 pbw of rhenium (equivalent to 0.433 pbw for 100 pbw of al um na)
for 100 pbepdacedrdbyitd6(.dry doasy) . maysignita i \powdempl TRC-2-M 10,

paste m xture was prepared from 32.1 g of the mor deni t e powder
prepared asidigei/srumizmpoveolabnatiiong™ 9%3.8 MendentBeniqantendy $2400f
al um na powder of bgehmte L. .
wt%) as the reference catalyst specified by the Society of
Catalyst, the Committee of Reference Catalyst. The
catalyst N contains 68.2 pbw of alumina and 0.157 pbw of
rhenium (equivalent to 0.230 pbw for 100 pbw of alumina)
for 100 pbw of mordenite (dry base).

Example 13

An amount of 107.4 g of mordenite powder (JRC-Z-M 20)
was treated with 200 ml of conc. hydrochloric acid at
80-85°C for 24 hours. The treating solution was discarded
by filtration and the treated mordenite powder was washed
repeatedly with distilled water until chlorine ions were
not detected any longer in the washings and then 'qlried
-overnight at 120°C. A paste mixture was prepared from 70 g
‘of the treated mordenite powder (silica/alumina molaf ratio
= 28.1), 39.4. g of alumina powder of boehmite structure (o-
alumina monohydrate) (containing 76.1 wt% Al,0,, SCF type,-
from Condia Co.), 80 g of alumina sol (containing 10 wt%
Al,0;, "Colloidal Alumina 200", from Nissan Kagaku), 10 g
of alumina gel powder (containing 70 wt% Al,0,, "Cataloid

AP (C-10)", from Shokubai Kasei), and 10 g of distilled

water. After kneading for about 1 hour, the paste was

’



strﬁcture ([err]-alum na nnnohydratef (containing 76.1 wt% A1203, SCF
type, fromCondia Co.), 80 g of alum na sol (containing 10 wt % A1203,

"Colloidal Alumina 200", from Ni ssan Kagaku), 10 g of al um na gel
powder (containing 70 W% Al[err]03, "Cataloid AP (C10)", from Shokubai
Kasei ), and 20 10 g of distilled

wat er. After kneading for about 1 hour,  _the paste was fornmed into pellets
(1.2 Mmin dianeter and 1.0 mm | ong), #Ri ch were dried overni ght at
120[err] C. The dried pellets, equivalent to 15 g dry base, were cal ci ned

in air at 4@0kmed] Grityy pelbbets. (M 206l i 11y dDaRedesi @dd Ar.0 mhelenyds

obt ai ned the desired forned catal yst. The formed catal yst (15 g) was
treated w t whichniweafe d@ieti%cpemighisobtt i1R0%f. anel uriodd opedéetts,
80-85[err]C for 1 hour. The treating solution was di scarded and treat nent
was repeat eéquiivvialenftr dxh kbl gt doy base ,t iwese icaldimeshnin asnnat 49036ove.
The treatnment was followed by rinsin wth distilled water five tinmes. The

forned cat af@st Rashorgsther @newwgiﬂlgh By m desiogakaiyueferso| waison
of

obtained the desired formed catalyst.

For impregnation with rhenium, the formed catalyst was
immersed in 21 g of water containing 0.039 g of rhenium
(VII) oxide (Re;0;) dissolved therein for 4 hours. After
removal of the treating salution by filtration, the formed
catalyst was dried overnight at 120°C and then calcined in
air at 540°C for 2 hours. Thus there was obtained the.
catalyst O, which contains 65.9 pbw of alumina and 0.148
pbw of rhenium (equivalent to 0.224 pbw for 100 pbw of
alumina) for 100 pbw of mordenite (dry base).

Comparative Example 6 .

An amount of 107.4 g of mordenite powder (JRC-Z-M 20)
was treated with 200 ml of conc. hydrochloric acid. at
80-85°C for 24 hours. The treatment was fepeated with 200
ml of fresh conc. hydrochloric acid .in the same manner as
above. The {:reating solutidn was discarded by filtration
and the treated mordenite powder was washed repeatedly with
distilled water until chlorine ions were not detected any
longer in the washings and then dried overnight at 120°C.
A paste mixture was prepared from 70 g of the treated

mordenite powder (silica/alumina molar ratio = 35.3), 39.4



tartaric acid at 80-85[err]C for 4 hours. The treating solution
was di scarded and the treatnent was followed by rinsing with distilled
water five tines. For inpregnation wth rhenium the forned catal yst was
imersed in 21 g of water containing 0.039 g of rhenium (VIIl) oxide
(Re207) dissolved therein for 4 hours. After renoval of the treating
solution by filtration, the forned cataz%st was dried overnight at
120[err]C and then calcined in air at 540[err]C for 2 hours. Thus there
was obtained the catal yst K which contains 293.3 pbw of alum na and 0.591

pbw of rhe uf (e’c?LH“!/‘d}%ntPQ‘@Q)‘T 2t pphrelriteo §5W6Fu§?um(ﬁa§lf1@|’-n§00
pbw of nordenit

e (dry base _
Exanpl e 9 mO“OhYF’ET@ I(Fsc’c"é:aBnlj‘g an@ -k (¥8PyidbkOn mffetivne. cSHPé‘nt
and al um na content vvere eval u fat efl in the iarre manner as in Exanﬁ
The resul t £ )i n8%ag % alyping ggled condAindmde X (wht 4 193'

catal yst B (c i ya P9 220150 RRW-0f 3yt ng, for 109, pbw of rpg deni te)
alumina gel powder (containing 70 wt% Al,0;, “Cataloid AP
(C-10)", from Shokubai Kasei), and 10 g of distilled water.
After kneading for about 1 hour, the paste was formed inﬁo
pellets (1.2 mm in diameter and 1.0 mm long), which were
dried overnight at 120°C. The dried pellets, equivalent to
15 g dry base, were calcined in air at 400°C for 2 hours.
On cooling in a desiccator, there was obtained the desired
formed catalyst.

For impregnation with rhenium, the formed catalyst was
immersed in 21 g of -water containing 0.039 g of rhenium
(VII) oxide (Re207) dissolved therein for 4 hours. ' After
removal of the treating solution by filtration, the formed
catalyst was dried overnight at 120°C and then calcined in
air at 540°C for 2 hours. Thus there was obtained the
catalyst P, which céntains 65.9 pbw of alumina and 0.163
pbw of rhenium (equivalent to 0.247 pbw for 100 pbw of
alumina) for 100 pbw of mordenite (dry base).

. Examples 14

The catalysts L to P (varying in the silica/alumina

molar ratio of mordenite) were evaluated in the same manner

as in Example 4. The results are shown in Table 5. It is



the high activity of dealkylatioh and transal kyl ation and realizes the

hi gh xyl ene yields. Table 3 Destination Al um na content (pbw) per
Conversion (W% Xyl ene yields (g) per of catalyst 100 pbw of

nor deni te of ethyltol uene 100 g of f.eedstock Catalyst B 66.5
95.5 31.6 Catalyst J 15.5 47.7 18. 4
Catal yst K 293. 3 45. 957 17.6 Exanpl e 10

The catalysts B, H and J were evaIUated_in the sane nmanner as in Exanple
Tabl o 4. RPtPd nEYER  FRBIETAS o Fathattihe CARAAEAES B Y eorlai M) 28 150
ot doni t o) {ERFRTRENE, A e T uRB LAl Bhandd *Botdr Face 7
;;rghe yiefﬁgm(gs Hé? 186 ngﬁh?gghg?g%khigh2é§f§?§§?'3@%i%%%%$%%at13?ter 6

hour's 'AftShdSQQaRQHrliflatio%tﬁd’sﬂezﬁizes the hight fylene yields3l 2
Catal yst H 9.0 11.8

Table 5
Destination Silicafalumina molar ratio Conversion (wt%) Xylene yields (g) per
of catalyst of ethyltoluene 100 g of feedstock
Catalyst L 15.0 93.2 31.0
Catalyst M 20.1 94,7 31.5
Catalyst N 9.8 46.2 18.0
Catalyst O 28.1 91.5 30.6
Catalyst P 35.3 48.8 18.8
Example 15

A -paste mixture was prepared from 74.6 g of the
mordenite powder prepared as mentioned above (containing
93.8 wt% mordenite), 39.5 g of alumina powder of boehmite
structure (a-~alumina monoﬁydrate) (containing 76.1 wt%
Al,0,, SCF type, from Condia-Co.), 80 g of alumina sol
(containing 10 wt% Al,0;, "Colloidal Alumina 200", from
Nissan Kagaku), 10 g of alumina gel powder (containing 70
wt% Al,0;, "Cataloid AP (C-10)", from Shokubai Kasei), and
10 g of distilled water. After kneading for about 5 hours,
the paste was formed into pellets (1.2 mm in diameter and
1.0 mm. long), which were dried overnight at 120°C. The

dried pellets, equivalent to 90 g dry base, were calcined



Cat al yst J

18.4 9.9 Exanpl e 11 A paste

m xture was prepared from74.5 g of nordenite powder (JRC Z-M 15
silica/lalumna nolar ratio = 15.0, nordenite content 93.9 W% as the
reference catal yst specified by the Society of Catalyst, the Conmttee of
Ref erence Catal yst, 39.4 g of alum na powder of boehmte structure
([err]-alum na nonohydrate) (containing 76.1 wt% Al[err]03, SCF type,
Condia Co.), 80 g of alum na sol (cont£QNr@ 10 % Al [err]03, "Coll oi

70" w6 ALE5 AL 6l AP Rp T 1h)ROURR O SO L ICbR) 3 SRS CER (5t

distilled
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1 hour. The treating solution was dlscarded and treatment
was repeated with a fresh solution four times in the same
manner as above. The treatment was followed by rinsing
with distilled water five times. The formed catalyst Q was
further treated with 30 ml of 5 wt% aqueous solution of
tartaric acid at 80-85°C for 4 hours. The treating
solution was discarded and the treatment was followed by
rinsing with distilled water five times. For impregnation
with rhenium, the formed catalyst Q was immersed in 21 g of
water containing 0.039 g of rhenium (VII)- oxide (Rey0;)
dissolved therein for 4 hours. After removal of the
treating solution by filtration, the formed catalyst Q was
dried overnight at 120°C and then calcined in air at 540°C
for 2 hours. Thus there was obtained the catalyst R, which
contains 66.5 pbw of alumina and 0.159 pbw of rhenium
(equivalent to 0.239 pbw for 100 pbw of alumina) for 100
pbw of mordenite (dry base).
Comparative Example 7

A paste mixture was prepared from 74.6 g of the
mordenite powder prepared as mentioned above (containing

93.8 wt% mordenite), 39.5 g of alumina powder of boehmite



23 10 wt % aqueous solution of ammonium chloride at 80-85[err]C for 1
*hour. The treating solution was di scarded and treatnment was repeated with
a fresh solution four tinmes in the sane nanner as above. The treat ment
was followed by rinsing wth distilled water five tines. For

i npregnation with rhenium the forned catalyst was imersed in 21 g of
water containing 0.039 g of rhenium (VIl1) oxide (Re[err]O7) dissolved

therein for 4 hours. After renoval29 of the treatl ng solution by
filtration, the forned c st was dé&& overnl at 120[grr]C and t hen
cal ci ned ﬁ{'réﬁcrt“&’ce 54 %r pong Eate)ThL(lg “Fﬁ‘él“é'\ﬂas Sotai t he

(oqui val effe 03555 %i‘a' Pir 198 Bbe atnnia) Sord 163" BOARERR rbeni t e
ﬁ%&?ié?@co%&"%rﬁ%ﬁq a4 "B Gcepboligs eﬁea%'vﬁéﬁ??%%er TR
ati o = 20 iEsuh Rafpklodtlrd 55“%3%%5%5 Sy HeOYaed: Sl AAERE 7B
ralyst. W BRI y%"fa‘){?con{* 80005 el sho R KASFFLRL o
10 g of distilled water. After kneading for about 20
minutes, the paste was formed into pellets (1.2 mm in
diameter and 1.0 mm long), which were dried overnight at
120°C. The dried pellets, equivalent to 90 g dry base,
were calcined in air at 400°C for 2 hours. On cooling in a
desiccator, there was obtained the desired formed catalyst
S.
The formed catalyst S8 (15 g) was treated with 30 ml of
10 wt% aqueous solution of ammonium chloride at 80-85°C for
1 hour. The treating solution was discarded and treatment
was repeated with a fresh solution four times in the same
manner as above. The treatment was followed by rinsing
with distilled water five times. The formed cataljrst S was
further treated with 30 ml of 5 wt$%$ aqueous solution of
tartaric acid at -80-85°C for 4 hours. The treating
solution was discarded and the treatment was followed by
rinsing with distilled water five times. For impregnation
with rhenium, the formed catalyst S was immersed in 21 g of
water containing 0.039 g of rhenium (VII) oxide (Re,;0)

dissolved therein for 4 hours. After removal of the



rheni um (equival ent to 0.253 pbw for 100 pbw of alumna) for 100 pbw of
“nmordenite (dry base). Conparative Exanple 5

24 The sane procedure as in Exanple 11 was repeated to give the
catalyst N, except that the nordenite powder was replaced by 76.1 g of
nordeni te powder (JRC-Z-M 10, silica/alumna nolar ratio = 9.8, nordenite
content 92.0 wt% as the reference catalgst specified by the Society of
Catalyst, the Conmittee of Reference Qatalyst. The catalyst N

cont ai nslggéég\%g\évf %Hlﬁt&rg@%fgfiffﬁﬁé‘g'gpw the FoaRiddNdAGipA! eftywae 0. 230

pbw f or alumna w bf nordenite (dry base). Exanple

13 18P Werfi ghY7 ot 01 e 0BRGN EhenDeudes: el Gy M 20t Sagocr eat ed
with 200 of conc. drochloric acid at 80-85[err]C for 24 hours. The
treating gghlbi fousas dittiay datbrdwdd |dl5edined athet batalgated, nwhdehi te

powder was washed repeatedly with distilled water until chlorine ions were

contains 66.4 pbw of alumina and 0.161 pbw of rhenium
(equivalent to 0.242 pbw for 100 pbw of alumina) for 100
pbw of mordenite (dry base).
Example 16

The catalysts B, R, and T (varying in the duration of
kneading) were observed under an SEM to examine the maximum
diameter of secondary particles of mordenite in the
catalyst. ~ The results are shown in Table 6, and SEM
photographs are shown in Fig. 2.to 4. It is noted from
Table 6 that the diameter of secondary particles of

. mordenite in the catalyst decreases according as the

duration of kneading increases at the time of catalyst

preparation.
Table 6
Destination |  Maximum diameter of Conversion (wt%) | Xylene yiclds (g) per
of catalyst secondary particles of of ethyltoluene 100 g of feedstock
mordenite (pum)
Catalyst B 7 : 95.5 -31.6
Catalyst R 3 96.8 31.8
Catalyst T 20 78.9 25.1
Example 17

The catalysts B, Q, and R were evaluated in the same



not detected any longer in the washings and then dried overnight at
120[err] C. -A paste m xture was prepared from70 g of the treated nordenite
powder (silica/alumna nolar ratio = 28.1), 39.4 g of alum na powder of
boehm te structure ([err]- alum na nonohydrate) (containing 76.1 w %

Al 203, SCF type, fromCondia Co.), 80 g of alum na sol (containing 10 wt %
A1203, "Coll oidal Al um na 200", from N ssan Kagaku), 10 g of alum na gel
powder (containing 70 wt % Al20[err], "Catlloid AP (G- 10)", from Shokubali

Kasei). anghd0eg gL E.’hSEanSQe ¥ALET seehb® th@e%%ggﬁﬁcfﬁ%%n%% 0 et s

the paste Wwa
1.2 0 I t
( s ?ﬂ?ﬁ |ed p i BEQREté#h §°H&§§§ SEEigg%ga€%Fcined

120[err]C llets, equivalent to

in air at ﬂQP&éﬁiL@ BOEherBQHéa caﬂalyéﬁﬂﬂ'fﬂb P €854 £€ 3 REwn 1Here
was obtained the de5|red fornmed catal yst. For 1 npregnation wth

rhenium togbierned catal ybé wWasted MiRbREITAP1El @ @hatt @heCOfaBaADYEH
0.039 g of rhenium (VII) oxide (Re207) dissolved therein for 4 hours.
After exhibits the higher activities of dealkylation and
| transalkylatidn according as the diameter of secondary
particles of mordenite decreases. It is necessary that the
maximum diameter of secondary particles be smaller than 10
pm.
Example 18
The catalyst B was evaluated in the same manner as in
Example 1 using feedstocks varying in the ratio of
trimethylbenzene (TMB for short) to ethyltoluene (ET for
short). The results are shown in Table. 7. It is noted
from Table 7 that the xylene yields are high when the

feedstocks contain more than 5 wt% ethyltoluene.

Table 7
ET/(TMB +ET) ratio in feedstock (wt%) . Xylene yields (g) per 100 g of feedstock
0 18.5
5 20.8
10 23.2
20 37.3
35 31.6
50 31.1
65 27.7




removal of the treating solution by filtration, the formed catalyst was
»dried overnight at 120[err]C and then calcined in air at 540[err]C for 2
hours.’ Thus there was obtained the catalyst O which contains 65.9 pbw
of alum na and 0.148 pbw of rhenium (equivalent to 0.224 pbw for 100 pbw
of alumna) for 100 pbw of nordenite (dry base). Conparative Exanple 6

An anmount of 107.4 g of nordenite powder 56JRC-Z-M 20) was treated with 200
m of conc. hydrochloric acid at 80-85[err]C for 24 hours. The treatnent
was repeaﬁgd Wi h EQO m of fresh conc. hydrochloric acid in the sane
manner as he treating solution was discarded by filtration and

the treated ”Dr'ﬁ?é" EE£RIYEE" B35 %aiﬁdkxe“ﬁsfaﬂe Hatindr &k W er
any

until chlorine T'ons were~“not detecte onger i1 n the washings and then
dried over 18t 4189Lﬁgf ]f@edsféoe&%t 4 nEotigHra tiRS WL P aidgh TN €o Of

the treate rdenite powder (silica/alumna nolar ratio = 35.3), 39.4

26 g of afgg B%wp%rpei:fégﬁaﬂbéeoﬁrw‘éwé@lléﬁlatmnas affected by
naphthalene in Cy alkylaromatic hydrocarbons. The results
are shown in Table 8. It is noted from Table 8 that the
xylene vyields decrease according as the amount of

naphthalene in feedstock increases. It is necessary that

the amount of naphthalene in feedstock be less than 0.5

wtd.
Table 8
Amount of naphthalene in feedstock (wi%) Xylene yields (g) per 100 g of feedstock
0 31.6
0.10 ' 31.5
0.28 31.2
0.45 30.4

0.98 _ 27.3
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Reaction conditions:
Temperature:
Pressure:
WHSV (weight space velocity)

H,/feedstock:

400°C

3 MPa-G
2.5 ht
4,0.mol/mol

Percent conversion of ethyltoluene (wt%) = (A - B)}/A x 100

where A : concentration of ethyltoluene in.feedstqck (wt$)

B : concentrafion of ethyltoluene after reaction (wt%)
2. A catalyst composition as defined in Claim 1,

wherein the percent conversion of ethyltoluene is higher

than 80wts$.

3. A catalyst composition as defined in Claim 1 or
2, which contains mordenite, inorganic oxide and/or clay,
and at least one metal component selected from rhenium,
platinum, and nickel.

4. A catalyst composition as defined in Claim 1 or

2, wherein the amount of inorganic oxide and/or clay

This Sheet Has Been R
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27 noted from Table 5 that the catalysts L, M and O (containing

mor deni te I i na m)lar ratio is from15to 30) exhibits the
hi gh acti Vm"mmllwmﬂm and transal kyl atfi re—+-eakzes.t he high
xyl ene yiel 8s.¢ Tablue Destl nation Silicald EFrdiASr BEEN { o
Conversion (W% Xylene yields (g) per of cat aI ysBEPLACED of
ethyltoluene 100 g of feedstock Cat gl yst L 1570 93.2

31.0 Cat al yst M 20.1 94. 7 - 31.5 Cat al yst N
8'185 (com%ég’%gt &} alJ.S 2%8190 Eg@:alé/rﬁi Lhe amoaﬂt QPf rhenium

Exanpl e 15 (comporenfa@lye i X4l Sed8E BN OBAIH f(é%'nrzétglg QBrt t1‘!)0 pbw
nor deni te pomder prepared as nentioned above (containing "93.-

nor deni t e) ,oﬁ%ér@eﬁitél YL oﬁ@ﬁ(ﬁElA)Qf boehmte structure (a aI um na
nonohydrate) (containing 76.1 wt% AI'203, SCF type from Condira Co.), 80 g
of alum na sol gcontai mangly&w%@ésitwﬁ asCeldfuindal #huglaam2Q0"erfrom
Ni ssan Kagaku), 10 g of alum na gel powder (containing 70 -

2, wherein the amount of component B is 25-150 pbw and the

18. 8

amount of component C is 0.05-1.5 pbw (as metal) for 100
pbw of component A.

6. A catalyst composition as defined in Claim 1 or
2, wherein the amount of component B is 40-150 pbw and the
amount of component C is 0.05-1.5 pbw (as metal) for 100
pbw of component A.

7. A catalyst composition as defined in Claim 1 or
2, wherein the amount of component C is 0.1-2.0 pbw (as
metal) for 100 pbw of component B.

8. A catalyst composition as defined in Claim 1 or
2, wherein the amount of inorganic oxide and/or clay
(component B) is 25-150 pbw and the émount of platinum
(component D). is 0-0.005 pbw (as metal) for 100 pbw of
mordenite (component A).

9. A catalyst composition as defined in Claim 1 or'
2, wherein the amount of component B is 40-150 pbw and the
amount of compc;nent D is 0-0.005 pbw (as metal) for 100 pbw
of component A.

10. A catalyst composition as defined in Claim 1 or

2, wherein the amount of inorganic oxide and/or clay

This:Sheet Has Been
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%AlW— 10)", from Shokubai Kasei), and 10 g of
distill Aft er kneadi ng for about 5 houj f or med
into pe @/]Q di ameter and 1.0 mm | ohFHIS BHEEThHARBEENr) ed
over ni ght / The dried pellets, epui valmAgED 90 g |dry base,

wer e cal ci ned 28—tmarT—at 400[err]C
for 2 hours. On cool i ng in a desiccator, there was obtained the desired
formed catal yst Q The forned catally%t Q (15 9) vvas treated with. 30
m of 10 wt % aqueous sol utjon of ammonium chloride at 80-85[err]Cf

hour. The t{SAMPPRCREI UB) o Sas? ' sttr dRY afdd r & ?rreﬁl“°uﬂl§rs ?répe%’t%]ﬂeh th

as fol| 3%@5%@3?{\%? ) o eh QT TEaPRH: A | DSt RF heaomn 0P oG OF
catal yst Q ther. treate th 30 M of 5 wt % aqueous sol utlon of
tartaric a%?ﬁde'é%E cggtpgpﬂr% \Xf) 4 hours. The treating solut | on

i 5 s e end e T Vb O, B, 44, M 18 | 5

was immersed i f§hdlednOfthe amount of component B is 40-150 pbw and the
amount of component E is 0.05-1.5 pbw (as metal) for 100
pbw of component A.

12. A catalyst composition as defined in any of
Claims 3 to 11, wherein the mordenite of component A is of
hydrogen-type.

13. A catalyst composition as defined in any of
Claims 3 to 12, wherein the mordenite of component A is one
in which the silica/alumina molar ratio is 15-30.

14. A catalyst composition as defined in any of
Claims 3 to 13, wherein the 'iho"rganic oxide of component B
is one member selected from the group consisting of
alumina, silica-alumina, silica, titania, and magnesia.

15. A catalyst composition as defined in Claim 14,
wherein the inorganic oxide of component B is alumina..

16. A catalyst composition as defined in Claim 15,
wherein the alumina is of boehmite structure.

17. A catalyst composition as defined in any of
Claims 3 to 13, wherein the -clay of - component B is one
member selected from the group consisting of

montmorillonite, kaolin, sepiolite, and acid clay.

Sheet Has Been Re laoed

\mwmm\




wat er contaimmg 0639 g of rhenium (VII) oxide (Re207) dissolved therein

fo r renoval of the treatinge~solution.by filtration, the
fommr@ﬂ{ﬁ!'”ﬂlﬂmgas dried overnight at 120[ THISCSHEET HA8BEENI ci ned in
ai rafte r «10r 2 hours. Thus there was ¢pbtai RgPLRDED cat alyst R

whi ch contains 66.5 pbw of alum na and 0.159 pbw-of—rHenrom—{equi val ent

to 0.239 pbw for 100 pbw of alumna) for 100 pbw of nordenite (dry base).
Conpar ati ve Exanple 7 A paste ni x8fre was prepared from74.6 g of the

nor deni t e powder_ prepared as, nenti oned ahqve (containjn 93. 8 %

nor deni te)l,o 39. 51§‘ oPﬁal‘iﬁﬁaﬂa}’ﬁomﬁé’f“p&s%&é’rﬁé?ﬁ definda 1w “clatm 2,

29 structure err]-al unm.na_mpnohydrate cqQnt ai.ni 76. 1 % 3.. SCF
type, from‘&%%%’an }.‘?,mgﬁ ang?_ea mcr?gli)?&(en%(?bﬂt“aiq%\eng%x%ﬁ (%5311 ,t

(cont i i ng 98 iy, Adsaghint it SpaEAR, SFOTEHonthed B ELER HimaPRIET

10 g of di s{__ﬁé}legovxﬁltﬂgr. After kneadi ng for about 20 ,

19. A catalyst composition as defined in Claim 2,
wherein the mordeﬁite of component A in the formed catalyst
has the maximum diameter of secondéry particles smaller
than 5 um.

20. A process for producing xylene from alkylaromatic
hydrocarbons (containing Cy alkylaromatic hydrocarbons),
said process ~ comprising dealkylation to convert
ethyltoluene into toluene and subsequent transalkylation to
convert toluene or toluene and trimethylbenzene in the (4
alkylaromatic hydrocarbons into xylene.

21. A process for producing xylene as defined in
Claim 20, wherein the percent conversion of ethyltoluene is
at least 50 wt%.

22. A process for producing =xylene as defined in
Claim 21, wherein the percent conversion of ethyltoluene is
at least 80 wts.

23. A process for producing xylene as defined in any
of Claims 20 to 22, wheréin the catalyst composition for
transalkylation of alkylaromatic hydrocarbons as defined in
any of Claims 1 to 19 is brought into contact with a

feedstock of alkylaromatic hydrocarbons containing Cq

. This.Sheet Has Been Rerlaced
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mnutmrmd into pellets (1.2 nmmin diameter and 1.0 nm

ong), I ed overnight at 120[err]C. The dried pellets,
eqU| vaI Ii ase, were calcined in air at 400[err]C for 2
on Eooh ng

hours. desi ccator, there waf eBCFm siired forned
catal yst S The formed cat aI yst S (15 ﬁ%\%ﬁ?éﬁ J\h 30 m of
10 wt % aqueous sol ution of ammoni um ch]oridejat 8 A 1C f 1 hour.
The treating sol ution was di scarded amf treatnent was repeated with a

L T e B S
giCisgar Sted ag;‘ﬂ??é’h[u]reee flﬁ‘r q}ﬁ Faene (? é%lél hg solution was r
five tines. Forri?rrpreg At 1 on %Igé enlﬁﬁgtﬁgﬂﬁ‘)‘??@w ?HFQE{(&ZEQJ}@G
(Roact orr) ) ol SRR LR poRasBoHE cBnta il g st

hydrocarbons in the presence of hydrogen by the aid of a

solid acid catalyst, characterized in that the
alkylaromatic hydrocarbon as the feedstock contains .less
than 0.5 wt% naphthalene.

25. A process for producing xylene by transalkylation
from alkylaromatic hydrocarbons as defined in Claim 24,
wherein thé alkylaromatic hydrocarbon as the feedstock
contains less than 0.3 wt% naphthalene.

26. A process for producing xylene by. transalkylation
from alkylaromatic hydrocarbons as defined in Claim 24 or
25, wherein the Cy alkylaromatic hydrocarbon undergo
distillation prior to transalkylation.

27. A process for producing =xylene as defined in
Claim 24 or 25, wherein the solid acid catalyst is the
catalyst fdr transalkylation of alkylaromatic hydrocarbons
as defined in any of Claims 1 to 19.

28. A 'process for producing xylene as defined in
Claim 20, wherein the alkylaromatic hydrocarbon as the
feedstock contains less than 0.5 wt% naphthalene.

29. A process for producing xylene as defined in
Claim 28, wherein the alkylarorﬁatic hydrocarbon as the

—_—
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30 thlltratlon theforrred'catalyst S was dried

overnl C and then calcined in air 2 hours.
Thus t @g the catal yst T, which [q8 of al um na
~and 0. 161 pbw 0 m (equivalent to 0.242 pbw quPUMprw ot al um na)

for 100 pbw of nordenite (dry base). Exanple The catal ysts B, R
and T (varying in the duration of kneg gi ng) were observed under an SEMto
exam ne the maxi num dianmeter of secondary parti cl es of nordenite in the

catal yst. The re ults are s in Table 6, and phot ographs are
shown’ i n’ Ffgedstegk (SORFiTe HSFéd"‘F‘P&n% Fabite GanhENATRIR anet or of
secondary parti nordenitg in th a.tal yst decreases agcor

thgI duration ogbkne dlﬂﬁo?ﬁﬁ‘fe 25 :Hrq “trf(-f’rexé’f ke aﬁ?st

T 6 t t t

y?el gs (9) C;l)grﬁ' %a I or% al st'gyénegloﬁ' ary Spar tkIyC| ersllvrg?ﬁéta% %&?‘E%&% 100
g of feedshgagrgg g:.stlllatlo:g\l péii%rga | te a{r{%fﬂﬁatlo Catalyst B 96. 8

31. 8 Catalyst T 20 78 9 25. 1 Exanpl e 17

_—
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The cat al ysts B, Q and R were evaluated in the sane
-31 manner as in Exanple 4 to see how the catalytic performance is

catal yst.

af fected by the dianeter of secondary particles THI he forned
The results are shown in Tabl e 6. It |§ SEEN4bl e 6
that the catalyst exhibits the higher activilties LAGEBal kyl ation and

-transal kyl ati on according as the dianeter of secondary particlés of
nor deni t e decr eases. i S necessary thajgthe rmaximum di anmeter of

secondary pa@iﬁﬁ?s@?:ﬁ{%éf{gdﬁ‘%&%nﬂﬁéﬂﬂﬂm ﬁlﬁxﬁﬁy AR ng

catal yst B was eval ua

e sane nmanner as 1 n

f eedst ocks varyi YDROGARBONS i AND fPRQCESE: tROR tanm{H'I(IWE)B‘ HYLENEB t) toO
et hyl toluene (ET for short). The results are shown in Table 7. It is

not ed

from T Table 7 that the xylene yields are high when the

conta| n nore than 5 wt % et hyl tol uene. Table 7

ABSTRACT OF THE DISCLOSURE
Disclosed herein is a catalyst composition for

transalkylation of  alkylaromatic hydrocarbons which

exhibits the percent conversion of ethyltoluene higher than.

50 wt%, is composed of mordenite (100 pbw), inorganic oxide
and/or clay (25-150 pbw), and at least one metal component
of rhenium, platinum, and nickel, and contains mordenite
such that the maximum diameter of secondary particles of
mordenite is smaller than 10 pm. Disclosed also herein is
a process for producing xylene by the aid of said cacalyst
from alkylaromatic hydrocarboﬁs containing Cy alkylaromatic
hydrocarbons containing more than 5 wt% ethyltoluene and

less than 0.5 wt% naphthalene, in the presence of hydrogen.

No - suitable figure .
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ET/ (TMB +ET) ratio in feedstock (w% . Xyl ene y|elds (g) per 100 g of

f eedst ock 0 5
20. 8 10 23.2 20
37.3 35 31.6 50
31.1 65 27.7

32 Exanple 19 The catal yst B was evaluated in the sane nmanner as in

Exanpl e 4 using feedstocks incorporated with naphthal ene to see how the
performance of transal kylation is affected by naphthalene in Cerr]

al kyl aromati c hydrocarbons. The results are shown in Table 8. It is
noted from Table 8 that the xylene yields decrease according as the
anount  of naphthal ene in feedstock |n§reases I S necessary that the
anount of napht hal ene in feedstock be W/éss than 0 5 w% Table 8

Amount of napht hal ene in feedstock (W% Xyl ene yields (g) per 100 g of
f eedst ock ' 0 : 31.6

0. 10 31.5 0.28

31.2 - ‘ .43
. y

i
=.
si\
o -
~ éf;? o
=R
3
L

R




0. 45 30.4 0.98 —
27.3.* WHAT IS CLAIMED I S; - 1. A cREPLACEMEND SHEBTgn
for transal kyl ation of alkylaromatic hydrocarbons c S df
nordenite (component A), 25-150 pbw of inorganic oxide an(yié I.ﬁé

(conponent B) and at |east 0.05 pbw (as netal) of rhegnijum™( F’Eo %t

),
ior] of
ndi ti ons. Feedst dqck

et hyl t ol uene hi gher than 50 wt % under the foll ow ng

conposi tion: Ratio of ethyltoluene to (trinethytrbenzeneptus

et hyl tol uene) = 35 mt % Reaction conditions: Tenper at ur e:
400[err] C Py o . , 4 3 MPa- G

VWHSV (wei ght space vel oci

H err]/feedst ock: i Per cent

conversion of ethyltolue ere A
concentrati-on of ethyltolk& B
concentration of ethylt ol R AR 2. A cat al yst
conposition as defined i S o o aesasaigaly er si on of
ethyltol uene is higher tly8 o AT ol iﬁﬁstxgonposition as

defined in daim1l or 2,
and the anmount of conpone
conponent A 4,
2, wherein the anmount o
conponent Cis 0.05-1.5 gonent A

5. 7 A catalyst conposi tHaaaes PP eI S aginer ei n t he amount
of conponent Cis 0.1-2.0 phroibemeiisr sk dfsdidinponent B.

I s725-150 pbw
gor 100 pbw of

‘ in daim1 or
anount of

. v, LRSI VA T TG
A RESRA .g‘d’iL’b“‘
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34 ~—— 6. A catal yst conposition as defi neg—a—any ICITN IE 193621 R 2
7.

5, wher ej ' of conponent A is of hydr

A cat al;m‘l“ m“B“ ﬁ'“\ms defined in daim1, wherfifi the nordeni ie jof

conponents Aci stone 1Hh which the silical/alumna nolfar ratz"g)ui_s‘?]ggsﬁ-éo.
" :

8. A catal yst conposition as defined i 3 aim 1 Mhérein e irorjgani c
oxi de of conponent B is one nenber sel ected from thelgredp—eorrs+stirjg of
alumna, silica-alumna, silica, titania, and magngsi a. 9. A
cat al yst conposwHAMISTIdESIMEDRAIS:n C ai m 8, wher ei Thorgant ¢ oxi de of
conmponent B is alum na. 10. A cat al yst conposition as defined in
Clai m9, wherein thd-al udt neatalystof cogenositione for r transaiiylation of alkylaromatie
catal yst conpogikl ' [ LAl erfi cleaay
of conponent Bﬁ?éfog%gaﬁnseg%tﬁgg% e@?gngf ?ﬁﬁﬂqr%ﬂ%rég%%%e%i t’iz(ri'ltgfsootff}gW 4
mont mor i | | oni t énorgand iogidesagl/or chp, (canpomeat B) cindyat least 0.05 pbw2(as métal) of
catal yst conposition as defined in C aim2, wherein the nordenite of

conpo nlent A i Inrhemlm eorappnent G). Nehich ischaractesized by its ab%i%mcheﬁveé%aﬁa@my
o | ned i n° G abgivgrsid of GunsRbbR higher then QNS under i BfShing BoRARMAL 01 o

cat al yst has t [Feedstockraompdsitiont:er of secondary particles smaller than 5
,[errlm '

Ratio of ethyltoluene to (trimethylbenzene plus ethyltoluene) = 35 wt%

Reaction conditions:

Temperature : 400°C
Pressure : 3 MPa-G
WHSYV (weight space velocity) 2.5 ht!
H,/feedstock: ' 4.0 mol/mol

Percent conversion of ethyltoluene (wt%) = (A - B)/A x 100
where A : concentration of ethyltoluene in feedstock (wt%)
B : concentration of ethyltoluene after reaction (wt%)

2. A catalyst composition as defined in Claim 1, wherein the percent
conversion of ethyltoluene is higher than 80 wt%.

3. A catalyst composition as defined in Claim 1 or 2, wherein the
amount of component B is 25-150 pbw and the amount of component C is 0.05-1.5
pbw (as metal) for 100 pbw of component A.

4. A catalyst composition as defined in Claim 1 or 2, wherein the
amount of component B is 40-150 pbw and the amount of component C is 0.05-1.5

pbw (as metal) for 100 pbw of component A.

5. A catalyst composition as defined in Claim 1 or 2, wherein the
- amount of component C is 0.1-2.0 pbw (as metal) for 100 pbw of component B.

Q2298 2
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14. \ process for producing xyl ene from al kyl ar g#®e

(cont al ni “mlmﬁl omati ¢ hydrocarbons), SREPMQ)E

deal kyl at HI,mmnm hyl t ol uene into tol uene a a SUBSequent
transafkyl ation to"cofivett tol uene { ol uen d.P
trimethyl benzene in the Clerr] al kyl aromat 34 hydr chrb %g In ggxy
wherein the C9 al kyl aromati ¢ hydrocar bons under go| d+sti44-ati-er—p+
transal kyl ati on. 15. A process for progluci ng xyl ene as defi ned
in Caiml4, whereirg,the DRIGRRE cofpdshioch K deFine® indhy of CRAMS ! 1Sto7 in S50
wt % 16. A process for producing xylene as defined in CI ai m 15,
wher ei n t he pertbemordeniieof somponpint & iis,of hyidregem-type.at | east 80 wt %

17. A process for producing xylene as defined in any of clains 14 to 16,
wherein the catal yst conmposition for transal kyl ati on of al kyl aromati c

hydrocarbons as defimed iAcaalystdonipositioh ad definelGiniClaipi 0 'whéreinthe nisrdémitt
with a feedstock of al kyl aromatjic hydrocarbons containing CO al kylaromatic

hydr ocar bons c®ACaMPPRRALA iy engsin whigh dhe-silica/alymina molag rati ispk=3@nce of

hydr ogen. 18. A process for produci ng xyl ene by transal kyl ati on
from al kyl aromati ¢ hydrocarbons contai ning C9 aLkyl aromati c hydrocarbons in
t he presence of hydr8ogen A)y:amlystaimlaosfnoaasmlefldechniﬁlanntlalwheremdimm:gaﬁid zed
in that the al kyl| rorratlc hydr.ocar bon as% {eedstock cont ai ps Ieiss than
0.5 wt % napht h&& of °°mP°nem i gne mepbg from SJT&HEF%SI%EW lyina

transal kyl ati on {E%ﬁnﬁ Lﬁ&ﬁ%bm&jﬁl gﬁ,{]gons as defined in Caim 18
ydrocarbon as

wherei n the al kyl ar omat e feedstock contains |less than
0.3 wt % napht hal ene. A process for producing xyl ene by
gg?“;g'erkg: at’ en ggﬁf' R/ g:‘rltafatfm 0252 RARS BochiEh's Srheretn Hedndrghnic”

oxide of component B is alumina.

10. A catalyst composition as defined in Claim 9, wherein the alumina
is of boehmite structure.

" 11. A catalyst composition as defined in any of Claims 1 to 7, wherein
the clay of component B is one member selected from the group consisting of

montmorillonite, kaolin, sepiolite, and acid clay.

12. A catalyst composition as defined in Claim 2, wherein the mordenite
of component A in the formed catalyst has the maximum diameter of secondary
particles smaller than 10 pm.

13. A catalyst composition as defined in Claim 2, wherein the mordenite
of component A in the formed catalyst has the maximum diameter of secondary
particles smaller than 5 ym.

14. A process for producing xylene from alkylaromatic hydrocarbons
(containing C, 'alkylaromatic hydrocarbons), said process comprising dealkylation
to convert ethyltoluene into toluene and subsequent transalkylation to convert toluene



hydroch ation prior to transalk R@ﬂ.@@‘ﬁMENT SHEETQl A

process for: .produci n ml ene as defined in daiml8 ror~I9  whereih [ he

soI id a muﬁﬂu ﬂ e catal yst for transal kyl atiion rbnftic
“luﬁ ned in any of Clains 1 to 1:>.rL‘Q ‘R@%Z

. A
process for produm ng xyl ene as defined in3®l ai m 14, lwhereia—the—
al kyl aromati ¢ hydrocarbon as the feedstock containg less than 0.5 wt
napht hal ene. 23. A process for produci ng—xyteneas defined in

Clai m 22, wher gjrRofubfie Mﬁiﬁéﬁﬂﬁéﬁﬁn@i@ﬂﬁﬁrm}]aﬁ&ab{% HRRADLAS Int RPledé,NS

less than 0.3 wt % napht hal ene. procesS for_producing
xyl ene as defi méerein thai szauwhrgaauwm@deowbom ©odergRy |distifletion c prior  to

hydr ocar bon ug&{ealrng% ﬁtl | lation prior to transal kyl ati on.

37 al kyl aro Bar bons cont ai ni ng at least 5 ww% ethyltoluene in
t he presence of hydrogen. 24. A process for producing xyl ene by
transal kyl ati on

15. A process for producing xylene as defined in Claim 14, wherein the

percent conversion of ethyltoluene is at least 50 wt%.

16. A process for producing xylene as defined in Claim 15, wherein the

percent conversion of ethyltoluene is at least 80 wt%.

17. A process for producing xylene as defined in any of claims 14 to 16,
wherein the catalyst composition for transalkylation of alkylaromatic hydrocarbons
as defined in any of Claims 1 to 13 is brought into contact with a feedstock of
alkylaromatic hydrocarbons containing C, alkylaromatic hydrocarbons containing at
least 5 wt% ethyltoluene in the presence of hydrogen.

18. A process for producing xylene by transalkylation from alkylaromatic
hydrocarbons containing C, alkylaromatic hydrocarbons in the presence of hydrogen
by the aid of a solid acid catalyst, characterized in that the alkylaromatic
hydrocarbon as the feedstock contains less than 0.5 wt% naphthalene.

19. A process for producing xylene by transalkylation from alkylaromatic
hydrocarbons as defined in Claim 18, wherein the alkylaromatic hydrocarbon as the
feedstock contains less than 0.3 wt% naphthalene.

20. A process for producing xylene by transalkylation from alkylaromatic
hydrocarbons as defined in Claim 18 or 19, wherein the C, alkylaromatic
hydrocarbon undergo distillation prior to transalkylation.

21. A process for producing xylene as defined in Claim 18 or 19,
wherein the solid acid catalyst is the catalyst for transalkylation of alkylaromatic



from aI i“m . rocar bons containing Clerr] alkylarqoaiic

hydr oc mj ence of hydrogen by the ai B@T QHEEE{H d
cat al ysts m in t hat t he al kyl ML%‘CEC Fryct-oc lron as
t he feedstock contai ns Iess than 0.5 wt % napht hallene %ﬁ%ﬁ A
process for producing Xyl ene by transal kyl36ion m &Mlaﬂ tijc
hydr ocarbons as defined in Caim 24, wherein the lalkyl.aronmatic

hydrocarbon as the feedstock contains less than Ol 3 wt % napht hal end.

26. A process Imat i c
hydr ocgr bons afg Oglﬂr?\’ &%%%ﬂp)bf@lﬁgéad %er ein the Clerr]

al kyl aromati ¢ hydrocar bon under go distillation prior to transal kyI ation.

27. A process forgar oduci ng Xxy. en{@q@g defkned peﬁ%@ﬁ%%& W&Ffeb%tb(?f
y

wherein the solid actd cd} BIQPESS g Xy{ene
al kyl aromati c 'ﬂﬂ%‘l&ﬁﬁ\%ﬁ@ RydrocaBortl&s ﬂhE?éEdbchl@Bd(ntﬂf]s fes@haR 015 ivf%Jfﬁphthalene

28. A process f produci ng xylene as defined in Cl aim 20, wherein the
al kyl aromati c hydrocar bon as the feedst ock contains |less than 0.5 wt %

BTG, ot RO PR BRI e PSS RS % Wkl

alkylaromatic hydrocarbon as the feedstock contains less than 0.3 wt% naphthalene.

24. A process for producing xylene as defined in Claim 22 or 23, wherein
the C, alkylaromatic hydrocarbon undergo distillation prior to transalkylation.
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i1 1f eedst ock
contains |ess than 0.3 mﬂ@bnaphthalene -~ 30.

duci ng
xylene_as defined in Caim28 or 29, wherein th i C
hydr acarbon undergo distillation prior to trans
37
CATALYST COMPOSITION FOR TRANSALKYLAT YLAROMATIC

HYDROCARBONS AND PROCESS FOR PRODUCTION OF XYLENE

ABSTRACT OF THE DISCLOSURE

Disclosed herein is a catalyst composition for
transalkylation of alkylaromatic hydrocarbons which
exhibits the percent conversion of ethyltoluene higher thgn
50 wt%, is composed of mordenite (100 pbw), inorganic oxide
and/or clay (25-150 pbw), and at least one metal component
of rhenium, platinum; and nickel, and contains mordenite
such that the maximum diameter of secondary particles of
mordenite is smaller than 10 pm. Disclosed also herein is
a process for producing xylene by the aid of said catalyst
from alkylaromatic hydrocarbons containing Cy alkylaromatic
hydrocarbons containing more than 5 wt% ethyltoluene and

less than 0.5 wt% naphthalene, in the presence of hydrogen.

No suitable figure



