DESCRI PTI ON Hal ogen- Cont ai ni ng Cat al yst and Process for Preparing Sane 5
Techni cal Field The present invention relates to a catalyst for use in the
production of arommatic hydrocarbons and a process for preparing the sane.
More specifically, it relates to a 10 hal bgen- cont ai ni ng catal yst such as
one or nore hal ogen conponents and a plati num supported on L type zeolite
cata- lyst in which the hal ogen anount distribution is uniformand a
cracking activity can be reduced, and a process for pre- paring the

catal yst. 15 Background Art Her et of or DEEREPEEN| yst which can be used to
manuf acture aromati ¢ hydrocarbons by aromatizing non- aromatic hydrocarbons
such as aliphatic hydrocarbons, plati- 20 num al um na cat al ysts have been

used. However, such cata- | s _hav dr awbac hat hydr gcar bons having 6
or 7 carbon atons cannot effﬁgngﬁﬁiéaékﬁiﬁﬁ%gtéﬂé?ﬂY%pa?Baatic hydr o-
carbons. In order to solve suc r.qbl talyst,.in 25 which

plati numis supported on an L ?§§g%§§oF§&LPﬁ§§£¥ﬁ§§$ ?ﬁﬂ%@sted I n Japanese
Patent Pyplication No. 57408/1983, and afterward, with regard to the L type
zeolite, various nethods have been suggested for the inprovenent of an

activ- Technical Field
The present invention relates to a catalyst for use
in the production of aromatic hydrocarbons and a process for
preparing the same. More specifically, it relates to a
10 halogen-containing catalyst such as one or more halogen
components and a platinum supported on L type zeolite cata-
'1yst in which the halogen amount distribution is uniform and
a cracking activity can.- be reduced, and a process for pre-~
paring the catalyst.
15
Background Art
Heretofore, as a catalyst which can be used to
manufacture aromatic hydrocarbons by aromatizing non-
aromatic hydrocarbons such as aliphatic hydrocarbons, plati-
20 num-alumina catalysts have been used. However, such cata-
lysts have a drawback that hydrocarbdns having 6 or 7 carbon
atoms cénnot efficiently be converted into aromatic hydro-
- ‘carbons.
In order to solve such a problem; a catalyst in
25 which platinum is supported on an L type zeolite has been
suggested in Japanese Patent Publication No. 57408/1983, and
afterward, with regard to the L type zeolite, various

methods have been suggested for the improvement of an activ-



-2- ity; a selectivity, a catalyst life and the |ike, or for the
simglification of a catal yst preparation nethod. For exanple, there have
been suggested (1) a cata- lyst in which the L type zeolite supporting a
nmetal in the 5 group VI11 has been subjec2ed to an oxychlorination treat-
ment to thereby inprove a catalytic activity and a catalyst |life (Japanese
Patent Application Laid-open No. 168539/1985), (2) a catalyst treated with
a solution conprising a platjnumsolution and,a non-platinym net al salt |n

order to um1%i¥ﬂ3?]§ﬁleQﬁ%¥E#%e %n@agﬁb$%Ft1ﬁfﬁtﬁﬂdn#@?a&&h@se°Pa?9ﬁt

lication Lajd-0 No, 138539/ 1986 3 cat | I ch Iatlnun1|s
?ﬁgported on MR- {) Hicpie ?r%%f%ﬂyﬁﬁ %rﬁpﬂﬁﬁgbéﬁ m@ﬁhgarning conmpound
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013341 1058), RE (i PR POdTEORASE HEbETte BRRBPEt RG a A e
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and one or | ogen conpo- on an zeo Japanese

Pat ent Appl i qﬁfgﬂ@rwame%p% Deprde838/ é&@éi ytieva¥eivitheanat al ¥akal19stt he

above-nentioned (1) to ( ave sone problens in a practical use theréof,
and in all ofiifes éﬁaﬁés§tpat@nﬁrnﬁtlﬂaaaianLhiduapbngNo.In62539/1985),

consequence, an aromatic selectivity 1s not sufficient.

(2) a catalyst treated with a solution comprising a platinum
solution and a non-platinum metal salt in order to uniformly

10 disperse and support platinum (Japanese Patent Application
Laid-open No. 138539/1986), (3) a catalyst in which platinum
is supported on an L type zeolite treated with a halogen-
containing compound (Japanese Patent Application Laid-open
No. 57653/1987), (4) a catalyst in which an L type zeolite

15 supporting ﬁlatinum is treated with a halogen-containing
compound (Japanese Patent Appiication Laid-open No.
91334/1988), and (5) a catalyst obtained by a simple prepa-
ration method which comprises simultaneously supporting and
treating a platinum component and one or more halogen compo-

20 nents on an L type zeolite (Japanese Patent Application
Laid-open No. 49936/1993).
' However, the catalysts of the above-mentioned (1) to
(5) have some problems in a practical use thereof, and in

all of these catalysts, a cracking activity is high. 1In

25 consequence, an aromatic selectivity is not sufficient.

Disclosure of the Invenﬁion

The present invention has been developed under the



Di sclosure of the Invention The present invention has been devel oped under
t he; -3- above circunstances. That is to say, an object of the present
invention is to provide a catalyst for use in the manufacture of aromatic
hydr ocarbons in which the hal ogen anount=d3s+ribution in the catalyst is
uniform so that a 5 cracking activity can be reduced. Another object of
the present invention is to provide a process for preparing the
above-nentioned catal yst. The present inventors have intensively_ researched

with the i nt¥PPYSnCHFCURGERBEERy, BBak &8t BPySAYH oAt RPIEGt Ofadlacture of
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provide a process for preparing the above-mentioned catalyst.
The preéent inventors have intensively researched
~with the intention of developing, as a catalyst for the

10 manufacture of aromatics, a practical catalyst which can
solve the problems of the above-mentioned conventional
catalysts and in which a cracking activity can bé reduced,
and as a result, it has been found that when a water evapo-
ration rate is retarded in a drying step in the preparation

15 of the catalyst, the catalyst in which a halogen amount
distribution in the catalyst is uniform can be obtained, so
that the object of the present invention can éffectively be
achieved. The present in&ention has been completed on the
basis of this knowledge.

20 That is to Say, a first aspect of the present inven-
tion is directed to a halogen-containing catalyst which
contains one or more halogen components and in which the
halogen amount distribution in the catalyst is uniform,
particularly, a halogen-containing catalyst wherein, in a

25 drawing showing a relation between a sectional width direc-
tion distance (x: a distance from one catalyst surface) and
an X-ray intensity (I) obtained by subjecting a halogen atom

on a catalyst section to a linear analysis measurement in



hal ogen.anount distribution in the catalyst is uniform particularly, a
hal @gen- cont ai ni ng catal yst wherein, in a 25 drawi ng showing a rel ation
bet ween a sectional width direc- tion distance (x: a distance from one
catal yst surface) and an X-ray intensity €14 ebtai ned by subjecting a

hal ogen atom on a catal yst section to a |linear analysis neasurenent in

-4- one direction by the use of an el ectron probe m croanal ysis
(hereinafter referred to as "the EPMA") device, a ratio a [{(F-F[err])/F}
of a val ue (PNg difecktion by rtkerusedofapneelertrpns probeomicgoanaly@ishe
value (F-F[err]) is obtained by subtracting 5 a value (F[err]) obtained
by integrati rif@einaklier kefei¥ed tpeaf] Jthe EPMANJcHEVAFes SUXPEi % he
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between one catalyst surface and the other'catalyst surface,
from the value (F) obtained by integrating.the above-
10 mentioned I with respect to x between the surfaces.

A second aspect of the present invention is directed
to a process for preparing a halogen-containing catalyst
which combrises the steps of supporting one or more halogen
components on a carrier, particularly an L type zeolite, and

15 then drying it at a water evaporation rate of 15% by

weight/hour or less.

Brief Description of the Drawings
Fig. 1 shows a relation between a width diréction
20  distance (x) and an X-ray intensity (I) in the case that a
halogen atom is subjected to a linear.analysis measurement
by the use of an EPMA device. |
Fig. 2 is a perspective view showing one example of
an L type zeolite catalyst for use in the EPMA measurement.
25
Best Mode of Carrying out the Invention
A halogen-containing catalyst of the present inven-

tion has such a uniform halogen amount distribution as is



20 di stance (x) and an X-ray intensity (l) in the case that a hal ogen
atomis subjected to a |inear analysis neasurenent by the use of an EPMA
device. Fig. 2 is a perspective view showi ng one exanple of an L type
zeolite catalyst for use in the EPVA neaser®nent. 25 Best Mode of Carrying
out the Invention A hal ogen-containing catalyst of the present inven- tion.
has such a uni form hal ogen anmobunt distribution as is -5- descri bed
above. Fig. 1 shows a_hal ogen anpunt distribution in the hal ogen-contai ning
catal yst of tIRSGFiReGtabevent i Bhg. ahdskewssaahategenoampuntediskributhon
direction disfance (x).and an X-ray,intensity (l) _in the case that a |,
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one example of an L type zeolite catalyst for use in the
above-mentioned EPMA measurement.
The present inventidn will be described in more
10 detail with reference to Figs. 1 and 2.
In the case that the catalyst of the present inven-
tion has, for example, such a cylindrical shape as in Fig. 2,
the linear analysis measurement of the EPMA is carried out
in a straight direction shown in the drawing with respect to
15 a cut séction parallel with a bottom surface. Fig. 1 shows
the obtained results of the linear analysis measurement in
connection with a relation between a sectional width direc-
tion distance (x: a distance from one catalyst surface)
which is an abscissa axis and an x—réy intensity (1) showing
20 a halogen atom concentration which is an ordinate axis.
According to Fig. 1, in the halogen-containing catalyst of
the present invention, a ratio a [{(F-F,)/F} of a value (F-
F,) to an integrated value (F)] is 0.17 or less, wherein the
value (F-F;) is a value calculated by subtracting a value
25 (F,) obtained by integrating an X-ray intensity (I,) of a
iangent of a curve at the minimum and smallest value of the
curve indicating the X-ray inﬁensity with respect to x

between one catalyst surface (x=0) and the other catalyst



the obtained results of the |inear analysis neasurenment in connection with
a relation between a sectional. wdth direc- tion distance (x: a distance
fromone catalyst surface) which is an abscissa axis and an X-ray
intensity (1) showing 20 a hal ogen atoemé&oncentration which is an
ordinate axis. According to Fig. 1, in the hal ogen-containing catalyst of
the present invention, aratio a [{(F-F[err])/F} of a value (F- F[err]) to
an integrated value (F)] is 0.17 or less, wherein the value (F-Fl[err]) is a
val ue cal culsamfinagy (Stix)acEremn Fheavadues (F)( ghtained g Hkrpating
integrating an X-ray intensity (I[err]) of a tangent of a curye at the
n1n|nun1andﬁﬂﬂﬂﬂhﬁﬂewmﬁQR#Qﬁe@rﬁaY%#éer¢ﬁﬂ?%ﬁthgxtP@tﬂgﬁﬁyt%ﬁt§H§Fﬁfqﬁtf]

e

ﬁggu?tyagﬁeﬁ§?Q%ﬁkﬁii¥ _ €F§§?§Q"E? FE?nﬁ E%ggiggv?ﬁéEFééeggfgégjgkg.as a

vrevwpol 1, h?&%‘{"lﬁ*e‘! S’:%%%ﬁ% ‘Fﬁ?‘éﬁﬁ%, Y he EEGm REER & B2p¥poipteripl he”
Prldent ) é&eyg? eEhe g&eﬂaihéei‘%yg?@%&%hﬁlﬁeﬁi‘i@e'&”tle‘?sfs [t he

present inv e ap the catal avi ng”any shape, and so
llong as the catal ystphagndPmorkhetBBO%BoFRLNEARSGndY 3livRara arRilyesls

peculiar to the present invention can be exerted. Therefore, no particular
restriction headittednt "6f sStR@cppéstht £avehysbnacaar benapplied to the
catalyst having any shape, and so long as the catalyst has
10 the above-mentioned o value, an effect peculiar to the
present invention cah be exerted. Therefore, no particular
restriction is put on the shape of the catalyst according to
the present invention. In the present invention, however,
the catalyst having a cylindrical shape can preferably be
15 used from the viewpoints of molding é&siness and catalyst
strength.

In order to produce the novel L type zeolite cata-
lyst of the present invention, a conventional L type zeolite
is used as a raw material. Here, the raw material L type

20 zeolite can be represented by a composition formula
0.9-1.3M,,,0°A1,0,°5.0-7.05i0,°0-9H,0 (wherein M is an alkali
metal or an alkaline earth metal, and n is a valence of M),
and typical examples of the zeolite are disclosed on pages 9
and 10 of Japanese Patent Application Laid-open No.

25 133835/1983 as well as page 5 of Japanese Patent Application
Laid-open No. 80333/1984.

The novel L type zeolite catalyét of the present

invention can be produced by supporting one or more halogen



.the present invention. In the present invention, however, the catalyst
haying a cylindrical shape can preferably be 15 used fromthe viewoints
of nol di ng easi ness and catal yst strength. In order to produce the novel L
type zeolite cata- |yst of the present Mmvermtion, a conventional L type
zeolite is used as a raw material. Here, the raw material L type 20
zeolite can be represented by a conposition formul a
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parted. Here, exanples of the hal ogen-containing
conpound  parted.
Here, examples of the halogen-containing compound

include various compounds, and no particular restriction is

10 put on it. Typical exémples of the halogen—confaining
compound include chlorine-containing compounds such as
hydrogen chloride and ammonium chloride, fluorine-containing
compounds such as hydrogen fluoride and ammonium fluoride,
iodine-containing compounds such as hydrogen iodide and

15 ammonium ibdide, and bromine-containing compounds such as
hydrogen bromide and ammonium bromide. With regard to the
halogen-containing compound, the above-mentioned compounds
can be used singly or as a mixture of two or more thereof,
and a combination of the chlorine-containing compound and

20 the fluorine-containing compound is particularly preferable.

Furthermore, as the metal-containing compound, the

platinum—containing compound is preferably used, and no
particular restriction is put on the platinumrcontaining
compound, so long as it becoﬁes a platinum source, but

25 usually a platinum salt is used. Typical examples of the
platinum-containing compound include tetramineplatinum

chloride, chloroplatinic acid, chloroplatinates, tetrammine-

platinum hydroxide and dinitrodiaminoplatinum.



I ncl ude :vari ous conpounds, and no particular restriction is 10 put on it.
Typical exanples of the hal ogen-containi ng conpound i ncl ude

chl ori ne-contai ni ng conpounds such as hydrogen chl oride and ammoni um

chl oride, fluorine-containing conpounds stich as hydrogen fluoride and
ammoni um fl uori de, iodine-containing conpounds such as hydrogen i odi de and
15 ammoni um i odi de, and br om ne-cont ai ni ng conpounds such as hydrogen
brom de and ammoni um bromide. Wth regard to the hal ogen-cgntai ni ng
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process for preparing the novel L type zeo- e catal yst of the present
i nvention, na peaduanl Biprégnatiosin@bthod, Pah 68mosiBt hedhbdr apdppar iong a

nmetal conpo- nent such as the platinun1conponent and the one or nore

exchange method which are usually carried out. In addition,
when the metal-containing compound and the one or more

10 halogen-containing compounds are supported on the raw mate-
rial L type zeolite, they may simultaneously be supported,
but after the metal is previously supported, the halogen(s)
may then be supported. Alternatively, its reverse procedure
1s also possible.

i5 - No particular restriction is put on the amounts of
the compounds to be supported in the supporting step, but
the amount of a metal-containing compound such as the plati-
num-containing compound to be supported is usually prefera-
bly in the range of 0.1 to 5.0% by weight in terms of the

20 metal based on the total weight of the catalyst, and par-~
ticularly, the range of 0.3 to 1.5% by weight is optimum.
Moreover, the amount of the one or more halogen-containing
compounds to be supported is usually preferably in the range
of 0.1 to 5.0% by weight in terms of the halogen based on

25 the total weight of the catalyst. In the case that the
amounts of the metal-containing compound and the halogen-
containing compound to be supported deviate from the above-

mentioned ranges, the improvement effect of the catalytic



5 hal egen conponents on the raw material L type zeolite, and there can be
used any of an atnospheric inpregnation process, a vacuum i npregnation

nmet hod, an osnobsis nmethod and an i on exchange net hod which are usually
carried out. In addition, when the netal -edhtai ni ng conpound and t he one or
nore 10 hal ogen- cont ai ni ng conpounds are supported on the raw mate- ri al
L type zeolite, they nmay sinultaneously be supported, but after the netal
is previously supported, the hal ogen(s) may then be supported.
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i mprovenent effect of the catalytic - 9-
In the preparation of the halogen-containing cata-
lyst of the present invention, the supported L type zeolite
10 is dried after the one or more halogens and the metal have
been supported or in a step between the steps of supporting
the metal and the halogen, and at this time, either of
vacuum drying and atmospheric drying can be used as a drying
method. 1In the present invention, rotary drying or vacuum
15 rotary drying is preferable from the viewpoint of a halogen
distribution.
Moreover, in the present invention, after the sup-
porting of the halogen have been carried out, it is prefer-
.able to relatively slowly do the drying. In the case that a
20 metal such as platinum and one or more halogen components
are successively supported in this order, it is preferred
that a drying speed in the drying step after the supporting
of the halogen(s) is relatively slow. Alternatively, in the
case that one or more halogen components and the metal are
25 successively supported in this order, it is preferred that
the drying speed in the dryiﬁg step after the supporting of
the halogen(s), i.e., the drying speed in the drying step

between a halogen(s) supporting step and a metal supporting



activity does not appear on occasion. In the present invention, no
particular restriction is put on supporting conditions, and they may
suitably be selected in conpliance with circunstances. Usually, the L 5
type zeolite may be brought into contact WOtk the one or nore

hal ogen-cont ai ni ng conpounds and the netal -contai ni ng conpound at room
tenperature to 900C for 1 mnute to 10 hours. In the preparation of the

hal ogen-contai ning cata- |yst of_ the present invention, the supported L
type zeol it step is relatively $lowe oflerbherBeEenalbgifisPaRierablgets)
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pl ati nu or noré n conponents are successively supported in
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t he supporting of the ogen is relatively slow Alternatively, in the

case that ongogé 2| ORPoRENLaNgPE Ss Md1thieBlbay BuPpdTted, it is
successively supported in this order, it is preferred that the drying speed

in the -dryi ngref€prédt ehat hefseppehéi sappdrtiinghatheedryling speed lim dhe ng
speed in the drying step between a hal ogen(s) supporting step and a netal
supporting drying step is slow.
10 | As the drying operation, the drying is first done at
a low temperature for a certain time and afterward at a high
temperature, or in the case that the drying is done under
temperature rise, it is desirable to decrease a temperature
rise rate. |
15 Furthermore, in order to remove water from the
system, among the above-mentioned drying methods, the wvacuum
drying is particularly preferable. A vacuum degree in the
vacuum drying is optional in a range where a water evapora-
tion rate of the present invention is satisfied, but it is
20 preferably in the range of 5 to 750 Torr, more preferably 30
to 720 Torr.

Moreover, in the above-mentioned drying step, the
drying is preferably carried out at a water evaporation rate
of 15% by weight/hr or less. If the water evaporation rate

25 is more than 15% by weight/hr, the.halogen is nonuniformly
supported on the catalyst, which is not preferable on occa-

sion. From such a viewpoint, it is further preferable that

the water evaporation rate is 10% by weight/hr or less. If



- 10 -.step is relatively slow. Furthernore, it is preferable to slowy dry
the zeolite not only in the drying step between the steps of supporting one
or nore hal ogen conponents and the nmetal successively in this order but
also inthe drying 5 step after the suppdrting of the netal.
Alternatively, in the case that the netal and one or nore hal ogen
conponents are sinultaneously supported, it is preferred that after the
supporting, the drying speed in the dryjing, ste
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a method in which the drying is done at a temperature in the
range of 25 to 60°C for 10 to 180 minutes, and the tempera-
ture is then raised up to a level in the range of 70 to 250°C
10 over 5 to 120 minutes, and at the temperature is kept coﬁ-
stant for 10 to 180 minutes, with the rotary drying or the
vacuum rotary drying being done in all temperature range, or
a method in which the temperature is raised from a 1evel in
the range of 0 to 60°C to a level in the range of 70 to 250°C
15 over 100 to 180 minutes, and the temperature is kept con-
stant for 10 to 80 minutes, with the rotary drying or the
vacuum rotary drying being done in all temperature range.
Above all, preferable examples of the above-mentioned drying
step include a method in which the drying is done at 40°C for
20 2 hours and the temperature is then raised up to 100°C over
40'minutes, and the temperature is kept at 100°C for 30
minutes with the rotary drying or the vacuum rotary drying
is done in all temperature range, and a method in which the
temperature is raised from 40°C to 100°C over 2 hours and 30
25 minutes, and the temperature is kept at 100°C for 30 minutes
with the rotary drying or the vacuum rotary drying is done
in all temperature range.

Furthermore, it is preferable that the catalyst is



25 Is.more than 15% by wei ght/hr, the hal ogen is nonuniformy supported
on the catal yst, which is not preferable on occa- sion. Fromsuch a
viewpoint, it is further preferable that the water evaporation rate is 10%
by weight/hr or less. If the water evapdRation rate is 15% by wei ght/ hr
or less, the drying may be carried out at a constant tenperature or while
the tenperature is raised. In the case that the drying is done while the
tenperature is rajsed, the tenperature may be 5 rajised at a stepw se
ratio or at Fabmbnedtataikicher temperatere thesnthenabewermenkioned

particularly preferably be used a_nethod in which the drying is done at a
tenperature i X*RBrEﬁék?%ﬁtﬁgetof%ﬁ[%¥?TE;?ora§0atBe@BGrﬁFHHFeQ? 2R tRe
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rotary dryin elng done In a t enperat ure range. 0 , preferable

exanpl es of tde @meVeal®haLISH, dbit NI SEER 186AYIY BenBhbedednowkt 4 Bhe.
drying is done at 40[err]C for %0 2 hours and the tenperature is then

rai sed up to I00{leis |caseprtie salviratiendcaficbeedpaeaideri shkeptraam
100[err]C for 30 _
. of the air, or it can be done without any stream or the air.
10 The halogen-containing catalyst regarding the pre-
sent invention comprises the above-mentioned L type zeolite,
but if necessary, a natural or a synthetic inorganic oxide
such as alumina, silica or an aluminosilicate can be added
thereto as a binder. The amount of the binder to be used is
15 preferably in the range of 5 to 90% by weight based on the
total weight of the catalyst.

Examples of a hydrocarbon as a raw material, to
which the halogen-containing catalyst of the present inven-
tion can be applied, include paraffinic hydrocarbons, ole-

20 finic hydrocarbons, acetylenic hydrocarbons, cycloparaffinic
hydrocarbons and cycloolefinic hydrocarbons, and they can be
used singly or in the form of a mixture of two or more
thereof. _

The above-mentioned paraffinic hydrocarbohs prefer-

25 ably have 6 to 10 carbon atoms, and typical examples of the
paraffinic hydrocarbons include n-hexane, methylpentane,
n~heptane, methylhexane, dimethylpentane and n-octane.

Furthermore, the above-mentioned olefinic hydrocar-



mnutes with the rotary drying or the vacuumrotary drying is done in al
tenperature range, and a nethod in which the tenperature is raised from
40[err]C to 100[err] C over 2 hours and 30 25 m nutes, and the tenperature
is kept at 100[err]C for 30 minutes withrth® Totary drying or the vacuum
rotary drying is done in all tenperature range. Furthernore, it is
preferable that the catalyst is - 12 - calcined at a higher tenperature

of 250 to SoHPBP PECLRRaPNY’ LaYe Bnio die Captom A1 A GXRICA ey at oo
Surti crent oRXBRBAERORE the" Blecitciyinharttis Yidiids hexdie, meth-
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necessary, a natural or a synthetic 1no ni Cc OXlI such as alumna, silica

or an al um npgirbearBonan iR 13dee hehiics! B Qidtiterocthfife amount of the
bi nder to be gsed s 15 preferably in'thgﬁﬁgﬁbe of 5 to 90% by wei ght

based on _thle total wahghtabdve-eridlcnad icyddopat£6f i@ hydrosarbensas a
raw materta brggerably have 6 to 10 carbon atoms, and typical examples |
of the cycloparaffinic hydrocarbons include methylcyclopen-
10 tane, cyélohexane, methylcyclohexane and dimethylcyclohexane.
In éddition, the above-mentioned cycloolefinic
 hydrocarbons preferably have 6 to 10 carbon atoms, and
typical examples of the cycloolefinic hydrocarbons include
methylcyclopentene, cyclohexene, methylcyclohexene and
15 dimethylcyclohexene.
As described above, in a halogen-containing catalyst
of the present invention, a halogen amount distribution in a
catalyst can be uniformed by retarding a water evaporation
rate in a drying step in a preparation process, and as a
20 result, a metal such as platinum is highly dispersed, so
that a cracking selectivity lowers and an aromatic selectiv-
ity rises. Thus, a cracking activity can be controlled.
The present invention will be described in more
detail in accordance with examples and a comparative example.
25 Example 1
(1) Preparation of a catalyst
20 parts by weight of a silica binder (Snow Tex,

made by Nissan Chemical Co., Ltd.) was added to 100 parts by



whi ch the hal ogen-containing catal yst of the present inven- tion can be
applied, include. paraffinic hydrocarbons, ole- 20 finic hydrocarbons,
acetyl eni ¢ hydrocarbons, cycloparaffinic hydrocarbons and cycl ool efinic
hydr ocar bons, and they can be used singtyldr-in the formof a mixture of
two or nore thereof. The above-nentioned paraffinic hydrocarbons prefer- 25
ably have 6 to 10 carbon atons, and typlcal exanpl es of the paraffinic

hydr ocar bons i ncl ude n-hexane, pent ane, hept ane nmet hyl hexane,
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cycl ool efi ni ¢ hydrocarbons preferably have 6 to 10 carbon at ons,
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solution. The thus prepared impregnation solution was

slowly added dropwise to 5 g of the above-mentioned molded L
10 type zéolite with silica binder to support platinum and the
halogens thereon. 1In a drying step, initial wvacuum rotary
drying was done at 40°C for 2 hours, and the temperature was
then raised up to 100°C over 40 minutes in a vacuum rotary
condition, followed by the vacuum rotary drying at 100°C for
15 30 minutes. Incidehtally, a vécuum degree in the vacuum
rotary drying was 40 Torr. Afterward, calcihation was
carried out at 320°C for 1 hour in air to prepare a catalyst.
Comparative Example 1
(1) Preparation of a catalyst |
20 5 g of an L type zeolite accomplished till a sup-
porting step-in Example 1 was heated in a vacuum rotary
drying condition from room temperature to 100°C over 60
minutes, and the temperature was kept at 100°C for 3 hours
also in a vacuum rotary drying condition. The same proce-
25 dure as in Example 1 was conducted except for the drying
step. Incidentally, a vacuum degree in the vacuum rotary

drying was 40 Torr.

Example 2



met hyl cycl opent ene, cycl ohexene, nethyl cycl ohexene and 15 '

di net hyl cycl ohexene. As descri bed above, in a hal ogen-containing catal yst
of the present invention, a halogen anmount distribution in a catal yst can
be unifornmed by retarding a water evaporatliSomrate in a drying step in a
preparation process, and as a 20 result, a metal such as platinumis

hi ghly dispersed, so that a cracking selectivity |owers and an aromatic
selectiv- ity rises. Thus, a cracking activity can be controlled. The
present invention mn(1)beP§€B@¥ﬂ5é€nlﬁfnﬁréaﬁéﬂxﬁﬁ |n accordance with
exanpl es and a conparatlve exanpl e nple 1 (1) Preparation
of a catalyst 20 par559b9 mépgﬁttBPeaz§PﬂF§§ apﬁe@plesh@ﬂ Tdl Padanyy

Ch I dded b - - h f
h E §§2| éeﬁmac%rf %%K%%e“ﬁi@% B5roln BRaRBLE L) Vapohraked d Bnoading. |
50 C
for 5 hour o YATER A Caryortisind boRGifTancPEphT 3pR ud 1 fic Brer 2 o1
0 980, 90 | RALAIAIGE 50 RIMEOL 0T LAE tﬂe0§§mge95ta¥gg%§%bw 11900%c 019

g of amioni um<¢ orlde and ofiexc I Ner e Ked 10
! t
DacPe ey B PED S0 0 JAREoPAEy ) EDEBHTL IO Ol

same procedure as in Example 1 was conducted except for the
dfying step. Incidentally, a vacuum degree in the vacuum
rotary drying was 40 Torr.
10 Example 3
(1) Preparation of a catalyst
5 g of an L type zeolite accomplished till a sup-
porting and treating step in Example 1 was heated from room
temperature to 90°C under atmospheric pressure over 2 hours
15 while rotated, and then the temperature was kept at 90°C for
3 hours also in atmospheric rotary condition. The same
procedure as in Example 1 was conducted except for the
drying step.
Example 4
20 (1) Preparation of a catalyst
5 g of an L type zeolite accomplished till a sup-
porting and treating step in Example 1 was heated in a
vacuum rotary drying condition from 40°C to 100°C over 100
minutes, and the temperature was kept at 100°C for 30 minutes
25 also in a vacuum rotary drying condition. The same proce-
dure as in Example 1 was conducted except for the drying
step. Incidentally, a vacuum degree in the vacuum rotary

drying was 40 Torr.



10 type zeolite with silica binder to support platinumand the hal ogens
thereon. In a drying step, initial vacuumrotary dryi ng was done at
40[err]C for 2 hours, and the tenperature was then raised up to 100[err]C
over 40 minutes in a vacuumrotary condrtilén~ foll owed by the vacuumrotary
drying at 100[err]C for 15 30 mnutes. Incidentally, a vacuum degree in
the vacuumrotary drying was 40 Torr. Afterward, calcination was carried
out at 320[err]C for 1 hour in air to prepare a catalyst. Conparative

Exanple 1 (1) PreparBfampleiSa catal yst 20 5 g of an L type
zeolite acconplished till_a sup- porting ste n Exanple 1 was heated in a
vacuum rotary dry|ng(%bnd??¢5ﬁrFFbﬁFr9§nPtGﬁgé?XFEre to 100[ err] C over 60

m nutes, and the te eratfre was ke t atl%QO[err also in a

vacuum rotary dryi ng®c®n@Ft#Bnl ?KB s&fe GcéccggpalﬁﬁPg §§& n2ERYRpl e 1
the vacuum MRS 4 3 e 1B eP tﬁaﬁf' BB16°T" fas” neB KA YO EP0R° '
Treat/ng o Sty ¥p€a2€§§ e Y assé}ﬁéiﬂum'é dofife Set Thae |
t enper at ur ¢ 4 ms%%g'%é%of’“ﬁ%? SipeRdrdleTray! faproat BO% tor
drying condijigurdh€lso in atmospheric rotary condition. The same
procedure as in Example 1 was conducted except for the
drying step.

10 (2) Evaluation of catalytic properties

In each of the above-mentioned examples and compara-
tive example, a catalyst was taken out during its drying,
and a water content was measured by TG-DTA. 10 mg of the

15 catalyst was weighed while it was in the form of a molded
article, and then set on a device. A temperature was raised
from room temperatufe to 1000°C at an air flow of 70 cc/min.
A temperature rise rate was 20°C/min. A weight of the
catalyst decreased until 500°C was reached was regarded as

20 the water content, and an evaporation rate was calculated.
The results are shown in Table 1.

EPMA measurement

Each of the'catalysts obtained above was wrapped in
a resin (PMMA: polymethyl methacrylate), and the resin

25 including the catalyst was then cut in a parallel with a
bottom surface to expose such a measurement surface as shown
in Fig. 2. By the use of a usual EPMA device, an o value

was measured at an acceleration voltage of 15 kV, a beam



same procedure as in Exanple 1 was conducted except for the drying step.
Incidentally, a vacuum degree in the vacuumrotary drying was 40 Torr. 10
Exanple 3 (1) Preparation of a catalyst 5 g of an L type zeolite

acconplished til

fromroomtenperature to 90[err] C under atnospheric pressure over 2 hours
15 while rotated, and then the tenperature was kept at 90[err]C for 3
hours al so in atnospheric rotary condition. The same_procedure as in

Exanpl e 1 weliz®mfict din S0t R Sywplecuryenty ofep. 05 dhpl cTheogesults
(1) Preparation of a catalyst 5 g of an L type zeolite acconplished til
sup- porti nPEHEROEIHTaRE In Exanple 1 was heated in a vacuumrotary
drying condition from40[lert]C to 100[err]C over 100 m nutes, and the

tenpera;ure was kgptj“—* :h" 528 0=hf es 25
condust ed’ except rorEehh afyEns EBLRIRRR. pERIxREs Vab, BRI AR 3% e
targs qﬁé(éﬁ',g B¢ 49 M9 5t the grBundF¥aPRLGs (i Reighed! apy of 2

vacuum r0
cat al yst

10

15

also in a vacuum

then filled into a reéctor. After the reactor was set on a
device, a temperature was raised from room temperature to
546%: over 35 minutes at a hydrogen flow rate of 100 cc/min,
and hydrogen reduction was then carried out at 540°C for 1
hour. After completion of the hydrogen reduction, the
temperature was set to 460°C. As a reactant substance, an
n-C, was used. A pulse size was changed to 0.5 pl, 1.0 upl,
2.0 pul and 3.0 pl to change a conversion. The results are
shown in Table 1. The lower a C,, selectivity is, the
better the.catalyst is. Incidentally, for each product, the
C,., selectivity was calculated as follows.

' C,, selectivity =

[C,., weight/( C,; + benzene) weight]x100

a sup- porting and treaflilng step in Exanple 1 was heated

a



5 g of.an L type zeolite acconplished till a sup- porting and treating step
in Exanple 1 was heated fromroom5 tenperature to 90[ err] C under
at nospheric pressure over 3 hours while rotated, and then the tenperature
was kept at 90[err]C for 3 hours also im d8nespheric rotary condition. The
same procedure as in Exanple 1 was conducted except for the drying step. 10
(2) Evaluation of catalytic properties Measurenent of water content In
each of the above-nentioned exanpl es and conpara- tive exanple, a catalyst
was taken out during its drying, and a water content was neasured by
TG DTA. 10 ng of the 15 catal yst was weighed while it was in the form of
a nolded article, and t rai sed from
roomtenperature to 1000[err]C at an air flow of 70 cc/mn. A tenperature
rise rate was 20[err]C/m g A weight of the catalyst decreasdd until
500[ err] C was reached s Jegdyded jas 20 the water content,| and an
evaporation rate was c\z,a]a lﬁ'at . Thie results are shown in Table 1. EPMA
measur enent Each of the ca@% ts optained above was wapped |{in a resin
(PMVA: pol ymet hyl et hajcr yil ad e wand e Msi 259 i ®ludlng the catal yst
was then cut in a parall elow ‘311;1 biot tom Sur f are t® expos& sych a
nmeasurenment surface as |sh <& Fig 2. By the use of a usual| EPMA devi ce,
an a val ue was neasured at&_’, n-@ccel eration voltage of 15 kV, |a beam
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- 17 -.size of 1 [err]mand a sanple current of 0.05 [err]A The results
are shown in Table 1. Evaluation of pulse reaction Each of the obtained
catal ysts was ground into 32 to 5 65 nesh, and 50 ng of the ground
catal yst was weighed and then filled into reactor. After the.reactor was
set on a device, a tenperature was rai séd romroomtenperature to
540[err] C over 35 mnutes at a hydrogen flow rate of 100 cc/mn, and
hydr ogen reducti on was then carried out_at 540[err] C.for 1,10 hour .
After conpletion of the PQE#sHabhitedREt Industréalcpilagatdofas set to
460[err]C. As a reactgnt substancg, an n-C6 was ysed. A pul se skie was
changed to 0.5 [err]Fheregore,  p hajogepsceptaining fatalyst @t ihfye a
conversion. The resELts are shown ighTabIe 1.  The Ig&gr a Cl4 s ctiv%Ly
is, the 15 PHEPPEFCIRB BEPGFYE: Of sthe| REFFERTaRYSIdr 880 BPSHIS: 2 e
Cerr] seleclp¥LiYs cal.c Ssfoll err I Vi = err|
wei ght / ( C[é%#¥éé¥%§§;¥n§% &g?%%gfélbﬁ kkg&%iSS% Fek?%ﬁh&% éﬂémlééi

5 industry in which aromatic hydrocarbons are manufactured, a

petroleum industry in which a high octane value fuel is

manufactured, and the like.



- 19 --Possibility of Industrial Wilization Therefore, a
hal.ogen-cont ai ning catalyst and its preparation process of the present
i nvention can widely and effectively be utilized in fields of a petroleum

chem cal 5 i ndustry in which aromatic rocarbons are nenufactured, a
petrol eumindustry in which a high octane |'Te fuel is manufactured, and
the I'ike. - 20 - CLAIM5 1. A hal ogen-containing catal yst which contains

one or nore hal ogen conponents and in which the hal ogen anount 5
distribution in the catalyst is uniformCEBAIM$e hal ogen-containing catal yst
according to Caim1 wherein, in a drawing showing a rel ati on between a

sectional width direction distance (x: a distance from one 10h I cat al yst
surface) and an X-ra |n e ). ohtained b ecti.ng a hal ogen atom
on a catal yst sectio 5‘ Eﬁ]ﬁﬁsﬁ’ Lg?sll WGl CoRtILRS LNy

(7 Ferr] OF) S?érﬁgl aH BRERARRsY 'niﬁq%%ﬂt Bl £, Jioqhs fandnts

0.17 0r5|essd1§99153€18ﬁliﬁ thelbakLh s%$1§aﬁﬂff% by subtract- ing a

value (F[err]) obtalined by integratin ray intensity (l[err]) of a
tangent of a curve at the n1n|nun1and smal | est val ue of the curve
indicating the X-ray intensity with

2. The halogen-containing catalyst according to

Claim 1 wherein, in a drawing showing a relation between a
sectional width direction distance (x: a distance from one

10 catalyst surface) and an X-ray intensity (I) obtained by
subjecting a halogen atom on a catalyst section to a linear
analysis measurement in one direction by the use of an |
electron probe microanalysis (an EPMA) device, a ratio a
[{(F-F,)/F} of a value (F-F,) to an integrated value (F)] is

15 0.17 or less, and the value (F-F,) is calculated by suﬁtract-
ing a value (F,) obtained by integrating an X-ray intensity
(I;) of a tangent of a curve at the minimum and smallest
value of the curve indicating the X-ray intensity with
respect to x between one catalyst surface and the other

20 catalyst surface, from the value (F) obtained by integrating

the above-mentioned I with respect to x between the surfaces.

3. The halogen-containing catalyst according to
Claim 1 or 2 which comprises one or more halogen components

25 and a platinum supported on L type zeolite.

4. A method for producing aromatic hydrocarbons

from non-aromatic hydrocarbons by the use of the halogen-

* [ L M s *




respect to x between.one catal yst surface and the other 20 cat al yst
sur,face, fromthe value (F) obtained by integrating the above-nentioned |
with respect to x between the surfaces. 3. The hal ogen-containing catal yst
according to Claim1l1 or 2 which conprises gpe or nore hal ogen conmponents 25
and a platinum supported on L type zeoliTeQ 47 A nmethod for producing
aromati ¢ hydrocarbons from non-aronmati c hydrocarbons by the use of the

hal ogen- - 21 - containing catalyst described in daiml or 2. 5. A
process for FPBEALNARTJaCRERIYEH- descaiibedy idaCdiaim a2 .conpri ses the
steps of supporting one or nore 5 hal ogen conmponents on a carrier, and

then drying it at a water evaporation rate of 15% by wei ght/hour or | ess.
6. A process for pre arigﬁ a hal o 3p-containLn catalyst which conprises
the steps of supportiPig PQQCqﬁé Ofp Prenay ik f It or

qo
159% by uei ah P8kt ufiieh®onbiTRel, (e aserd o, Aiportilfd siie 2%%5'?41% g
s ! . . ! '
comonent o A81805A cERRRERES, oi° UL RRT iR} ARE e A A T A 20
wat er evaporghigp é@hﬁg?&g%@%)Q&tﬂebﬁhﬁﬁﬁgﬁ& Veightyhot? or less. & TN

process for preparing ogen-contain

e

6. A process for preparing a halogen-containing
catalyst which comprises the steps of supporting one or more
10 halogen components and one or more metals on a carrier, and
then drying it at a water evaporation rate of 15% by

weight/hour or less.

7. A process for preparing a halogen-containing
15 catalyst which comprises the steps of supporting one or more
halogen components and a platinum on an L type zeolite, and

then drying it at a water evaporation rate of 15% by |

weight/hour or less.

20 8. The process for preparing a halogen-containing
catalyst accbrding to any one of Claims 5 to 7 wherein the

water evaporation rate is 10% by weight/hour or less.

9. The process for preparing a halogen-containing
25 catalyst according to any one of Claims 5 to 8 wherein the
drying is carried out at a low temperature and then at a

high temperature.

A



catal yst according to any one of Clains 5 to 7 wherein the water
evaporation rate is 10% by wei ght/hour or less. 9. The process for
prepari ng a hal ogen-contai ni ng 25 catal yst according to any one of
Clainms 5 to 8 wherein the drying is carried out at a | ow tenperature and
then at a high tenperature. - 22 - 107 € process for preparing a

hal ogen- cont ai ni ng catal yst according to any one of Clains 5 to 9 wherein
vacuumdrying is carried out. 5 11. A process for preparing a
hal ogen- cont ai ni ng c&Pal yTheprosessmfion ereparing @ hilegemerontaining or
nor e hal ogen cgagggﬁnts on.a carrier, drying it at a water evapo- ration

rate of 15% %% t PREAFALPY) £Os anyhgnen ok Slda S5 itey Divherridn ¢ her eon

vacuum drying is carried out.

5 11. A process for preparing a halogen-containing
catalyst which comprises the steps of supporting one or more
halogen components on a carrier, drying it at a water evapo-
ration rate of 15% by weight/hour or less, and then support-

ing platinum thereon.
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