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Met hod- for Preparing Catalyst 5 BACKGROUND OF THE

| NVENTI ON (i) Field of the Invention The
present invention relates to an inproverert -of a met hod for preparing
a catalyst. 10 More specifically, the present invention relates
to a nethod for preparing a catalyst, particularly a platinum
supporting hal ogen-treated L-type zeolite catalyst in which active
conponents are supported on a carri SEEGFRLGATTION s met hod, a drying
treatnment is carried out so that an evapo- 15 ration rate of water from
t he whol e surfaces of catal yst particles may be uniformin a drying
treatnment step, to honogeneous! y hi gh di sperse the active
conponents in the carri er IdddE OFt RERE.BUVENSLENe a catal ytic
activity. (1i1) Description of the Related Art 20

Heretof ore, as catalysts forMaFRARt 95 RF$RAELING Cat4;¥§ﬁatic hydr ocar bons
such as i phatic hydrocarbons to produce aronati c hydrocarbons,

pl ati num~al um num cat al ysts have been used. However, these catalytic
systens have a dra\/\,back%ég&@?ﬁo(f):l,ar.ia(_ﬂapsI ifigy® and 7 carbon atons
25 cannot effectively be co o the aromati ¢ hydrocar -

bons. (i) Field of tI .

The present invention relates to an improvement of a

method for preparing a catalyst.

10 More specifically, the present invention relates to
a method for preparing a catalyst, particularly a platinum-
supporting halogen-treated L-type zeolite catalyst in which
active components are supported on a carrier, and in this
method, a drying treatment is carried out so that an evapo-

15 ration rate of water from the whole surfaces of catalyst
particles may be uniform in a drying treatment step, to
homogeneously highly disperse the active components in the
carrier and to thereby improve a catalytic activity.

{ii) Description of the Related Art

20 Heretofore, as catalysts for aromatizing non-
aromatic hydrocarbons such as aliphatic hydrocarbons to
produce aromatic hydrocarbons, platinum-aluminum catalysts
have been used. However, these catalytic systems have a
drawback that hydrocarbons having 6 and 7 carbon atoms

25 cannot effectively be converted into the aromatic hydrocar-
bons.

Thus, in recent years, as a catalyst in which this

drawback has been overcome, there has been found a catalyst



Thus, in‘recent years, as a catalyst in which this. dr awback has been
overcone, there has been found a catal yst

-2 in which platinumis supported on an L-type zeolite (Japa-

nese Patent Publication No. 57408/ 1983)~ 2Zn-this catal yst, a metal in
the group VIIl of the periodic table is supported on the L-type
zeolite, but its activity is not sufficient 5 and its life is

i nconvenient|ly short. Afterward, for the sake of the inprovenent of
the activitylh #igle@latinumnie suppontied oat anyLi-sypef geghdtenéJapa-
sinplification of a catalyst preparation nethod, various techniques

have been sRRfRRtRatent Publhgatdampia 57488 19834 -nedn thég§eshtalydt, a
met hod which 10 conpr.i ses supporting a netal in.the group VIII on an
L-type a ARl LD HRE (FRIPRS dﬁIeIctq%né'—hiet' PES1Q 16x§>3gllrﬁo BngEpBArted

o) SATESR B RS A ST s s AREET 0
Compr 2 181 1 ks SESLAEAAR NG gl ASUHARACORRL NS 2
(Sepancee, o APRLAGShpfovenens, B DEPARN SRR Ly ot

catalyst in Ich™pla S supporte pE€ Z€o
with a hal 008fa catalvCAOtH £l Ndh Pat-ent higation
Lai d-open 20 %%_a 653f%%§%),(f4; agggFgﬁgg?%?%%ﬁh?ghapFé??ng%?is sup-

ported on anpiebyPLZER mdtndd LarfH oMd e nhdlRE@Nhave beefOBh8LBEREd.
conpound (Japanese Patent Application Laid-open

For example, there have been suggested (1) a method which

10 comprises supporting a metal in the group VIII on an L-type
zeolite, and then subjecting it to an oxy-chlorination
treatment to improve the catalytic activity and the life
(Japanese Patent Application Laid-open No. 168539/1985), (2)
a method which comprises treating an L-type zeolite with a

15 solution containing a platinum salt and a non-platinum salt
to improve platinum dispersion (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

20 No. 57653/1987), (4) a catalyst in which platinum is sup-
ported on an L-type zeolite treated with a halogen-
containing compound (Japanese Patent Application Laid-open
No. 91334/1988), and (5) a simple catalyst preparation
method which comprises the step of simultaneously supporting

25 a platinum component and one or more halogen components on
an L-type zeolite (Japanese Patent Application Laid-open No.

49936/1993).

However, the above method (1) has a drawback that a



No. 91334/1988), and (5) a sinple catal yst preparation met hod whi ch
coiprises the step of sinultaneously supporting 25 a pl ati num conponent

and* one or nore hal ogen conponents on an L-type zeolite (Japanese
Pat ent Application Laid-open No. 499867 1993) . However,
t he above nethod (1) has a drawback that a

-3- treating apparatus is conplex, and the nethod (2) has a
drawback that the catalytic activity is not sufficient. In addi tion,
the catal yst SXating Arpacatys aﬁdcmplﬁﬁkean@etm method H2bhathikh is a
har nf ul substance in a_hal ogen treatnent and they have a drawhack
that a high- té;ﬁﬁgﬁﬁ kit alYth ?§té§¥FYeHso%?t geffigient. In

3§?L§U‘ﬁ?f’“ Ibﬁ“ 4@%&5 e FRtALTSES of, bR ABORBAL ) S04 nEt b TS, e Afack
that t t t
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that in order to r'ove the activity o

N Y e
active conponefin btHRI G ), ¢heire iBPAr d2Blback that the obtained
catalyst has a high cracking activity.
10 As understood from the foregoing, each of the
conventional catalysts in which platinum is supported on the
L-type zeolite has the disadvantage, and for the reason,
they have not been always sufficiently éatisfactory.
In this connection, it is known that in order to
15 improve the activity of the obtained catalyst in the prepa-
ration of the catalyst in which the active component is

supported on the carrier, the uniform and high dispersion of

the active component on the carrier is important.

20 SUMMARY OF THE INVENTION
The present invention has been developed under such
circumstances, and an object of the present invention is to
provide a method for preparing a catalyst having an improved
catalytic activity in which active components are supported
25 on a carrier, particularly a method for preparing a plati-
num-supporting halogen-treated L-type zeolite catalyst which
is desirable as a catalyst for the production of aromatic

hydrocarbons and as a catalyst for the production of a



20 ' SUWARY OF THE | NVENTI ON The present
| hventi on has been devel oped under such ci rcunst ances, and an obj ect
of* the present invention is to provi de a nmethod for preparing a
catal yst having an inproved catal ytdc-activity in which active
conponents are supported 25 on a carrier, particularly a method for
preparing a plati - num supporti ng hal ogen-treated L-type zeolite
cat al yst which is desirable as a catalyst for the production of
aromatic gasolinecandorsicndan inhiktidl wsicrackinge aptéstatyi ocanf a

-4- gasol i ne and which can inhibit a cracking activity, can
restrai n t her®knain orheffeuration ©f coke désﬁnalﬂamh§estralnd§hct|vat|on
of the catalyst by the coke), and can al so nprove an aronatic

sel ectivity 8RaChiYaiP® 9f cthe catalyst by theTIﬁ’@kGr)eséﬂf-i FAReALEP has

I ntensively researched to achi eve the above qbject, ,and as a result,

it has been HBRFQVEe an aﬁ?@ﬁt%q1%?#ﬁQQ%ﬂ}QMna@ﬁ-éoéﬂﬂpéésyﬂﬁﬁﬂegnatlng a
then - 3" Sal ci ni ngTbReBEER ??%%%w%r%a's&‘%%“e'wee“a‘ed Shednie. “1o
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calcining the same to prepare a catalyst, the active compo-
10 nents can uniformly and highly be dispersed and a catalytic
activity can be improved by drying the impregnated carrier,
i.e., the catalyst particles while they are always moved so
that an evaporation rate of water from the whole surfaces of
these catalyst particles may be uniform in the drying
15 treatment step. In particular, it has been found that when
a platinum-supporting halogen-treated L-type zeolite cata-
lyst is prepared using an L-type zeolite as the carrier and
using a platinum-containing compound and a halogen-contain-
ing compound as the active components, there can finally be
20 obtained the catalyst in which the distribution of the
halogen component is uniform, the platinum component is
highly dispersed, an aromatizing activity can be improved,
and a cracking selectivity deteriorates, by drying the
catalyst particles while they are always moved. The present
25 invention has been completed on the basis of such a knowl-
edge.
That is to say, the present invention is directed to

a method for preparing a catalyst which comprises the steps



a plati num supporting hal ogen-treated L-type zeolite cata- lyst is

prepared using an L-type zeolite.as the carrier and using a

pl‘ati num cont ai ni ng conpound and a hal ogen-cont ai n- i ng conmpound as

t he. active conponents, there can finally be 20 obtained the catalyst in
whi ch the distribution of the hal ogen conponent is uniform the

pl ati num conponent is hi ghly di spersed, an aronmati zing activity can
be i nproved, . and a cracking selectivity deteriorates, by drying the
cat al yst paref cimoregnatinhay carrigrahishnmagsdveTaenpererhs, Quyling tion

has been conpleted on the basis of such a know - edge. )
That is to sHpregnatadtanriereddihed galedningt she samey $idod for

preparing a catal yst which cqonprises the steps ., ,
i ASERRI LT R rech ORE( D LeokBBNERPECIRALR%g ¢ he
| npregnated carrier,.,and th%&ﬂ? |.ci ni ng t.he sane
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EMBODI MENTS or more halogen-containing compounds, and the obtained

catalyst is a platinum-supporting halogen-treated L-type

10 zeolite catalyst.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
In a preparation method of a catalyst according to
the present invention, when the catalyst is prepared by
15 impregnating a carrier with active components, and then
subjecting this impregnated carrier to a drying treatment
step and a calcination step, the above drying treatment of
the impregnated carrier is carried out in a condition that
the impregnated carrier is drifty, i.e., in a condition that
20 the impregnated carrier is freely movable,

By conducting the drying treatment in such a condi-
tion, it can be presumed that an evaporation rate of water
from the whole surfaces of the respective particles of the
catalyst is uniform. For example, with regard to one

25 certain catalyst particle, if this catalyst particle is
fixed in the drying treatment step, water is scarcely
evaporated from portions of the catalyst particle which are

in contact with adjacent catalyst particles, but water is



In a preparation nethod of a catal yst, according to t he present

i nventi on, when the catalyst is prepared by 15 | npregnating a carrier
with active conmponents, and then subjecting this inpregnated carrier
to a drying treatnent step and a eabctnation step, the above drying
treat ment of the inpregnated carrier is carried out in a condition

t hat the inpregnated carrier is drifty, i.e., in a condition that 20
the inpregnated carrier is freely novabl e. By conducting the
dryi ng treat@dailynevaporatedntiiom the otthem ponticas o phescatalymstt an
evaporation rate of water fromthe whole surfaces of the respective
particles of pakticle whighdgsnot contigal mhemobr Shatplis, tai sAYredsr theo one
25 certain catal particle, if this catalyst particle is fixed in
the drying tP@&tﬁé%?liﬁEpPaﬁb}%ken:$3§té¥E¥H5Pns haviag,sdeadddfersntporti ons

of the catal st ,particle which are I n cont ct with adjﬁpent cat al yst
particles, %ggepapgs are present. However, when the cata

azf;Lyﬁggﬁgf%%%ﬁgg@f?gra%%%%“esf. S48 memﬁ;w'e
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adj acent cat a- art e portions whi ch do not contact

them abi§sCBREAGe, S8o Rt 1{)fe UARIAIY IV T3k Of Waker koM

the whole surface of the one catalyst particle is substan-

10 tially uniformed, whereby the active components can be
homogeneously highly dispersed and hence a catalytic activ-
ity can be improved.

As techniques for drying the impregnated carrier in
such a drifty condition, there are a method of doing the

15 drying treatment while a drying container containing the
impregnated carrier is rotated, and a method of doing the
drying treatment while the drying container containing the
impregnated carrier is shaken. Among them, the method in
which the drying treatment is conducted under the rotation

20 of the drying container containing the impregnated carrier
is advantageous from the viewpoint of a functional effect.
Furthermore, in both of the rotary drying treatment method
and the shake drying treatment method just described, it is
preferred that the drying treatment is done under reduced

25 pressure, because evaporated water can be discharged from
the system.

In the case that the drying treatment is done while

the drying container containing the impregnated carrier is



the whol e surface of the one catalyst particle is substan- 10 tially
uni foryred, whereby the active conponents can be honogeneously hi ghly
di spersed and hence a catal ytic activ- ity can be inproved.

As techniques for drying the inpregnated-car+ier in such a drifty
condition, there are a nethod of doing the 15 drying treatnment while a
dryi ng contai ner containing the | npregnated carrier is rotated, and a
nmet hod of doing the drying treatnent while the drying container '
contai ni ng thetated, iammeagilattddrc &peieer ofs theakdegingnoogtabeer ide net hod
in which the drying treatnment is conducted under the rotation 20

of the dryi ngeraferdhler Cdntrzeavolng ione/mimutegoat mdreaini the lightief the
advant ageous fromthe viewpoint of a functional effect. Furt her nore,
in both of tHanekienakrgfifart r aavtdeulaalyopreferabdydinhthehtaegergf ng
treatnment nmethod just described, it is preferred that the drying
treatment is YoheEUmRY Fesidddonsyminytes from appragsécadapsewpPebat er
can be discharged from t he %¥ case that the

drying treatment is doWECh@FmCe, sSttt%“Iﬁtﬁ%%@&Pﬁlei@ht@gaifgiﬁgng t he
olated. o r AR SR D% YOS GgREaineFnds phaken, thEEReiarty 0.5
YOl UL ) 1 g DA W Sld 9y AR apmens SUTEALEORN SILCKS
froma practiggl &géwggnénshakfig apparatusEu55Q¢&H0£ﬁisa§agg? g@tfgd of
doi ng the dryrng
preferable to give, to the catalyst particles, such a
10 shaking force as to permit moving the portions of the
catalyst particles which contact the other catalyst parti-
cles at any time.
The method of the present invention can particularly
advantageously be applied to the preparation of a platinum-
15 supporting halogen-treated L-type zeolite catalyst. That is
to say, in the preparation of the platinum-supporting
halogen-treated L-type zeolite catalyst which comprises
impregnating an L-type zeolite with a platinum-containing
compound and one or more halogen-containing compounds as the
20 active components, drying this impregnated zeolite, and then
calcining it, it is desirable to apply the above method to
the drying treatment of the impregnated zeolite. In the
thus obtained platinum-supporting halogen-treated L-type
zeolite catalyst, the dispersion of the halogen components
25 is uniformed, and the platinum component is highly dispersed,
so that an aromatizing activity is improved and a cracking

selectivity deteriorates.

Next, the preparation method of this platinum-



treatnment” while the drying container is shaken, there is a t echni que
I n whi.ch the drying treatnent is carried out by the use of a shaking
apparatus, but in this case, it is preferable to give, to the

catal yst particles, such a 10 shaki ng- fBorce as to permt noving the
portions of the catal yst particles which contact the other catalyst
parti - cles at any tine. The nmet hod of the present

i nvention can particularly advant ageously be applied to the
prepar ati on @uppogitanign el ogeéb-treabpedr L+ typd atenjeita restalydt widd beolite
catalyst. That is to say, in the preparation of the

pl at i num supg&scniped. hal ogen-treated L-type zeolite catal yst which

conpri ses i npregnating an L-type zeolite with a platinum contai ning
compound and one or rﬁlﬂa Lravege feedatai whaghceaporpdised imethe@repatig-ve
conponents, drying this i nated zeolif{e, and then calcining it,

npr e
it is desiraftion gethod °tfh§hg§o(?étﬂ%17§5d1$ orepresentgd By ithe GOBROREM  of

t he i npregnated zeolite. In the t hus obtai ned pl ati num supporting
hangen-E%eaﬁ@&mLﬁgyﬁﬁaa zeolite catal yst, the dispersion of the

hal ogen conponents 25 [ ni, f d dt l.atj pum conmponent is highly
di sper sed, so that a'rs")}_&ng{«qr;r% ﬁézacgg?'icg's@silgz irbﬁg}{bé/)gd and a cracking
fﬁ! ECH \6’1![ ;[ xuqmﬁ'feeiréi(?f 8% an alkali metal '\gi‘tantg'fkﬂﬁi)é_agé_aéfﬁp n@aﬁgd a%fd
supporting hg| ogeny ty-Aaned byt mpe zeolite catalyst will be

Typical examples are disclosed on pages 9 and 10 of
10 Japanese Patent Application Laid-open No. 133835/1983 as
well as page 5 of Japanese Patent Application Laid-open No.
80333/1984.

On the other hand, no particular restriction is put

on the above platinum-containing compound, and any compound

15 is acceptable, so long as it becomes a platinum source, but
a platinum salt is usually used. Examples of the platinum
salt include tetrammineplatinum chloride, chloroplatinic
acid, chloroplatinates, tetrammineplatinum hydroxide and
dinitrodiaminoplatinum. These platinum-containing compounds

20 may be used singly or in a combination of two or more
thereof.

Furthermore, examples of the halogen-containing
compound include various compounds. Typical examples
thereof include chlorine-containing compounds such as

25  hydrogen chloride and ammonium chloride, fluorine-containing
compounds such as hydrogen fluoride and ammonium fluoride,
iodine-containing compounds such as hydrogen iodide and

ammonium iodide, and bromine-containing compounds such as



descri bed. The L-type zeolite which can be used in the

pr epar a- tion nethod of thts catalyst is represented by the conposi -
5¢tion fornul a 0. 9-1. 3Merr]err]Aferr]O[err]5 .
0-7 .0S0i[err]0-9H err]O0 wherein M ¥%s~an alkali metal or an al kaline
earth netal; and nis a valence of M Typi cal exanpl es
are di sclosed on pages 9 and 10 of 10 Japanese Patent Application

Lai d-open No. 133835/1983 as wel | as page 5 of Japanese Patent

Appl i cat i on h¥drpggiednenide and gogezivgghromide. These h@hog@e- ot her

hand, no particular, restriction is put on the above . )

pl at i num corfN RIS FRARARNGE dayh Pec §66uSangly Orj in8ceprabnatiaRy | ong

as it becones qt Iatinun1soq{ce, ut a platinumsalt is usually used.
Exanpl es of The £5 Mane theregfic i nclude tetrammi nepl ati num chlori de,

chl oroplatinic acid. chloroplatinates,,tetranm neplatinum hydroxi de
and di ni t r odi afft n%# ﬁ#ﬁﬁﬁ%éﬂeﬁ% m%[mt?’d‘ﬁt Rﬁﬁ‘itr]rauﬂ"(?rrpounds 20
may be ysed gi i i | 0| r e her eof .

Furt her gr e, édéégérr%‘fl(eﬁsg o%%%%&ﬁ%&n&§%%ﬁ§°l%{a cgg%gﬁ{ﬁ'd |£ncl ude
various conpordiSye | £a] E?gqyg t of, shRCLUdE
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chloride, flypid MukBddidihg compcﬁ:fh'ﬂ_)%'&d%h@u?@lééeﬂ¥ﬁ6ﬁ98ﬂn%h§0ri de and

ammoni um f | uori de, I odi ne- cont ai ni ng conpounds “such as hydr dgen

i odide and compo@id® ¢ nfiasilde cadiid ddl itNe- Iantaligi BEsePNROUPEstL Seeh as

lar restriction is put on a technique of the impregnation

10 with the respective components, and there can be employed an
atmospheric impregnation method, a vacuum impregnation
method, an osmosis method or an ion exchange method. Aabove
all, the atmospheric impregnation method and the vacuum
impregnation method are particularly preferable, because

15 these methods permit the uniform impregnation. In this
impregnation treatment, the L-type zeolite may be impreg-
nated with the respective compounds simultaneously or
successively. In the case of the successive impregnation,
no particular restriction is put on the impregnation order

20 of the respective compounds.

After the impregnation treatment has been completed
in this manner, the impregnated carrier is subjected to the
drying treatment in a carrier drifting condition and then
the calcination treatment in accordance with the above

25 method. Drying conditions can suitably be selected in
compliance with various requirements such as kinds of
carrier and active components, but it is preferred that the

drying treatment is carried out under reduced pressure. The



-9- " hydrogen bromni de and amoni um broni de. These hal ogen-
cont ai ni ng conpounds may be used singly or in a conbination of two or
nore t hereof. In the preparation nethod of this platinum 5
supporting hal ogen-treated L-type zeol i<t d0catal yst, a treat ment of

I mpregnating the L-type zeolite wth the pl ati num cont ai ni ng conpound
and t he hal ogen-cont ai ni ng conpounds is firstly carried out. In this
case, no particu- | ar restriction is put on a technique of the

i npr egnat i orpregEuraWitialhaane Hee asiede dugipgnthe sdryimg t teeatnent bis

enpl oyed an at nospheric inpregnati on nethod, a vacuum i npregnation
net hod, an oifARGtedSfiduinnithen naggeeoéninge #BPhBarr speehat evapgrat+ he
at nospheri c i pgpregnati on _net hod_and the vacuum i mpregnatj on net hod

are particul€f (Y2YRRrAm RS discharged fyom Fhéséyﬁ’é?ﬂoggl%eﬁ‘ﬁ%ue% thi form
be' | ot g AL eoer gt e A8 SRIALI, S LERbBAN Ut A AP RS MRS O -
oot ol ot L B R AR Bapne s e
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the. cal ci naton PEE EREE A R WR LT EhEbRB.E08 thay Be ATl
Drying condi {4 ofsr£&Fn Sihd atyiRe Selatwend i n conpliance with various
requi rements such as kinds of carrier and active conponents, but it
is preferred that then the other hand, the calcination treatment is

10 carried out at a temperature higher than the temperature of
the drying treatment, usually at a temperature within the
range of 250 to 350°C. No particular restriction is put on
an atmosphere for the calcination treatment, but the calci-
nation treatment is usually done in air. In this case, the

15 air may be or may not be allowed to stream.

In the thus obtained platinum-supporting halogen-
treated L-type zeolite catalyst, no particular restriction
is put on the amount of the platinum component to be sup-
ported, but it is preferably within the range of 0.1 to 5.0%

20 by weight, particularly preferably within the range of 0.3
to 1.5% by weight in terms of platinum based on the total
weight of the catalyst from the viewpoint of a catalytic
performance. Furthermore, no particular restriction is put
on the amount of the halogen component to be supported, but

25 it is preferably within the range of 0.1 to 5.0% by weight
in terms of the halogen based on the total weight of the
catalyst from the viewpoint of the catalytic performance.

The thus obtained platinum-supporting halogen-



drying treatment is carried out under reduced pressure. The

- 10 - pressure which can be used during the drying treatnent is
selected within the range of 5 to 750 Torr so that evaporat - ed wat er
can be discharged fromthe system In addiiion, a drying tenperature
I's usually selected within the range of 5 roomtenperature to
200[err]C, and the drying treatnent may be conducted at a constant
tenperature or at tenperatures which are being raised. Alternatively,
these ways nayréxtedrbitype zeolitter qaidlyst idam Beyused teatnmeatalyst

On the other hand, the calcination treatnment is 10 carried out at a

t enper at ur e hfQhepreprming aremgeicathydrofarbons amide adgpispdiheeat ment
usually at a tenperature within the range of 250 to 350[err]C. No
particul ar restrictiofiorseyampld, at least ainedjfeatd dnosellleected Eroat aon
treatnment, but _ the calci- nation treatnment is usually done in air. In
this case, thed #zaction, m\ChErctinp wnd Be C8' | Hrretion starde brought

In the thus obtained platinums orting hal ogen- treated L-type

zeolite catal 8O GRPLACY VB the Ahove ipd@tinum-suppegting haéogabunt of
h | ati to b - ' t ed, toptoi . ef bl i t hi
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t he range of . 9 weight in terns of platinumbased on the
t ot al V\%II.%R?)CJO? I%#fie)r&cca aéﬁs/s[' fromthe viewpoint of a catalytic

performance. Further npygn,1\0s POF LA FARIIH, Whe! 87 %raction, and

the C8" fraction include paraffin series hydrocarbons,
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10 olefin series hydrocarbons, acetylene series hydrocarbons,
cyclic paraffin series hydrocarbons and cyclic olefin series
hydrocarbons.

The above paraffin series hydrocarbons preferably
have 6 to 10 carbon atoms, and typical examples thereof

15 include n-hexane, methylpentane, n-heptane, methylhexane,
dimethylpentane, n-octane, methylheptane and dimethylhexane.

Moreover, the above olefin series hydrocarbons
preferably have 6 to 10 carbon atoms, and typical examples
thereof include hexene, methylpentene, heptene, methylhexene,

20 dimethylpentene and octene. 1In addition, the above acety-
lene series hydrocarbons preferably have 6 to 10 carbon
atoms, and typical examples thereof include hexine, heptine
and octine.

The above cyclic paraffin series hydrocarbons

25 preferably have 6 to 10 carbon atoms, and typical examples
thereof include methylcyclopentane, cyclohexane, methyl-
cyclohexane and dimethylcyclohexane.

Furthermore, the above cyclic olefin series hydro-



on the anbunt of the hal ogen conponent to be supported, but 25 it is

preferably within the range of 0.1 to 5.0% by wei ght in terns of the
halogen based on the total weight of the catal yst fromthe vi ewpoi nt
of the catalytic performance. - 12 Fhe thus obtai ned

pl ati num supporting hal ogen- treated L-type zeolite catal yst
can be used as a catal yst for preparing aronmatic hydrocarbons and a
gasol i ne. For exanple, at |least one fraction selected froma
C6 fraction, earons gureferabilly cha3R & rdo fIlackirboncatohe,bandgbypic®l into
cont act mnth t he above plati num supporting hal ogen- treated L-type
zeol i te cat al §zamples Hehetgo b bind ludehaenethylcyalopenicenky degcaoherene,
Exanpl es of the C6 fraction, the C7 fraction, and the C8[err]
fraction |nclmﬂbh$b¢2¢1¢he&ﬁn¢eﬁmdudhmﬂﬂnﬁ@W$JOh£&eneoIef|n seri es

hydr ocar bons, acetyl ene series hydrocarbons, cyclic paraffin series
hydr ocar bons and cycITbe%¢ehY¢F@Q§$hQﬁS may he msecastisgly or in a The
above par ffln series, hydrocarbons preferably have 6 to 10 carbon

at ons, yOPRRI D %‘%’a‘ﬂ%l% R QI MOres thqrﬁ@lfudelﬁ- Radikéonpethg| pent ane,
n- he tane met hyl hex th ent n-octane, methyl heptane and
di meltohyl hexan’é‘-’l‘k‘d‘:-lnal € ¢an prema@‘y ?5 U5e bove olefin series

hydr ocar bons ve 6. t0 .1 arbon

exanpl es thereo %?Y%EP A% i thigtH °He598%ét¥gns in

met hyl hexene, - 204ingl £ﬁ£'BB&%%“K?HE&%E%B%%F%B%O co tgg | L5eR (hlegPQve

acety-
lyst of the present invention, but in order to obtain

10 successful results, it is advantageous that the temperature
is in the range of 350 to 600°C, preferably 400 to 550°C,
the pressure is in the range of 0 to 40 kg/cm’G, preferably
0 to 10 kg/cm’G, and a liquid hourly space velocity (LHSV)
is in the range of 0.1 to 20 hr™?, preferably 1 to 10 hr™,

15 Moreover, a feed ratio of a hydrogen gas/a raw material
hydrocarbon is preferably selected within the range of 0.1
to 50 mol/mol.

Next, the present inﬁention will be described in
more detail in accordance with examples, but the scope of

20 the present invention should not be limited at all by these
examples.

Example 1
(1) Preparation of a catalyst
20 parts by weight of a silica binder (trade name

25 Snowtex, made by Nissan Chemical Co., Ltd.) was added to 100
parts by weight of an L-type zeolite (trade name TSZ-500KOA,
made by Toso Co., Ltd.), followed by kneading and molding.

Afterward, the thus molded sample was calcined at 500°C for



| ene series hydrocarbons preferably have 6 to 10 carbon atons, and

typi cal exanpl es thereof include-hexine, heptine and octi ne.

The above cyclic paraffin series hydrocarbons 25 preferably have 6 to 10
carbon atons, and typical exanples - 1Befeof include

met hyl cycl opent ane, cycl ohexane, nethyl - cycl ohexane and

di net hyl cycl ohexane. Furt hernore, the above cyclic olefin
series hydro- - 12 - car bons
pref erabl y hdvho8rsoitOadar bonobtans, a amlldepilealype zeoletapiich taher eof

i ncl ude net hyl cycl opent ene, cycl ohexene, met hyl cycl ohexene and
dlnethylcycléhéxcne inder. These hydrocarbons may be used singly
or ina 5 conmbi nation of two or nore thereof. 1In addition, the
raffinate can prefer &l fheeoybey. hand, 0.086 g ofbtstnammxnﬁnkauxnnm|ctuon
I's put on conditigns in bringi ng, t he_above hydrocarbon I nt o cant act

vm th the cat ghloride, 02088f gt ae W’é@%@“l%ﬁ#@ﬁv 19 ¢ oy emmoniye al n

suc essf ul ts vant eous that the tenperature
"1 the r Snge CHROSE3%, 85H08r 1 5] 6F  LPRTeraBRYISR AL SN eied Wlththe

pressure is in ng of Q0 to 40 kg/ er&%i refer to 10
kol el err] G €36 &t?aea 0 RERPRYe Bk LA CUb g ogngpprtathing, ippPens
range of 0.1 preferably 1 to 10 hr[err]. 15 Mor eover, a
feed ratio opg%lé ggﬁaégéla raw materi al hydr ocarbon is preferably

selected within the T3H29¢h3E Brlpared impregnation solution was slowly
added dropwise to 5 g of the molded L-type zeolite including
10 the silica binder with stirring to impregnate the zeolite
with the platinum-containing compound and the halogen-
containing compounds.
Next, the thus impregnated zeolite was subjected to
a vacuum rotary drying treatment under a pressure of 40 Torr
15 at a revolution speed of 30 rpm by the use of a rotary
evaporator. At this time, the temperature of the impregnat-
ed zeolite was heated from room temperature to 100°C over 40
minutes and kept at 100°C for 3 hours.
Afterward, the zeolite was calcined at 300°C for 1
20 hour in streaming air to prepare a platinum-supporting
halogen-treated L-type zeolite catalyst.
(2) Evaluation of the catalyst
A fixed bed flow type reactor was filled with
catalyst grains of 32 to 65 mesh prepared by grinding the
25 catalyst obtained in the above step (1), and a conversion
reaction, into aromatic hydrocarbons, of the C6 fraction
having a composition shown in Table 1 was carried out to

evaluate a catalytic performance:



to 50 nol/ nol . Next, the present invention will be described
in ., nore detail in accordance with exanples, but the scope of 20
the present invention should not be limted at all by these exanpl es.
Exanple 1 (1) Preparation-ofil4a-catal yst 20
parts by weight of a silica binder (trade nane 25 Snowt ex, nmade by
Ni ssan Chem cal Co., Ltd.) was added to 100 parts by weight of an
L-type zeolite (trade nane TSZ- 500KOA, made by Toso Co., Ltd.),
fol l owed by kneadi ng andamoudtngf the cafélegswar:d,0.2Be o hus nol ded sanple
was cal cined at 500[err]C for 2 - 13 -
2 hours in air to obtai nPxesshgted L-typekgboiiGe with a silica
bi nder. On the other hand, 0.0.86 g of tetramm neplati num
chloride, 0.088 g of amBemperdtusei de31T®M19 g of ammonium 5  chloride
and 2.1 g of ion-exchanged water were m xed with each other 1,0
prepare a pl ati nunehal og¥HS¥oAWgLghkghPRBLEgSPace velpgin) $oPathbn.
The thus prepared i npregnation solutiagon was slowy added dropwi se to
5 g of tRe ol ded L-typeMPdari FatifcPhdh¥grogen/hydeocarhom: bpnder with
stirring to inpregnate the z oIitg. mﬁég t he pl ati num cont ai ni ng
Reaction, gifg i ngt unds. Next ,

compound and the hal ogen=" C :
the thus inpregnated £ %)elaﬁéc-zenemfie lgjja%%t %d CTIQCS selectivity were calcu-

lated as follows. The results thereof are shown in Table 2.
The benzene yield (wt%) = [(weight of benzene at
10 outlet)/(weight of raw material hydrocarbons at inlet)] x
100
The C1-C5 selectivity (wt%) = [(weight of Cl1-C5 at

outlet)/{weight of (benzene + C1-C5) at outlet}] x 100

15 Table 1
Substance Composition (wt$)
2,3-dimethylbutane 0.7
2-methylpentane 9.3
3-methylpentane 15.3
n-hexane 59.7
methylcyclopentane 13.5
2,4-dimethylpentane 1.0
3,3-dimethylpentane 0.5
Comparative Example 1

(1) Preparation of a catalyst
20 A platinum-supporting halogen-treated L-type zeolite
catalyst was prepared by the same procedure as in Example 1

(1) except that in place of the vacuum rotary drying treat-



a vacuumrotary drying treatnment under a pressure of 40 Torr 15 at a

revol ution speed of 30 rpmby the use of a rotary evaporator. At this
time, the tenperature of the inpregnat- ed zeolite was heated from
roomtenperature to 1000C over 40 -mhutes and kept at 100[err]C for 3
hours. Afterward, the zeolite was cal cined at 3000C for 1 20
hour in streamng air to prepare a plati num supporting

hal ogen-treated L-type zeolite catal yst. (2) Eval uation of

the catal ystment of the impyeqgnatkefl mebXiteniny Fxampde: dr (Wds thel ddyihgh

catal yst grains of 32 to 65 nesh prepared by grinding the 25 cat al yst

obt ai ned i n tKeatBenk wasppeunformed by Ahstigsiothe impresastednzephise

aromati ¢ hydrocarbons, of the C6 fraction havin%ﬁ% conposition shown
t

in Table . wh® &hAPfedNodtdryer, heating ud £rom FOM LeBPSEALYRatOe:
unt of tré% cat al

Pr égsijr e 108°¢ pv&r 4 ]migu es, and then ee%?@ﬁpy:g.?ﬁfégqocs Atk c

VHSV (megght hogrly space velocity): 32 hrferr] 5 Mol ar
rati o of hydP88 ﬁfhydrocarbon: 5 Reaction tine - 5 hr

ol lone. The resul s (Zher EpPLAFEEER R Pheé Tt e The
benzene yield (M% pok( YREIBLrPErREAGENSE Hhe catalyst obtained in the
above (1), evaluation was made in the same manner as in
Example 1 (2). The results thereof are shown in Table 2.
10 Example 2
(1) Preparation of a catalyst
A platinum-supporting halogen-treated L-type zeolite
catalyst was prepared by the same procedure as in Example 1
(1) except that the vacuum rotary drying treatment of the
15 impregnated zeolite in Example 1 (1) was replaced with an
atmospheric rotary drying treatment.
(2) Evaluation of the catalyst
For the performance of the catalyst obtained in the
above (1), evaluation was made in the same manner as in
20 Example 1 (2). The results thereof are shown in Table 2.
Example 3
(1) Preparation of a catalyst
A platinum-supporting halogen-treated L-type zeolite
catalyst was prepared by the same procedure as in Example 1
25 (1) except that the vacuum rotary drying treatment of the
impregnated zeolite in Example 1 (1) was carried out by
heating the zeolite from 40°C to 100°C over 2.5 hours, and

then keeping it at 100°C for 30 minutes.



10 outlet)/(weight of raw material hydrocarbons at inlet)] x 100

The CJerr] selectivity (ww% = [(weight of Clerr] at outlet)/{wei ght
of - (benzene + CJerr]) at outlet}] x 100 15
Table 1 Substance - 16 - Conposition (W%
2, 3-di nmet hyl but ane 0.7 2- met hyl pent ane
9.3 3- net hyl pent ane 15.3 n- hexane
59.7 met hyl cycl opent ane 13.5
2, 4-di net hyl pentane (2) Evaluatiod.®f the catalys 3-di net hyl pent ane
0.5 Conparative Exanple 1 (1) Preparation of
a catalyst 20 For theppetrformascepof tihe detadgst obdatieed -iny phe
zeolite catal yst was_prepared by the sane procedure as in Exanple 1
(1) except tﬁhﬂvﬁn(}éb acevaiuahion ams mads dity tdheisege méaner as in
_ 15 - ment of the inpregnated zeolite in Exanple 1 1%, t he drying
treat nent waB%pEPL8r heli2by ThevkeRpite theaneqfhatsd shown d@ Table go stand
in a dryer, heating it fromroomtenperature to 100[ err] C over 40
m nut es,?and then keeping it at 100[err]C for 3 5 hour s.
(2) Evaluation of the catalyst Table 2For the performance of the
catal yst obtained in the above (1), evaluation was made in the sane
manner as in Benzene Yield | C1-C5 Selectivity
(wts) (wt%)

Example 1 56.5 5.8

Example 2 55.9 6.0

Example 3 58.2 4.0

Comp. Ex. 1 49.7 6.8

The catalytic performance excels with an increase in
10 benzene yield and a decrease in Cl-C5 selectivity. As
understood from the results in Table 2, the catalysts of
Examples 1 to 3 in which the drying treatment has been
carried out under the rotation have the higher benzene
yvields and the lower Cl-C5 selectivities as compared with
15 the catalyst of Comparative Example 1 in which the drying
treatment has been carried out by still standing.

According to the present invention, when a catalyst
is prepared by impregnating a carrier with an active compo-
nent and then performing a drying treatment and a calcina-

20 tion treatment, an activity of the catalyst can be improved
by carrying out the drying treatment of the impregnated
carrier in a carrier drifting condition. If this method is
applied to the preparation of a platinum-supporting halogen-

treated L-type zeolite catalyst which can be used as a



Example 1 (2). The results thereof are shown in Table 2. 10

Exanpl e 2 (1) Preparation of a catal yst A
plati num supporting hal ogen-treated L-type zeolite catal yst was
prepared by the same procedure as in Exanple 1 (1) except that the
vacuumrotary drying treatnent of the 15 i npregnated zeolite in Exanple
1 (1) was replaced with an at nospheric rotary drying treatnent.

(2) Evaluation of the catalyst For the performance of the
catal yst obtaahatysh for the produstiqn )of arematdcohydaocagbenenorhtheane
manner as in 20 Exanple 1 (2). The results thereof are shown in Table
2. like, Ekh@peecan be obtained a (cAtaiyStarist WHCHf aa éﬁ?ﬂﬁ}"é?'
A pl ati num sypporting,hal ogen-treated L-type zeglite

prepared by #ﬁé 3aHEVHEBcRELFEPERVES andiipIFacking Se@fftéY&€§t %FSFlPﬁe

vacuun1rotar¥ élng treatnment of the i npregnated zeolite in Exanple
1 (1) was caff *out by heating the zeolite from40[err]C to
100[err] C over 2.5 hours, and t hen keeplng it at 100[err]C for 30

m nut es. 16 - (2)
Eval uation of the catalyst For the performance of the

catal yst obtained in the above (1), evaluation was made in the sane
manner as in Exanple 1 (2). The results thereof are shown in Table 2.

5



Table 2 ° Benzene Yield d-C5 Selectivity

(W9 . (W % - Exanple 1 56. 5

5.8 Exampl e 2 55.9 6.0

Exanmpl e 3 58.2 4.9 18 - Conp. Ex. 1

49. 7 6.8 The catal ytic performance excels with
an increase in 10 benzene yield and a decrease in O-C5 selectivity. As
understood fromthe results in Table 2, the catal ysts of Exanples 1
to 3 in whi cHHRReI8r GLAZMEPeEBent has been carried out under the
rotation have the higher benzene yields and the | ower O -C5
selectivities as conpared with 15 the catal yst of Conparative Exanple 1
in which the drying treatment has been carried out by still standing.

According to the predent A REERPAOROTWRERPArtRd of y2atalyst Which Gommidspy
et T ogB e sfapd 0f) SPnfStnaBisd R Farrien ikl Abive COMBO-0f fho.
t al t d t. the d t t of th
A sl e B L A O g,

S app d e [ e
treated L- ty%ggzg% eggggaﬁgg?ﬁgh caﬁaé 5%5%%3& it RHi9¢ Rhe

- 17 - ca&ab&atgna%at BSrPiQPUES'PH é?fdf‘iPEEPﬁd %é}yﬂ&f&{ bons or the

| i ke, there can bé obtained a catalyst in which an aromatiz- 1ing activity

I's inproved and a cracking selectivity deterio-

2. The method for preparing the catalyst according
10 to Claim 1 wherein the carrier is an L-type zeolite, the
active compénents are a platinum-containing compound and one
or more halogen-containing compounds, and the obtained
catalyst is a platinum-supporting halogen-treated L-type
zeolite catalyst.
15
3. The method for preparing the catalyst according
to Claim 1 or 2 wherein the drying treatment is carried out
while a drying container including the impregnated carrier
is rotated.
20
4. The method for preparing the catalyst according
to any one of Claims 1 to 3 wherein the drying treatment is
carried out under reduced pressure while a drying container
is rotated.
25
5. The method for preparing the catalyst according
to Claim 3 or 4 wherein a revolution speed of the drying

container is in the range of 0.5 to 200 revolutions/minute.
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rates. - 18 - WHAT IS CLAI MED

| S o 1. A nmethod for preparing a catal yst which conpris-

es the steps of inpregnating a carrier with active conpo- 5 nents,
drying the inpregnated carrier, and then d#l i ning t he sane, said
drying treatnent being carried out while the i npregnated carrier is
inadrifting condition. 2. The nethod for preparing the
catal yst according 10 to Claim31 wherein the carrier is an L-type
zeolite, the acbi veThenpetked sforr prepdzimogdinec catailyshgacoopding and
one or nore_hal ogen-cont ai ni ng conpounds, and the obtai ned

catal yst is at®l@tabnnd seippdbryhersitnitdge divriag sdeptmept is carziéedioet
catalyst. 15 |, . 3. The nethod for preparing the catalyst
according  Whil® @ drydng gontajnatiinalyding ithe impiegpatedscasrierd out
while a drying cogtginer i ncluding the inpregnated carrier IS
rotated. 20 18 shaken. 4. The method for preparing the catalyst
accordin to any one of Clains 1 to 3 wherein the drying treatnent is
carried out under reduced pressure while a drying contai ner IS
rotated. 7. The method for preparing the catalyst according

to any one of Claims 1 to 6 wherein the drying treatment is

carried out while the impregnated carrier is being heated.

10 8. The method for preparing the catalyst according
to Claim 1 or 2 wherein the drying treatment is carried out
while there is given, to the catalyst particles, such a
shaking force as to permit moving the portions of the
catalyst particles which contact the other catalyst parti-

15 cles at any time.

-
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25 | ) 5. *The nethod for preparing the catal yst according

to daim3 or 4 wherein a revol ution speed of the drying container is
in"the range of 0.5 to 200 revol utions/ m_nute.

- 19 - 6. The nethod for €paring the catal yst according
to Caiml1l or 2 wherein the drying treatnent is carried out while a
drying container including the inpregnated carrier i s shaken. 5

7. The nethod for preparing t Yy to any one of
Clains 1 to 6 wherein the dry‘i{ﬁﬁfﬁﬁé@erﬁ%&%&%w@%rled out while the
i npregnated carrier is being heated. . The method for
preparing the catal yst according to CI aiml or 2 wherei n the dry| ng

treat ment is carried Olld&t _ atlﬁer{ agca % 1.% th e&:ﬁt I
particles, such a ﬂ?ﬁ% as er A ok ng T Né por | ons of
t he {:ﬂﬁé& WRLIER Cé&ﬁpi%éé‘ &fé‘tﬁé‘épé *Eﬁf UFegndtdnyst Batklier 19

cles at any
5 with active components, particularly a platinum-containing

compound and one or more halogen-containing compounds,
drying the impregnated carrier, and then calcining the same,
said drying treatment being carried out while the impregnat-
ed carrier is in a drifting condition. According to the

10 above method, an activity of the catalyst can be improved,

and a cracking selectivity can be reduced.



