PREPARATI &> COF | SOVERI ZATI ON CATALYST COWVPOSI TI ON Background Of t he

| nvention This invention relates to the preparation of G gupg=¥tt
met al - cont ai ni ng catal yst conpositions, which are effectl\eTHES&%EéHVA$§EEN
for isomerizing saturated [err] hydrocarbons. Supported Glloup VREPLAGERI -

and chl ori de- containing conpositions for al kane isonerizattormmr reactions
are well known, and are described in the-pdtent literature, e.g., in US.
patents 5,004, 859 and 4, 149, 993. However, there are ever present incentives
for the devel opnent of new, effective nethods of preparing them Summary of
the Invention It is an object of this invention to provide a novel nethod
for preparing supported, Goup VIII netal- and chloride-containing catalyst
conpositions. It is a specific object of this invention to prepare a

catal yst conposition which conprises platinum chloride and alumna. It is

anot her specific object of this invention to prepare a catalyst conposition
whi ch conprises pal | 2METHAD thP%EHABéN%AdC&TAMSEdJOMPBSIHOHt| | 1 anot her
specific objective to prepdi0® BSOMEREAINGt HRAHARBONSon conpri si ng ni ckel ,
chloride and alum na. O her objects and advantages w || becone apparent
fromthe detail ed description and the appended clains. In accordance with
this invention, a nethod of preparing a solid Goup VIII netal- and

chl ori ne-cont ai ni ng conposition conprises: (1) mxing dry alum num

chloride (A d3) Background of the Invention

This invention relates to the preparation of
Group VIII metal-containing catalyst compositions,

5 which are effective as catalysts for isomerizing -
saturated C,-Cg hydrocarbons.

Supported Group VIII metal- and chloride-
containing compositions for alkane isomerization
reactions are well known, and‘are described in the _

10 patent literature, e.g., in U.S. patents 5,004,859 and
4,149,993. However, there are ever present incentives
for the development of new, effective methods of '
preparing them.

Summary of the Invention

15 The invention provides a novel method for
preparing supported, Group VIII metal- and chloride-
containing catalyst compositions. The invention also
deals with preparing catalyst compositions comprising
platinum, chloride and alumina, palladium, chloride and

20 alumina, and/ox ﬁickel, chloride and alumina.

In accordace with this invention, a method of
preparing a solid Group VIII metal- and chlorine-
containing composition compfises: '

(1) mixing dry aluminum chloride (A1C13) with

25 a solid material which comprises (i) at least one Group

" VIII metal selected from the group consisting of
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with a solid material which conprises (i) at |east one Goup VIII netal

sel ected fromthe group consisting of CASE: 33382 -2- platinum

pal | adi um and nickel and (ii) alum na as the support; (2) heating the

m xture obtained in step (1):in a substantially inert gas atnosphere at a 5
tenperature of about [err] for a tine periLog af at |east about 10 m nutes;
and (3) treating the material obtained in step (2) with a hydrogen

chl ori de- cont ai plagkiyasm Atpsl Yedingk aind endékéboarid [ ¢11] ADiminai 48 €Rai od
of at 10 Ieasttgﬁf Uiy 10 mnutes. Preferably, the solid materi al

conpri sing compon ? and (ii) which is used in step (1) has been
prepared by a mnethod corrpr(%)l mpating )themixtuxe nptaimedaini stept (1kast

one 15 comound of duliu iy Bk ssfgecsado; §634 Nge LD _consi st i ng

of platinum paIIadlun1and nlcke (g Cl ning t regnat ed_al um na

obt ai ned i n3st eFeEPeTAtUre & 8- 3Eex Te? e Reried | € akriod
of at |east abolleadt rahuﬁtesn.o m.nuﬁw; (@ndtreating the calcined naterial

obtained in step (b) wth (33) druecal.tr}.%ggat%é e:rlaeti.ee:r'f‘at.)i Bata:l.ned in step
(2) with a hydrogen chloride-containing gas at a
temperature of about 300-700°C. for a time period of at
10 least about 10 minutes.
| Preferably, the solid material comprising
components (i) and (ii) which is used in step (1) has
been prepared by a method comprising: -
(a) impregnating alumina with at least one
15 compound of a Group VIII metal selected from the group
consisting of platinum, palladium and nickel;
~ (b) calcining the impregnated alumina
obtained in step (a) at a temperature of about 300-
650°C. for a time period of at least about 10 minutes;
20 and : _

(c) treating the calcined material obtained
in step (b) with a reducing gas (preferably a free- .
hydrogen-containing gas) at a temperature of about 200-"
550°C. for a time period of at least about 10 minutes.

25 Detailed Description of the Invention

Any suitable alumina material can be used in
step (a) of the preparation method of this invention.
Suitable aluminas include (but are not limited to)
hydrated alumihas (such as boehmite, pseudoboehmite,

30 bayerite), alpha-alumina, beta-alumina, gamma-alumina,
delta-alumina, eta-alumina and theta-alumina,
preferablf gamma-alumina. The alumina material
generally has a surface area (determined by the BET

~ method of Brunauer, Emmett and Teller employing N,) of

35 about 100-400 mz/g, a pore volume (measured by nitrogen
intrusion porosimetry) of about 0.2-1.0 cm3/g, and a
particle size of about 8-200 mesh. The alumina



hydi ogen- contai ning gas) at a tenperature of about 200- [err] for a tinme
period of at |east about 10 m nutes. 25 Det ai |l ed Description of
the Invention Any suitable alum na material can be used in step (a) of the
preparation nmethod of this invention. Suitable alumnas include (but are
not limted to) hydrated alum nas (such as Boehm te, pseudoboehmte, 30
bayerite), al pha-alum na, beta-alum na, gamma-al um na, delta-al um na,

et a- al uni na and gawtiieléa tam, bq)rsﬁlmmt&g/lgaﬁmmmm gl sbhall) NG

material generall f 2 hod of
Brunauer, Emmett %‘n?@? ﬂly ‘%"F"oy.‘ﬁgi ab%%?%%gafg%i’ﬁﬂlg, a
pore vol une (rremféﬂ’-‘%ﬂ rnlﬂ-mgzm pant Qﬁh wwm&;@cﬂ extrndates . 0
[err], and a parid Gle wifO erd Yoph P CBEY. i n @i €8 have Ssmanﬁer

partlcles can be spherical, lindrical, triJobal, or can have an

sui tabl e sh&pe. 2 Fhe &t ﬁg/%r‘%%ﬂmlﬁaa%a?Wzd éta?el%%frﬂﬁl cal
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anount s of tita n V.. as at a |l evel of "about 0.05-1 wei ght %
Ti) present in zl(gi% ﬁgsaér#atlenr i pusceac? in step (a). Any suitable platinum
conpound (preferabl y wat eAnyo|aud tablen plat irnon compdundit (prafarabiky G oup

10 VI retal (ool il &)t Yad Pe Usdd'ad e i¥hst one Group

10 VIII metal compound in step (a) of the preparation
method of this invention. Suitable Pt compounds
include (but are not limited to) platinum(II) chloride,
platinum(IV) chloride, hexachloroplatinic(IV) acid, -
ammonium hexachloroplatinate (IV),

15 tetrammineplatinum(II) chloride, tetrammineplatinum(II)
carbonate, tetrammineplatinum(II) hydroxide,
dichlorodiammineplatinum(II),
tetrachlorodiammineplatinum(IV), platinum(II) nitrate,
platinum(IV) nitrate, hexammineplatinum(II) nitrate,

20 hexammineplatinum(IV) nitrate, diammineplatinum(IV)
nitrite, diammineplatinum(II) oxalate, and many other
complex (coordination) compounds of divalent and

tetravalent platinum. Presently preferred is
hexachloroplatinic acid, HyPtCle.

25 Any suitable palladium compound (preferably
water-soluble) can be used as the at least one Group
VIII metal compound in step (a) of the preparation
method of this invention. Suitable Pd compounds
include (but atre not limited to) palladium (II)

30 chloride, palladium(II) nitrate, palladium(II) sulfate,
palladium(IV) chloride, hexachloropalladic(IV) acid
(H,PdCl¢) , ammonium hexachloropalladate(IV),
tetramminepalladium(II) nitrate,
tetramminepalladium(II) chloride,

35 tetramminepalladium(IV) nitrate, tetrammine
palladium(IV) chloride, and other coordination
compounds of divalent and tetravalent palladium.



met hod of this invention. Suitable Pt conpounds include (but are not
limted to) platinum(Il) chloride, platinun(lV) chloride,

hexachl oropl atinic(1V) acid, - anmonium hexachl oroplatinate(lV), 15
tetramm neplatinun(I1) chloride, tetrammeplatinunm(ll) carbonate,

tetramm nepl ati nun(l1) hydroxide, dichlorodgagm neplatinum(I1),

tetrachl orodi anm nepl ati nun(1V), platinum(ll) nitrate, platinun(lV)
nitrate, hexam nepl ati numady suital¥s citkel e | giFdEekddiynitrate,
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10 sulfate, and other coordination compounds of divalent
nickel. Presently preferred is nickel (II) nitrate,
more preferably Ni(NO3)2-6320.

It is within the scope of this invention to-
have a dissolved titanium compound also present in step

15 (a) of the preparation method of this invention, in
particular when the alumina contains no Ti. Aany
soluble (preferably water soluble) titanium compound
can be used in step (a), either before or
simultaneocusly with or after the impregmation with at

20 least one compound of at least one Group VIII metal )
(more preferably platinum). Suitable Ti compounds
which can be employed in this embodiment include (but
are not limited to) tltanium halides (such as TiCly) »
tetraalkyl titanates of the general formula Ti(OR),

25 wherein each R is a alkyl group (such as tetraethyl
titanate, tetra-n-propyl titanate, tetraisopropyl
titanate, tetrabutyl titanates), and water-soluble
alkanolamine titanates (such as those described in U.S.
Patents 2,824,114; 2,935,522; 2,950,174; 3,028,297;

30 3,694,475; 3,892,791 and 4,621,148). These latter
compounds are generally prepared by reacting one mole
of a tetraalkyl titanate with 1-4 (preferably 2) moles
of an alkanolamine selected from the group consisting
of ethanolamine, diethanolamine, triethanolamine

35 (preferred), monoisopropylamine, diisopropylamine and
triisopropylamine. Each of the alkyl (R) groups (which
may be the same as or different from one another) of



-4- Any suitable nickel conmpound (preferably water-soluble) can be used as
the at |l east one Goup VIII netal conpound in step (a) of the preparation
nmet hod of this invention. Suitable Ni conpounds 5 include (but are not
limted to) nickel(1l) chloride, nickel (Il) nitrate, nickel(ll) sulfate,
amoni um ni ckel (1) sulfate, nickel (11) acegate, nickel (11) oxal ate,
hexameni ckel (11) chloride, hexamm nenickel (11) nitrate, hexam nenickel (I1)
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10 bzs(triethanolamine) titanate and 20 weight-% of
isopropanol is commercially available from DuPont de
Nemours and Co., Wilmington, DE, under the product
designation of "TYZOR" TE TITANATE (wherein "TYZOR" is
a registered trademark of DuPont).

15 The alumina material can be impregnated in
step (a) with at least one dissolved Group VIII metal
compound in any suitable manner, such as by incipient
wetness impregnation, or by spraying with an
impregnating solution containing at least one dissolved

20 Group VIII metal compound. Generally, the total '
concentration of the at least one Group VIII metal
compound (i.e., at least one Pt compound or at least.

_one Pd compound or at least one Ni compound or mixtures
of compounds of different Group VIII metals) in the

25 impregnating solution generally is in the range of
about 0.01-2 mol/l. Preferably, the solvent of the
impregnating solution is an alcohol (such as ethanol)
and/or water (the latter being presently preferred).

If it is desired to also impregnate the alumina with at

30 least one Ti compound (in particular, when the at least
one Group VIII metal compound is at least one Pt

. compound), this can be done before or concurrently with
or after the impregnation with the at least one Group
VIII metal compound. The concentration of the Ti

35 compound in the impregnating solution generally is
about 0.01-2 mol/l. The solvent of this impregnating
solution can be water and/or an alcohol (such as



al kanol am ne titanates (such as those described in U S. Patents 2,824,114,
2,935,522; 2,950,174; 3,028,297; 30 3,694, 475; 3,892,791 and 4, 621, 148).
These | atter conpounds are generally prepared by reacting one nole of a
tetraal kyl titanate with 1-4 (preferably 2) noles of an al kanol am ne

sel ected fromthe group consisting of ethang am ne, diethanol am ne,

tri et hanol am ne 35 (preferred), nonoisopropylam ne, diisopropylam ne and
triisopropylaninﬂﬂuﬁmsh)oérthnyabkuér(E&igabmaslithdhiﬂayhbehtbhesane as

or different fr 55t y nat [err],
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al um na materi al npregn
with at least one Ti compound is also carried out, the

weight ratio of the Ti-containing impregnating solution
to the alumina material generally is such as to attain
a weight percentage of about 0.05-1.0 weight-% Ti (om
an elemental basis) in the finished composition.

15 In step (b), the Group VIII metal impregnated
alumina material is heated (calcined) at a temperature
of about 300-650°C. (preferably 450-550°C.), generally
for a time period of about 0.5-20 hours (preferably
about 2-4 hours). This calcining step can be done in

20 an inert atmosphere (e.g., N,, He, Ne, Ar and the like)
or in an O,-containing atmosphere (e.g., air).
Preferably, a drying step (generally at about 80-
150°C.) precedes heating step (b).

In stép (c), the calcined material obtained

25 in step (b) is treated with a reducing gas, generally a.
gas (preferably a gas stream) which generally comprises
(preferably consists essentially of) free hydrogen
(H,), generally at a temperature of about 200-550°C.
(preferably about 350-450°C.) for a time period of

30 about 0.5-20, preferably about 0.5-10 hours. Other,
less preferred reducing gases include (but are not
limited to) carbon monoxide, C;-Cg alkanes, and C,-Cg
alkenes and C,-C, alkadienes.

In step (1) of the preparation method of this

35 invention, dry AlCl; is mixed with a Group VIII metal-
containing alumina, preferably one having been obtained
by the above-described method comprising steps (a)-(c).



step (a) with at | east one dissolved Goup VIII netal conpound in any
suj t abl e manner, such as by incipient wetness inpregnation, or by spraying
with an inpregnating solution containing at |east one dissolved 20 G oup
VI1I nmetal conmpound. GCenerally, the total concentration of the at |east
one Group VIIl netal conpound (i.e., at |gagt_one Pt conpound or at |east
one Pd conmpound or at |east one Ni conpound or m xtures of conpounds of
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10 700°C. (preferably about 625-§75°C.), generally for a
period of time of about 0.5-20 hours (preferably about
0.5-2 hours). This heating is carried out in an inert
gas stream (e.g., N, He, Ar), preferably in a upflow
mode. It is presently preferred to carry out

15 preliminary heating steps (more preferably in upflow
inert gas'streams) before step (2): heating the
mixture obtained in step (1) from room temperature
(about 10-40°C.) to a temperature of about 200-250°C.
within a time period of about 0.5-5 hours, heating the

20 material at about 200-250°C. for a time period of about
1-20 hours, and increasing the temperature from about
200-250°C. to about 450-700°C. (more preferably about
625-675°C.) within a time period of about 0.5-3 hours.
A particularly preferred mode of operation is described

25 in Example IV. i

Chlorination step (3) is carried out by

heatiﬁg with an HCl-containing gas. The HCl treatment
step is carried out at a temperature of about 300-
700°C. (more preferably about 400-650°C.) for a period

30 of time of about 0.2-20 hours (preferably about 0.5-2
hours). Pure HCl gas can be used, but generally HCl is
diluted with an inert gas (e.g., N,, He, Ne, Ar),
preferably such that the HCl-containing gas mixture
contains about 10-30 weight-% HCl. The HCl-treated

35 material generally is cooled to room temperature (about
10-40°C.), preferably in an inert gas atmosphere.
Preferably, step (3) is carried out in an upflow mode,



I mpregnating solution to alumna in step (a) is such as 5 to attain a

wei ght percentage of about 0.1-5 (preferably about 0.2-2) weight-% G oup
VIIl metal (on an elenental basis) in the finished conposition (i.e., the
material obtained in the last step of the preparation nmethod of this

i nvention). If inpregnation 10 wth at Legst one Ti conpound is also
carried out, the weight ratio of the Ti-containing inpregnating solution to

the al um na nat ehiizh gemerally iresulds dhn t Mideivhifors Finiteent age of
about 0.05-1.0 V\Blt%fit %)TI (on an elenmental basis) in the finished

conposition. 15 In step (b), the Goup VIII netal inpregnated
alum na material is heat ea'h(eczﬁinﬂshﬁd ata talystp araxtposd tifora ohttaffmesd [in

(preferably [er gl %grjeggln) 9% & A bt PRou (g,one Iﬁ‘ﬁgé; an
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The catalyst prépared by the method of this
invention can be employed in the isomerization of -*
. saturated C,-Cg hydrocarbons (alkanes and/or
15 cycloalkanes, preferably normal alkanes). -Examples of
suitable feed hydrocarbons include (but are not limited
to) normal butane, normal pentane, normal hexane,
normal heptane, normal octane, cyclohéxane,
methylcyclopentane, cycloheptane and methylcycloheptane
20 (more preferably n-butane), generally in the presence
of hydrogen. These so-called hydroisomerization
processes are well known and have been described in the
patent literature (e.g., in U.S. Patent No.’s 4,149,993
and 5,004,859). Generally, hydrogen is mixed with the
25 saturated feed hydrocarbon to form a feed mixture which
is contacted with the isomerization catalyst of this
invention contained in an isomerization zone. The
concentration of the hydrogen in the feed mixture
during this céﬁtﬁcting step shall be such as to provide
30 a hydrogen:hydrocarbon molar ratio of at least about
0.01:1, generally about 0.01:1 to about 5:1, preferably
about 0.02:1 to about 2:1. The basic isomerization
reaction conditions are well known and can be varied to
achieve the desired conversion of the feed hydrocarbon
35 to the desired isomer in a manner known in the art.
Also, the recovery of the product isomer from the
reaction mixture can be carried out by any suitable



al kenes and C4-C6 al kadienes. In step (1) of the preparation nethod of this

35 invention, dry [err] is mxed with a Goup VIIl netal- containing
al um na, preferabl y one havi ng been obtained by the above-described net hod
conprising steps (a)-(c). -7- Cenerally, the weight ratio of [err] to

the Goup VIII netal-inpregnated alumna [sgin the range of about 0.05:1 to
about 1:1, preferably about 0.1:1 to about 0.3:1. [err] is generally
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nmetal - i npregnate erabl y iin a dry as enviro msnt In
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for a period of  }igMa %1?&? o@g%ﬁ@:@%”r&( 36f A j3out [err] hours).

This heating is carrle Inert gas stream (e.g. YEg‘err]) preferably:
in a upflowPnode. It is pleneny Ypr@amwrot@alrrff caphan mAndr y

heating steps ( HQI @il eoaitalited Rritl [thid idaalydts (FendTELY Prddant ep
(2): heating t m xt_yre og ned in ste 4%% ron1roon1te erature (about
[err]) toaten%@'rétﬁr‘é‘egf z??aut“[@r ‘5& e FPex; % 0.5-5
hours, heating abeu®0200t#.qr 'pa:lefa‘raaﬂqutat[ g rt]enb@raﬁnerrbﬂoaha:rt a@ombout
500°F. In the preferred case of n-butane
10 isomerization, the temperature is generally about 250-
400°F. Generally, the liquid hourly space velocity of
the saturated hydrocarbon feed stream, i.e., cc of
liquid feed hydrocarbon per cc of catalyst per hour, 4is
about 0.1 to about 15. Generally, the reaction
15 pressure is within the range of 200 psig to about 1500
psig in the isomerization zone. ‘The gas hourly space
velocity of the hydrogen feed stream is generally about
10-2,000 (preferably about 50-3950) cc H, per cc
catalyst per hour (so as to give the above-recited
20 Hz=hydrocarbon ratio). In order to activate the
catalyst and to retard its deactivation during the
igsomerization reaction, about 0.001 to about 1 weight
percent chloride is frequently added to the alkane
feed, generally in the form of at least one
25 chlorocalkane (described above), preferably carbon
tetrachloride, chloroform, ethyl chloride or isopropyl
chloride. '
When the catalyst, after it has been in use
in the hydroisomerization process, has lost its
30 activity to the extent that the desired alkane
conversion can no longer be attained at the desired
reaction temperature, the catalyst can be reactivated
by turning off the flow of the saturated feed
hydrocarbon while maintaining the flow of the H, stream
35 through the isomerization catalyst, generally at about
the same gas hourly space velocity of H, as in the
isomerization reaction. The temperature in this



1-20 hours, and increasing the tenperature fromabout [err] to about [err]
(nmore preferably about [err]) within a tine period of about 0.5-3 hours. A
particularly preferred node of operation is described 25 in Exanple IV
Chlorination step (3) is carried out by heating with an HC -containi ng gas.
The HCO treatnent step is carried out at _afgdermerature of about 300- [err]
(nore preferably about [err]) for a period 30 of tinme of about 0.2-20

hours l(lpreLgabEéa’tfﬁl:[Uiadﬁl&?ﬁs&wrQ getéraliy m&%&%m%-b&ﬁ the
generally I | ut.e an |
preferably suchaﬁ?ﬁ t\lqlﬁ qﬂ'ﬁ%(’?ﬂ’gﬁﬂ %‘tﬁe‘m%&d&mﬂo@%o

wei ght - % HCL. TidowriSand dat ah:ﬁiizermms | méagtehatidny effeaxol edln otheom

tenperature (ab deaa zgaea‘tg.,,gal%y :1 qn@é]el rztegfc}ﬁ rga&p?&%}am

Preferably, ste is carrie I n-an u’p

general |y r8sul eonaisting easantiahly m%Mﬂmwﬁg Papasd | throngh
catal yst cormOSIeuieoe,aq*etﬂlrlqﬂ ddactiiffatied LR %Wdt%?ﬁy

(preferably 5 about %ﬁ#%gt %of Grou V\/\)@ tal, . (th and/oro%éd
and/or Ni) and Zp&EEPeT % ‘ﬁr%e 49y
bound as chl ori dap.°F.Jhansdiraf m!svar(gas uw&mlap&e a#amiamb P talsdet Si ze
of 10-2,000 cc H, per cc catalyst per hour (more

10 preferably about 50-950 cc/cc/hour), for a time period
of about 2 hours to about 10 days (more preferably
about 5 hours to about 7 days). Thereafter, the
reactivated catalyst is redeployed in the alkane- -
hydroisomerization of saturated C4-Cg hydrocarbons, as

15 described above. _ _

The following examples are provided to
further illustrate this invention and are not to be
considered as unduly limiting the scope of this
invention.

20 Example I _

This example illustrates the preparation of
several chlorinated Group VIII metal-containing alumina
compositions (useful as catalysts for alkane and/or-
cycloalkane isomerization).

25 Catalyst Al (Control) was prepared as
follows: About 130.0 g dry gamma-alumina (provided by
Criterion Catalyst Company, Houston, TX) was
impregnated (by incipient wetness at room temperature
in an 'air atmosphere) with an aqueous platinum-

30 containing solution containing 1.13 g HoPtClg, 1.13 g
HCl and 73.67 g H,0. The Pt-impregnated material was
air-dried (first under vacuum at room temperature, then
at about 125°C.), heated for 2 hours in air at about
525°C., and then reduced by treating for 2 hours in

35 flowing hydrogen gas.at 425°C. 15.0 grams of the
reduced material, which contained about 0.34 weight-%
Pt, was then heated in an upflowing He/HCl gas stream



the finished catal yst conposition are approximately the 10 sanme as those
of the alumna starting material (recited above). The catal yst prepared by
the nethod of this invention can be enployed in the isonerization of --
saturated C4-C8 hydrocarbons (al kanes and/ or 15 cycl oal kanes, preferably
normal al kanes). Exanples of suitable feedshydrocarbons include (but are
not limted to) normal butane, normal pentane, nornal hexane, nornal

hep}]alne, InoLmaI ((quoe.-,af?/(aﬂ)lma?m,o blﬁﬁ/lﬁ&lﬂg,ﬁﬂpg@ﬁ@&&tg:ﬁ:ﬁ §: (5 O ag‘uaoh and
met hyl cycl ohept an e prefera - an er.a in the
presence of hyd?é’gg’ﬁ'.n“ﬁ?gg?" o-cz’ﬂ“é'd‘r%c#cdl 'm%ﬁn‘%ﬂ%ﬁ%es are wel |
known and have materdiadcwaseddoledheoaicont Henpearture (@and) mixed Wwikh
Patent No.'s 4, 34349 ?gﬁd 04, 8 . I [ ] (th
the 25  sat u,rataégcf(%g y&?ggér'boﬁ‘ooor%n?‘#éé er%??&%eh \,%%)ifésja%&
contacted whth 8% 6580Fer iBa@ SrycRedipm gws mhreamShawo Fatan dited in an
i soneri zation zeeymihite)OFeRN il Aoued,0ftd1NPwadl HidKbd1ldd ad aksball Xt Ure
during this con aCtIQ%ﬁft;P'Sh%b! e nghggﬁméﬁgﬁépv'de 3 a

hydr ogen: hydr oc XFBBR %2 A& iS008t A% ®.01: 1, generally about
0.01:1 to about 5:1, prefQathalysba2t (In¥antiiom)alwast preparid iinsic

| somerization r ' Nngisth O a I varied to

achi eve the des??%éké&%ﬁ\%%r ngj't('):r&l1 (['}?let %%eﬁgéjaéy%%%gg%&%%%giﬁ% t he desired

i somer in d0nandovertdan i(whikh gemprises HGle treadwent @fter product
I somer from thecrgatment WithUA2cly) BB F¥1UcwA 04300 i diifiha

(from Criterion Cétalyst Company) was impregnated (by
incipient wetness at room temperature in a air -
atmosphere) with a solution containing 1.13 g HqoPtClg,

15 1.13 g HEC1 and 73.67 g H,O0. After about 2 hours of
contact between alumina and the Pt-containing
impregnating solution, the socaked material was dried
for 96 hours in air at room temperature and then for 2
hours in air at 125°C., followed by calcining for 2

20 hours in air at 525°C., reducing for 2 hours in a Hy
gas stream at 425°C., and cooling to room temperature.
15 g of the reduced material, which contained 0.34

. weight-% Pt, was mixed with 2.00 g dry AlClz. The

mixture was then heated in an upflowing He gas stream

25 to 650°C., heated in a upflowing He/HCl gas stream
{(flow rate of He: 40 cc/minute, flow rate of HCl: 300
cc/minute) for 2 hours at 650°C., cooled in this gas
stream to 150°C., and finally cooled to room

temperature.
30 Catalyst B 1 (Control) was prepared

essentially in accordance with the procedure for
Catalyst'Al, except that the temperature of the
treatment with the He/HCl gas stream was 400°C.
(instead of 650°C.).

35 : Catalyst B2 (Invention) was prepared
essentially in accordance with the procedure for
Catalyst A2, except that the temperature of the



-9- separation technique, such as fractional distillation. |Isonerization of
normal butane (n-butane) to isobutane is the presently preferred reaction
carried out with the catalyst conposition of this invention. 5

General ly, the saturated feed hydrocarbon and H2 are contacted with the
catal yst (generally present in a fixed bed}zat a reaction tenperature of at
| east about [err], preferably at a tenperature of about 200- [err]. In the
preferred case bfeathenanwitﬁ thesHe¢¥HClagasn stireamt wapedadace i s general ly

about 250- [errk %@ gys Bben#qu|d hourly space velocity of the
sat urated hydrocarbon ?rea ., cc of liquid feed hydrocarbon per
cc of catal yst per hour Catalvat 0 (anoInbemmediatednwasl pyeparedr aaction

15 pressure igoyibyht (92,12598100i800 (BSha &eiEDEMBnléQQanhQ in the
|soner|zate§n zone. The gas, hourly space velocit gen feed

0
streamis generGPPRABB) ¥ith 3 Eﬁﬁe?pFQFEF&BPy°5b6u?550T§5é¥ Elerr] per
cc catal yst perTﬂnNNAtEo(pﬁoﬁﬁdedvnytbﬁpaheVEh&ﬁﬁbamd 2Rilmihgtbh, DE,

donct i vation duREHRESs RRERr 8 TaREFBEEH 0n “Rboul 0,001 to about 1
wei ght per cent éi#!mpthpybbiséqnéath;naﬁdnﬂneb thtanakencalsedrefereed | vy
In the formof g 4gaphopPépény (£ bPhRALEEREnLUST CLL BEH1EROURY 28" O o7 abI Y
10 weight-% isopropanol) in 15 g H,0. The obtained
mixture was dried and then calcined for 3 hours in air
at 525°C. The calcined material was cooled to room
temperature, impregnated (by the incipient wetness -
method) with a solution containing 0.30 g HoPtCle, 0.30
15 g HCl and 15.50 g H,0, dried, heated for 2 hours in air
at 525°C., and heated for 2 hours in a hydrogen gas
stream at 400°C. The cooled, reduced material (labeled
Catalyst C) contained 0.36 weight-% Pt and 0.35 weight-
% Ti. :
20 Catalyst Cl (Control) was prepared as
follows: 15.0 g Catalyst C was heated for 2 hours in a
upflowing He/HCl gas stream (flow rate of He: 40
cc/minute, flow rate of HCl: 300 cc/minute) at 650°C.
and then cooled ‘to room temperature. The HCl-treated
25 Catalyst C was mixed with 2.00 g dry AlCl; and the
mixture was heated in a He stream (flow rate: 40
cc/minute) at 650°C., followed by cooling.
Catalyst C2 (Invention) was prepared as
follows: 15.0 g Catalyst C was mixed with 2.00 g dry
30 AlCly at room temperature. The mixture was heated in a
upflowing He gas stream (flow rate: 40 cc/minute) to
650°C., heated for 2 hours at this temperature in this
He gas stream, cooled in this He gas stream to 400°C.,
heated in an upflowing He/HCl gas stream (flow rate of
35 He: 300 cc/minute; flow rate of HCl: 300 cc/minute),
' and cooled in this He/HCl strean.

Catalyst D (an Intermediate) was prepared as



tetrachloride, chloroform ethyl chloride or isopropyl chloride. Wen the
catalyst, after it has been in use in the hydroisonerization process, has

| ost its 30 activity to the extent that the desired al kane conversion can
no longer be attained at the desired reaction tenperature, the catal yst can
be reactivated by turning off the flow of. yae saturated feed hydrocarbon
while maintaining the flow of the [err] stream 35 t hrough the

i soneri zati on c#&odlypws,: geu.erOalgI W lumiziao W fidae CrAltaxian Cavdlyspace
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i someri zati on r egreows, sm-utm lmntod-d;ilm e&iiﬁp\mrﬂiﬂmﬁqmﬁm and
maxi.m ze the reqgliggaly gnoeff%te Nliue‘%?’?ﬁqﬂ < h eﬁﬁ(EI Vald QL yed

reduci ng gas stream5 co dsi st i ng ess ogen | S passed through
the partial By d&2&t 2faheoyrssate tad £ dionng Aabf

abf)ut, [err]. (pseberablin ah&uhnaSQhe&ﬁrﬁdﬁ ﬁ%\ﬁ-ﬁﬁx/dm hawly space
breferably about Hseges S8ec/ FaGALYRRoP Farbnial BT melsin % s 1o
about 10 days (nore prefegCathlvatodl JCombrolio waso pirepad®ed)as Thereafter,
the reactivatedggghalgst h$.0°8 0a4iYst' ¥ WasHilited for 2 hours in
10 an upflowing HCl gas (flow rate: 300 cc/minute) at
| 400°C. The HCl-treated material was them cooled and
mixed with 2.0 g dry AlCl;. The mixture was heated for
~about 2 hours at 650°C. in a upflowing helium gas -
stream (flow rate: 40 cc/minute) and was then allowed
15 to cool in the He gas stream. ' |
Catalyst D2 (Invention) was prepared as
~ follows: 15.0 g Catalyst D was mixed with 2.00 g dry
AlCl,. .The mixture was heated for 2 hours in an
upflowing He gas stream (flow rate: 40 cc/minute) at
20 650°C., cooled in the He gas stream to 400°C., heated
for about 1.5 hour in a upflowing He/HCl gas stream
(flow rate of He: 300 cc/minute; flow rate of HCl: .
300 cec/minute), and allowed to cool to 90°C. in a
helium gas stream (flow rate: 300 cc/minute)
25 Example II
This example illustrates the performance of
the catalyst compositions described in Example I in the
isomerization of n-butane. _
_ 20 ¢¢ of each catalyst was placed in a
30 stainless steel reactor tube having a inner diameter of
1 inch and a length of 28 inches. The steel reactor
tube was heated to about 138°C. A stream of hydrogen
gas was passed through the catalyst bed at a rate of
1.34 cubic feet per hour. The reactor pressure was
35 about 500 psig. Liquid n-butane was introduced at a
rate of 78.2 cc/hour (liquid hourly space velocity:
3.9 cc/cc catalyst/hour), while the flow of the



hydroi soreri zation of saturated [err] hydrocarbons, as 15 descri bed

above. The follow ng exanples are provided to further illustrate this
invention and are not to be considered as unduly limting the scope of this
i nvention. 20 Exanple | This exanple illustrates

t he preparation of several chI orinated Gouyy \d |1 netal -contai ning al um na
conpositions (useful as catalysts for al kane and/ or cycl oal kane
i sonerization). lddrogen gas stxendnnlwed i i Giired| gt VBB Pr e esuRSso

foll Ab |
Sincrs o o BT 1078 £ AL
tenperature in &0 étﬁﬁﬁﬂ)lﬁ#%)hmh Q}:/!a-chlm puiatturenh®d passed ai ni ng

SO' ution contai @H%xﬂghli’tlﬁh [Qitd1yshk bad) 410 ek hcdrd cdhd i3 ond S or
Pt -1 npr egna%e g$ eri g%ﬁs air-dried (first under vacuum at room
t enper at ur e; quhed,) carban tetrachlioride iwpeyiinigckadut

[err], and then mwsmde@awmwrae ahquwe IdE A6 mildrdl ety Gosen

gas at [err] the r ?#g,z |ch cont ai ned about
0. 34 wei ght - %P%‘% %%nq{%&ﬁ é’(f’i cgr?d% e‘?ﬂ 'I%g] 's stream |
(flow rate of H@-‘h%@@ﬁhﬁzm rmtee,ccllpwﬁeasda :r.ﬁtd—l@tas IRluedritaite) for 1
hour at [err]. JH@rdelivd:2Aet hour, and the test was continued. The

10 isomerization product was analyzed by means of a gas

chromatograph. Pertinent catalyst preparation
parameters and isomerization test results (obtained at
comparable reaction times) are summarized in Table I.-



material was cooled to roomtenperature and mxed with 2.00 g dry [err].
The obtai ned m xture was then heated 5 at [err] in-a dry heliumgas
stream (flow rate: 50 cc/mnute) for 2 hours, followed by cooling to room
tenperature in the dry He atnosphere. Catalyst A2 (lnvention) was prepared
in accordance with the preparation nethod_of.this 10 invention (which
conprises HO treatnent after treatnent witf [err]) as follows: 130.0 g dry

alunmina (from frrtefion tra Cpngany,) . Je pregnareq) (oY i nci pi ent
wet ness at roofn tenper grufle i | Wi fh.a splufion containing
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Cat al yst Al, eXcept that the tenperature of the treatnment with the He/ HC

gas streamwas [err]. (instead of [err]). 35 Catal yst B2
(I'nvention) was prepared essentially in accordance with the procedure for
Cat al yst A2, except that the tenperature of the - - 12 - treatnent with

the He/HC gas streamwas [err]. (instead ¥g Lerr]). Catalyst C (an
I nternedi ate) was prepared as follows: 32.1 g alumna (fromCriterion

(pr ov! ded by DupoRL. Chem Gabe. ] mongt s “%gﬁ?e%}'“m e B o
dPlsopropylﬁls(?ggé}KQESIgﬁPR§f°PIg&nEFE mﬁDEBerFeF 5? )

i sopropoxy(tri e{temprisingt chlbrtiaationawd tR0alGminvm ghud%iuﬁomhﬁﬂaﬁpl) in
15 g [err]. Thecﬂf&i‘iﬁﬁéighx&%ﬁ i)d&bﬁg ﬁﬁlgn}@i%aﬁ% ped [g;t%f&r ours in

air at [erg& The cal cl ne rraerl o room
i npr egnat ec® ( by®® H&- PHEFﬁFeﬁP%FﬁES’éiﬁBt nesplmssn Lhep m:hpon paepanedng

0.30 g [err], Cbﬁoakﬁethﬁdkﬁbméﬂﬂsiﬁg5ﬁcﬂ EEEELmeQE'S@foQ%ated for 2 hours
in air at [err] nd, heated f E rs i X en gas streamat [err].
The cool ed, gﬂ’ﬁﬁ?@??ﬁl %Fﬁb@ Egacatéﬁ9§F goﬁ?&tﬁedcérgéeﬂepyﬁt %
Pt and 0.35 melgﬂnauﬁ@ilaves, not described here;n in detail) indicate
that Invention Catalysts A2, B2 and D2 were also quite

10 effective as catalysts for the isomerization of n-
hexane to isochexanes and of methylcyclopentae to
cyclohexane at room temperature (Catalyst C2 was not
tested). -

Example ITT '

15 This example further illustrates the
preparation method of this invention. The following
catalyst compositions were prepared substantially in
accordance with the preparation methods described for
Catalysts A2 and C2 (see Example I) except that the

20 employed alumina material was provided by United
Catalysts, Inc. (UCI; Louisville, KY) under the
product designation "CS-33 1-4". This material
contains a small amount of Ti (as oxide). The thus--

_ produced catalysts were tested in accordance with the

25 procedure described in Example II. Pertinent
preparation parameters and isocmerization test results
are summarized in Table II.



20
Catal yst C was heated for
rate of He: 40 cc/ m nute,

then cooled to room tenperature.

Catalyst O (Control) was prepared as follows:

15.0 g

2 hours in a upflowi ng He/ HCl gas stream (fl ow
flowrate of HO: 3

The HO -treated 25

00 cc/mnute) at [err]. and
Cat al yst C was m xed

wi-th 2.00 g dry [err] and the m xture was heated in a He stream (flow rate:

40 cc/mnute) at [err],
prepared as foll ows:
at roomtenperature. The
(flow rate: 40 cc/mnute)

upfl owi ng He/ HOl gas 'strea
300 cc/ m nut g
(an Internedi ate) was prepg
Criterion Catalyst Conpany
aqueous sol ution contai ni ng

rate of HJ :

Ni -inpregnated material
heated for 2 hours at [err
hydr ogen gas.
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foll ovved by cool | ngl‘? Gatal yst C2 (Invention) was
fixed with 2.00 g dry 30

[err]
n a upflow ng He gas stream

2 hours at this tenperature

Sstreamto [err], heated in an
He: 300 cc/mnute; fl ow

ol lows: 31.0 g alumna (from
by i ncipient wetness) with .an
: The

20 hours at room tenperat ure,
or 2 hours at [err] in

-% Ni .



Catal yst D (Cbntrol) was prepared as follows: 15.0 g Catal yst D was he

for 2 hours in

10 an upflowing HOJ gas (flow rate: 300 cc/mnute) at

[€rr]. The HCl -treated material was then cooled and m xed with 2.0 g dr
[err]. The m xture was heated for about 2 hours at [err]. in a upflown
hel i um gas stream (flow rate: 40 cc/ m nute)qand was then allowed 15 t
cool in the He gas stream Catalyst D2 (Invention) was prepared as foll ows:

15.0 g Catalyst D was ”‘Xﬁqd@ Haee 98 Fathile &&rgkséﬂyidfl

for 2 hours in

[err], cool ed i AefHetAPES

an upflow n as strean1 flow rate: c/ﬁ?ﬁ%%%iggg
Beniedain: ebim [. ndk 48 oo Baseted SHasu:

at ed

y

g
0

ed
20
in a

u%f | owi ng 'H;a/ HChhgaada'ﬁ.ltdaﬁl ofl T dat eaehlye: FOBQAdC @sBenitid | allly @ rate of
HC : 300 cc n1n 0 to _coo err el | n1 as.stre
(flow rate: 300 8% gweqc?mpare calarfst! ¥ wgt%Eg sg‘|=|%:'?rr|s
exanpl e iIIﬁstrHCEésthéupenﬁocnahaénsfatBaaiatahp&ntcoﬁpdiluﬂmnsiogscﬂ

n Exanpl e | i nahe4kS9UPhlidbiil Shatl RHEIRI0ndY apHegtdtlogPidlit Was

placed in a 30

st.al nl ess react or tube havi'ng~a rnner er. o

am
bed
f 1

inch and a | engPRYEPRISTE,TRTANATE (specExpmpdeod)t dBeoxrpeorasademore about

[err]. A streantaanhtaeoaﬁaiﬁa:. muaasaedruh&auahchbeca%hq %t bqﬁu%t
rate of 1.34 cu geet ﬁg The r ac %2 i out 5
psig. Liquid n? ﬁuP fle© § Pht FB8uBESR 2 n@bFﬁﬁﬁF Bqui d

hourly spat@ vewhtichycontain about 0.05- 1 0 weight -% Ti, it is not

15

20

preferred to carry out an impregnation with a titanium
compound (in addition to impregnation with a Group VIII

metal compound). ‘
Example IV

This example illustrates a modified method
for preparing catalysts in accordance with the
preparation method of this invention.

A Pt-promoted alumina which had been
previously used in an isomerization reaction, provided
by UCI under the product designation "UCI-33 1", was
washed for 0.5 hour with water then with an agueous

" ammonia solution (pH = 9) for 1 hour and again with .

25

30

35

water, followed by drying, calcining in air at 550°C.
for 6 hours and treatment with Hz gas at 410°C. for 2
hours. :

36.0 g of this reduced Pt/Al,03 material was
then mixed with 6.0 g dry AlCl;. The mixture was
placed in a quartz tube on top of a bottom layer of 36
grid Alundum® Yan inert alumina having a surface area
of less than 1 m2/g). A top layer of Alundum® was
placed on top of the mixture of Pt/A1203 and A1c13.
The bottom Alundum® layer and the Pt/Al,03-A1Cl; layer
were then heated to a temperature of 250°C. (at a rate
of 1°C./minute) in an upflowing stream of helium gas
‘(flow rate: 40 cc/minute), followed by heating at that
temperature for about 16 hours in flowing He.
Unreacted AlCl; sublimed and accumplated in the top

a
00



3.9 cc/cc catalyst/hour), while the flow of the ydroganplﬁgtb
streamwas nmaintained at 1.34 ft3/ hour so as to provide a woFar—ratro—of
[err] to n-butane of about 50:1. After the hydrogen/n-butane m xture had
passed t hrough the catal yst bed at the above conditions for 5 about 10

M nutes, carbon tetrachloride was injecteqginto this feed mxture at a rate
of 16 mcroliters per hour for a tine period of up to 22-24 hours.

TEereafter, thll{:._ﬁ&ﬁin@f e.edre&at em&;&e&u&edem Qwasamdoherl& Ria Wiife and
the test was cgntinuye nerlz |on rgduc na yze y
means of a gascgﬁ?Sﬁﬁ 88; SR‘ ﬁ??t §% 3 paraneters and
| soneri zati on usseacted AICLght malseheattedor:qnaltabl abovacdemc rtilkesh Hear €

summari zed in Ja pLFmsso as Egr& e t%g ufégﬁkt%%t b& Table | clearly

show that the catalysts prepa Brivent i on
(conpri si ng chTBPFHﬁFFSﬁ':Wlt apﬁu#mu meemtsqri Gélbbef"@-ﬁe heated further

in the above-described He stream to a temperature of
650°C. (at a rate of 10°c./minute); followed by heating
in an upflowing He/HCl gas stream (flow rate of He: 40
cc/minute; flow rate of HCl: 300 cc/minute) at 650°C.

10 for 2 hours and cooling in a upflowing He/HCl gas
stream (flow rate of He: 300 cc/minute; flow rate of
HCl: 300 cc/minute) from 650°C. to 150°C. Finally,
the chlorided catalyst was cooled to room temperature-”
in a He gas stream. The thus-prepared catalyst was

15 . tested in preliminary autoclave tests (not described in
detail herein) for n-hexane and for methylcyclopentane
isomerization activity (at room temperature). Both
tests revealed high feed conversions Sf each feed
hydrocarbon (to isohexanes and cyclohexané.
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chlorinaLLgn_mLLhikﬁé}—mere significantly nmore active 5 i‘ﬂ?@)ffréHASBEENW
| sonmeri zation catal gEhan t hose prepared by a nethod con HUACED .

treatnenﬂ mu tion with [err]. Additional tests (carried out in
autoclav herein in depgi|) indicate that Invention
Cata!ysts [err] and [err] were also quite 10 effective as catal ysts for
the isonerization of n- hexane to isqQh an nd of nethyl cycl opentae to
cycl ohexane at roomtenperature ( s not tested). Exanple Il
15 1. Thi sAematpbd béir preparingsar aoddd Berompe YIIH metadet ARt of

this inv e;rl&jrapmlhsomgkmagcaeai &l coRpBaIitibANasWEA Horpar ed

subst anti y In accordance w t preparation nmet hods descri bed for
Catalystsiﬂemaﬁﬂztag(b&érEﬁaﬁﬁPﬁslVhéﬁbeﬁPmpﬁéﬁePhe 20  enpl oyed al un na

material was prOVI d‘id.)bhiﬂﬂhbedr?ahahﬂh&m khloride wilthiias\&dli®d KY) under

t he product, desi ,0 r hi terr I o LN nount
of Ti (as™@%PHER: V¥l h&cgh% p%?'gaﬁcéa}- ﬁ:‘;? \%é‘ree ?J'r&rf?éécéor%ance
with the ﬂiz.chpd.scpdarté.n@mCpabéddimEp;'rmlis‘-lqdl anlder(tl-riﬁerﬁt]-“pri@@ar%& i on
paraneterfhgngubﬁgggrrzatron test results are sunmarized in Table |

L (2) heating the mixture obtained in step (1) in a
substantially inert gas atmosphere at a temperature of about
450-700°C. for a time period of at least about 10 minutes;
and . .

(3) treating the material obtained in step (2) with
a hydrogen chloride-containing gas at a temperature of about
300-700°C. for a time period of at 1e£st about 10 minutes.
2. A method according to claim 1, wherein the weight
ratio of the AlCl; to said solid material in step (1) is
about 0.05:1 to about 1l:1, the time period of step (2) is
about 0.5-20 hours, and the time period of step (3) is about
0.5-20 hours. ' . ‘ .
3. A method according to claim 1, wherein step (2) is
carried out in an inert gas stream in an upflow mode, and
step (3) is carried out with a gas stream comprising HCl and
an inert gas in an upflow mode.
4. A method according to claim 3, wherein the
following heating steps are carried out in inert gas streams
in an upflow mode before step (2): increasing the
temperature of the material obtained in step (1) £from about
10-40°c,-fo about 200-250°C., heating said material at 200-
250°C. for a time period of about 1-20 hours, and increasing
the temperatﬁre of said material from about 200-250°C. to’
about 450-700°C.
5. A method according to claim 1, wherein the material
obtained in step (3) comprises about 0.1-5 weight-% of said
at least one Group VIII metal and about 2-7 weight-%
chlorine.
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Test d le Il esSentially confirmthe results presenfe é‘l Hgl: cs:g -

Is tl !!J he addition of Ti in Catalyst F had .
prom)ter*e Catalyst Fwth Catalyst E). 5 UCI's alunina
contains a snall arﬁ)ur‘rt of Ti (as [err , and it is beli eveld t hat
addi tionak i rrpregnatl th "TYZ TI TANATE (see Exanple | _

i ncorporatked more t Ran ?%% R B 79Re RS the %?ﬁ??%?g Thus, in

the case eoftaims.uwhexeizn mirda &;:tlaird imack eveila) | eduipriis iy Choipshahsaliayt
0.05-1.0 walduip Unidh ded il Rt W&Pd( 10 rﬁ’eé’#g{@%&é‘@é\eﬁ?at on with

a titani um conpound (|n addition to 1 npregnation w I metal
conpound) . Exgprrpl e 16 15-‘“?1'39“3':5-39 amhatlumdnm (ma terint r‘&i& atnbeasited

met hod f ooner dp.&rsdlgremtcﬁdmi VIIT SN0 ddpoudd) wEE £9 Bh £ PRugE! hod Of
this inve Lﬂ di n?‘(?& al umi na whi ch had been previously used in an
| soner i zagl onaré'a |on ‘ded 20 by UCI under the product designation

"UCl -33 1", was wasHdad mldiﬁdmmhwmmtédle!n%m& aﬂagq#gays ammoni a
t I ng,
o] ot o GBS ot eyl Aol i, SR NSHEL

calcining in_air at rreatmnen
[err] for32time Pﬁé‘ﬂ-r‘@ ofcaf Jegst: aboutedik mbrmyemmdmt eri al was-

(c) heating the calcined material obtained in step
(b) with a reducing gas at a temperature of about 200-550°C.
for a time period of at least about 10 minutes.
7. A method according to claim 6, wherein said
redﬁcing gas employed in step (c) comprises free hydrogen. -
8. A method according to claim 6, wherein step (b) is
carried out for a time period of about 0.5-20 hours, and step
(c) is carried out for a time period of about 0.5-20 hours.
9. A method according to claim 6, wherein said alumina
material is also impregnated with at least one dissolved
titanium compound. .
10. A method according to claim 6, wherein said alumina
material used in step (a) contains about 0.05-1 weight-% Ti.

H
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then m xed with 6.0 g dry [err]. The m xture was placed in a quartz tube on
top of a bottomlayer of 36 grid [err] (an inert alum na having a surface
area 30 of less than 1 n2/g). A top layer of [err] was placed on top of
the m xture of [err] and Al C3. The bottom[err] |ayer and the

Pt/ A1203- Al C13 | ayer were then heated to a terrperature of [err] (at a rate
of [err] in an upflow ng stream of_hgl 5 (flow rate: 40
cc/mnute), followed by heati ng ture for about 16 hours in

flowi ng He. Unreact eﬂ hﬁn the top -19- '
Al undum | ayer. The E £ &gg%gg% cool ed, and the top
[err] layer (containing un %% ed in the above descri bed

He streamso as toy @f;ﬁ A U R0 %dui SHloridW&A{dfinidde entire
u

react or tube s heat e rther in the ove: descrilhed He, streamto a
{ enper at GPEPEALESSR 8 s ey alkaAne/GIARARARS TR ISR

upf | owi ngabalielc)gds :ixre@mre(d‘f v a mms‘h d ngic@ coNippinds mi:&:my rate ;)f .
HC1: 300 ut e 2 haur. nd .co n i ng He/ H
gas siroRReEiRa Brsdnietide Wil &' RATHE Had ey L bedhatafils 3K,

cc/ m nut dpastorriee Grioupo VIST metRilnAHty, and/ox (R rAniAPT ) yad was cool ed
to room pegRehal Uheatiny theldbtalirfed 'mi Kitidd Usi RILAHGE Gdlast was

tested in
about 450-750°C., and then treating the mixture with a

hydrogen chloride-containing gas at about 300-700°C.
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prelimnary autoclave tests (not described in detail herei n)lif or n-hexane
and fof nethylcycl opentane isonerization activity (at roon1tﬁﬁ%ﬁ¢éﬁﬁ#¥ﬂi49§luu4

Bot h. tests reveal ed high feed conversions of each feed hydrocat Ct
i sohexanes and cycl ohexane, respectively). Re8tbstiBite ih%%ltaﬂéﬁﬁ 1997
nodi fications and adaptations for varieus eonditions and reactants can be
made within the scope of the disclosure and the appended cl ai ns w t hout
departing fromthe scope of this invention. - 20 - CLAIMS: 1.

met hod of prepar PREPARABLON OF oLBONEREZAETAN- CARALEAT oFPHBOESRIANNI ng
conposition which conmprises: (1) mxing dry alum numchloride with a solid
mat eri al which conprises (i) at least one Goup VIII netal selected from

the group consisting of platipum | | adi ym and nickel and (ii) alum na as
the support; (2) heating tﬁégmig—@m% (1) in a) |
sgbstantlaljl yfinert gas atnosphere at a tenperature of about [err] C for a
time period of at |eas out 4 Qut es; ( at. eRisa
obtained in step (2) M#Pﬁga%ﬁvéggggﬁyc F%??gg-é%%tgpﬁi%;%ﬁégéﬁiéﬁ,BE

t enper at ur e @foupoW Ifemetad -dantadining catalyst compositions, which

are effective as catalysts for isomerizing saturated C,-C,

hydrocarbons.

Supported Group VIII metal- and chloride-
containing compositions for alkane isomerization reactions
are well known, and are described in the patent literature,
e.g., in U.S. patents 5,004,859 and 4,149,993. However,
there are ever present incentives for the development of
new, effective methods of preparing them.

Summary of the Invention

It is an object of this invention to provide a
novel method for preparing supported, Group VIII metal- and
chloride-containing catalyst compositions. It is a specific
object of this invention to prepare a catalyst composition
which comprises platinum, chloride and alumina. It is
another specific object of this invention to prepare a
catalyst composition which comprises palladium, chloride
and alumina. It is still another specific objective to
prepare a catalyst composition comprising nickel, chloride
and alumina. Other objects and advantages will become
apparent from the detailed description and the-appended
claims.

In accordanée with this invention, a method of
preparing a solid Group VIII metal- and chlorine-containing
composition comprises: _ '

| (1) mixing dry aluminum chloride  (ALCL,;)
with a solid material which comprises (i) at least
onel Group VIII metal selected from the group consisting of

CASE: 33382 -
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period of at |east about 10 m nutes; wherein said solid rratenl aI uge SHEET

-----------------

essentially of the steps of: (a) inpregnating an alum na nat
| easf one conpound of a Goup VIII netal sel ecSBUSﬁMmSthlestgﬂcﬁJﬁpclbﬁ@i%'tl ng
of platinum palladiumand nickel; (b)-dyifqg and then calcining the

I npregnat ed al.um ha @ateri al obtalne in ste at a erature of about
[err] G for BPAAGHR por f3¥SHr heFea g‘fe‘ébof]}f‘g b0 B B “TRYCTE) VRES i g

the cal ci ned Jg1dd al afdt@hd et M BilsRRurk D )1%?&9 QcBﬁQHEhEﬁggﬁﬁrSQgEéPS' ng

free hydrogen at a tenperature of about for a tine perio
| east about PAGHsnutweds sheatedoinbthe nahoved@e%qrnheérﬂal stream 29 as2,

A nethod in wqm%émﬂ@é& da Afrerein the weight ratlo of A3 to
said solid rragé’lerlal in ste (1 j's about 0.05:1 to ahout thetlrre

period of st R EHREtELy = LRP | KRASLOL RS V3 5 nkéeﬁawo%}nat? &% b ( 3)
is about 0.5tMe tuhmse cBascrlbed He nexf 1exin | o a cogmipancec witd o £1 68 0RC2,

whereln the (QRY At rj“ 2020 /ithule?) 2021606 1§ rALiHe shemRer ature
HCl gas stream (flow rate of He: 40
cc/minute; flow rate of Hc1§ 300 cc/minute) at 650°C. for
2 hours and cooling in a upflowing He/HCl gas stream
(flow rate of He: 300 cc/minute; flow rate of HCl: 300
cc/minute) from 650°C to 150°C. Finally, the chlorided
catalyst was cooled to room temperature in a He gas

upflow1ng He

stream. The thus-prepared catalyst was tested in
preliminary autoclave tests (not described in detail
herein) for n-hexane and for methylcyclopentane
isomerization activity (at room temperature). Both tests
revealed high feed conversions of each feed hydrocarbon
(to isohexanes and cycléhexane, respectively).

Reasonable variations, modifications and adaptations for
various conditions and reactants can be made within the
scope of the disclosure and the appended claims without
departing from the scope of this invention.
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2, whereln at | ®ast Jdne C}oup VIII netal is palladium
met Hod in accordance with claim2, wherein saiSubstitytessheesrel GARSH Wsﬂ
metal is nickel. 7. A et hod i-n 28ceor dance wi t h claim 2, wherein

step (2) is i8¢ out in an inert gas streamin an upflom/nnde and step
(3) is carrlegécur_MAth a gas streamconprising HO and an inert gas in an

upfl ow node. 8. A method in accordance with claim?7, wherein the
fol l ow ng heating stepa aeehedr bfeﬁreparmgi AesblyAsGEbUPaVEILN an upfl ow

node before step.(2): .inereasing bper a e rial obtained
in step (1) W?Bg}ébéﬂg FgﬁPflﬁe 83? ?e?gﬁpé?géﬁégtWﬁgégald mat eri al
obtai ned i n sbaprispesat a tenperature of about [err] C. for a tinme period

of about 1-20 hou?i ﬂ§xE3g28§§'Qﬂu EﬁuﬁeeﬁgéﬁiaéerEhS%'ggﬂEHer'a

obtained in step froma err| C. to about [err
met hod in accordance wrekegsialniirichhepwpriseap (Lh)aFsieafki @8%out for a
time period of about OggodP KowISmednd stepcted Eﬁomatheegraup for a tinme

EerQﬁgrngag?EE ?a? ?g gg%ﬁ?&&ngquwP}ﬁtéPgﬁgggglone |sso§3 gcw%gPlﬁLﬁ:m
conpound. and (ii) alumina as the support;

(2) heating the mixture obtained in step (1) in
a substantially inert gas atmosphere at a
temperature of about 450°-700° C. for a time
period of at least about 10 minutes; and

(3) treating the material obtained in step (2)
with a hydrogen chloride-containing ga# at a
temperature of about 300°-700° C. for a time
period of at least about 10 minutes;

wherein said solid material used in step (1) is a
reduced material having been prepared by a method
consisting essentially of the steps of:

(a) impregnating an alumina material with at
least one compound of a Group VIII metal
selected from the group consisting of
platinum, palladium and nickel;

(b) drying and then calcining the impregnated
alumina material obtained in step (a) at a
temperature of about 300°-650° C. for a time
period of'ét least about 10-minutes; and

(c) heating the calcined material obtained in
step (b) with a reducing gas comprising free
hydrogen at a temperature of about 200°-550°
C. for a time period of at least about 10

N

- : minutes so as to obtain a reduced material.
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- 22 -t A method in accordance with claim 10, wherei

rlnzat eri aIm’m ﬂmamﬂnﬂeﬂwt ed with at | east one dissolved tit RDsgéoﬁlﬁggn@m

o I ordance with claim1, wherein stepg
out Wi th st d eastuone di ssol ved pal | adi um conmfubsditutessheet - 16Apkk h887i n

g_ccorldange Wi th claim1l1, wherein step {ag1is carried out with at |east one
i ssol ved ni ckel conmpoynd. 14.. . A net hod i.n,a Ldance wi .claiml1,
wherein the faterial oét ﬁﬁeﬁi’ﬁdl ﬁnsﬁgﬁofgnggnﬁ’ﬁtgegﬁéﬁg‘u?’O%e?%&gﬁ ght - % of
Zal d ﬁt dl eastheneeBghip rdtlib wft alClpdtabsaid2sglii gateydah| ri akep15.
method in gggordange. w th o&l.gi Pol4; eneiln $@ed +atnd 1 NSOy VI I
metal is pl a'?l 2urlﬁ %% U TR et hoc}i)o}Mr% adcdrdar?ce W t (glai 14, wherein
sai d at | east(2dndsGa&RtVI0-15 A Hours . panca Fhgmt 1 period RL SN i n
accordance wikh GlsaiaBold oM@ mowdisd at | east one Group VIII netal is

ni ckel . 18. A et hod . .i.n d ‘wWith clai . | [ '
material used-in step %ﬁf“e&g‘ﬁd;%%’grag%g’clﬁ%%ml%w t\;?lllei g]'%ail-“b%}?rir .%}k%déeq'lnd o u? e
process in acter ¢anperstidrec|iai mtep wWedr disn 2wt 6@H1cFAB” das anddha step
(c) is a gas t%%&;%%@t%%s'iﬁ' (?es(%gntj]isala!ﬁblﬁy‘ doeeebydre@gen. 20. A

u met al - '

met hod of preéparing a solid 1p VI | and chl ari ne-cqnt ai,ni ng
conposi tion #ich conp® sefhqd inyiagaaydanFe Mikh Ghad® & i JSH¥ a solid

said at least one Group VIII metal is platinum.

5. A method in accordance with claim 2, wherein
said at least one Group VIII metal is palladium.
6. A method in accordance with claim 2, wherein
said at least one Group VIII metal is nickel.
7. A method in accordance with claim 2, wherein
step (2) is carried out in an inert gas stream in an
upflow mode, and step (3) is carried out with a gas
stream comprising HCl ahd an inert gas in an upflow mode.
8. A method in accordance with claim 7, wherein
the following heating steps are carried out in inert gas
streams in an upflow mode before step (2): increasing the
temperature of the material obtained in step (1) from
about 10°-40° C. to about 200°-250° C., heating said
material obtained in step (1) at a temperature of about
220°-250° C. for a time period of about 1-20 hours, and
increasing the temperature of said material obtained in
step (1) from about 200°-250° C. to about 450°-700° C.
9. A method in accordance with claim 1, wherein
step (b) is carried out for a time period of about 0.5-20
hours, and step (c) is carried out for a time period of
about 0.5-20 hours.
10. A method in accordance with claim 1, wherein
_step (a) is carried out with at least one dissolved
platinum compound.
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mat eri al which conprises (i) at |east one Goup VIII netal sLIected from

i

e AR = e 72 e el o (e
e

substantially i

as® at nosphere at a tenper3ubstitué shBetit .1‘[éeAPI“ t9%7%r a

time period of at |east about 10 m nutes22and Substitute sheet -16
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23 - (3) treati he material obtained. . t '
st ream consi sting esserft i‘%?qr@o%flrhﬁ%"grecﬂart‘fﬁ &ﬂtﬁe%olra&“glfog’r Ela e|]é\1/ge:'l[1{.|, ° 9%
consi sting esset isluyind matgxial cdofalyariogpreatdtsd sitdhdtnleart t gas
at a tenperatyre ﬁs%&ﬂ%dg@iiinﬁmf&msﬁoﬁﬂdﬁe period of at |east about 10
sol 1 | used 1

m nut es; whereln sal

materi a din step

havi ng been fidpared byA defheddin ARIFINF DI
(a) inpr egnatd gy, afp Rl 4 e FRdRrdddt Wit 2 leeasd

VI rmetal
ni ckel; (b)
step (a) at

RIHRFEHY TR

as. A method in accordance with
step (a) is carried out with at least
nickel compound.

14. A method in accordance with

(1) is areduced materi al
i%@l)aﬁf“ o+ tIRER s of :

ariee diogslireld of a G oup

selected fromt helggcﬁogp_ consi sting of platinum palladiumand
tining the inpregnated alumna material in

claim 1, wherein
one dissolved

claim 1, wherein

the material obtained in step (3) comprises about 0.1-5
weight-% of said at least one Group VIII metal and about

2-7 weight-% chlorine.

15. A method in accordance with
said at least one Group VIII metal is
16. A method in accordance with
said at least one Group VIII metal is
17. A method in a¢cordance with
said at least one Group VIII metal is
18. A method in accordance with

claim 14, wherein
platinum.

claim 14, wherein
palladium.

claim 14, wherein
nickel.

claim 1, wherein

said alumina material used in step (a) contains about

0.05-1 weight-% Ti.

19. A process in accordance with claim 1, wherein

said reducing gas used in step (c) is

a gas stream

consisting essentially of free hydrogen.
20. A method of preparing a solid Group VIII metal-

and chlorine-containing composition which comprises:

(1) mixing dry aluminum chloride with a solid

material which comprises (i) at least one
Group VIII metal selected from the group
consisting of platinum, palladium and nickel

and (ii) alumina as the support;
{2) heating the mixture obtained in step (1) in a

substantially inert gas atmosphere at a
temperature of about 450°-700° C. for a time

period of at least about 10

minutes; and
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tenperature of about “@mg§ for a tine period of at |eastjabout 10 'V SHEE T

m nut es; | cal cined material obtained in §t
etocroy and ISHAIN obtai ned in g (1) | WRIIHT.

ee hydrogen at a tenperature of abemt—ferrl &
for a tinme peticd of at |east about 10 ni nut esSwsinstitate sheet all f Apribd 83d
mat eri al . - 23 -

(3) treating the material obtained in step (2)
with 4 gas stream consisting eéssentially of
hydrogen chloride or, alternatively,
consisting essentially of a mixture of
hydrogen chloride and an inert gas at a
temperature of about 300°-700° C. for a time
period of at least about 10 minutes;

wherein said solid material used in step (1) is a
reduced material having been prepared by a method
consisting essentially of the steps of:

(a) impregnating an alumina material with at
least one compound of a Group VIII metal
selected from the group consisting of
platinum, palladium and nickel;

(b) drying and then calcining the impregnated
alumina material in step (a) at a
temperature of about 300°-650° C. for a time
period of at least about 10 minutes; and

(¢) heating the calcined material obtained in
step (b) with a reducing gas comprising free
hydrogen at a temperature of about 200°-550°
c. for a time period of at least about 10
minutes so as to obtain a reduced material.



