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PLATINUM AND TIN-CONTAINING CATALYST

AND USE THEREOF IN ALKANE DEHYDROGENATION

Background of the Invention

According to one aspect, this invention relates to a catalyst
comprising platinum and tin on a zinc aluminate-containing support, and
according to other aspects relates to a ﬁovel process for making such

incatalyst and use of the catalyst in alkane dehydrogenation.

In the preparation of dehydrogenation catalysts éomprising
"plqtinum and tin Sn a zinc aluminaté-containing support, it is known to
impregnate the supporf with platinum and/or.tin by contacting such
support with an impregnation solution having at least one 6f a platinum
compound or tin compound dissolved therein. However, improvement in

sﬁch dehydrogenation catalysts with respect to activity (i.e.
conversion), selectivity to olefins, and rate.of deactivation would be

desirable.

Summary of the Invention

It is, therefore, an object of the invention to provide a

dehydrogenation catalyst comprising a.zinc aluminate-containing support



SUMVARY OF THE I NVENTION It is, therefore, an object of the invention to

provi de a process for preparing a dehydrogenationT@ %fing a
zi nc al um nat e-cont ai ni ng support which is inpregna | N num and/ or

tin froman inpregnation solution, and whi ch denons d
performance in the dehydrogenation of alkangs with respect to activity,
selectivity to olefins (particularly nonool efi ns), and rate of

deactivati gRichTRg ala@e@gnmde%ﬁh gllsfatrlﬁ@fhlmopytimmr Iaﬁuamﬁfe%ﬁsfc%mpf the

i nvention descri bed ow. According to the invention there 1s provided a

process asséeitiogd iand ChALEA ldeddhsthitesPr Bip@sded OpePandd10if the
dehydrogenati on catal yst of the type in which a support conprising zinc

al um nat e dehydrpgegutdabedofiVdiands |wdzht redpecofl tpl adtininy ancklectivirgmean
I npregnation solution, the inprovenent conprises sinmultaneously
i npregnati pgetﬂng (partlcularly monoolefins), and rate of deactivation.

The above objects are realized by the various aspects of the
invention described below.

According to one aspect, in a process for preparing a
dehydrogenation catalyst of the type-in_which a support comprisiné zinc
aluminate is impregnatgd;with at least one of platinum and tin from an
impregnation solution, the imﬁrovement comprises simultaﬁeously
impregnating the support with the platinua and the tin by contactiﬁg the
support with an impregnation solution which comprises, in solution, a
tin compound,.a platinum compound, and a carboxylic acid.

According to other aspects of the invention, there is.provided
a dehydrogenation catalyst produced according to the abovg-described
process, and also a process of using such catalyst in the
dehydrogenation of at least one alkane containing 2-8 carbon atoms per
molecule, in khe presence of steam,.to at least one alkene.

It is shown in a subsequent example that a dehydrogenation
catalyst prepared in accordance with the invention demonstrafes, in the
dehydrogenation of an alkane, higher activity, higher selectivity to
olefins (particularly monoolefinms), and.a slower.rate_of deactivation
than comparative catalysts produced in accordance with prior art

processes.

.Detailed Description of the Invention-

In the presently preferred method of preparing the zinc
aluminate-containing support, the zinc aluminate is prepared by a method

comprising mixing (preferably dry-mixing in a suitable mill) appropriate



support with the platinumand the tin by contacting—the—support—w-th-an
| npregnati on solution which conprises, in soluti on.,Tth}lée &W nﬁc

a

pl ati num conpound, and oxalic acid, and an inorganic fhe

| npregnation solution has been fornmed by conbining ( ution
conprising the platinum conpound and the oxalic acid} econd -
soOl ution conprising the tin conpound and tl#e inorganic acid. REPLACEMENT
SHEETS =~ SG -2- The dehydrogenation catal yst produced ‘according to the
above- descfroEgs pfRredsratdgnapproginately aménelary araytisat PHIeisr exidecgnd one

al kane cont f‘i ning 2-8 carbon ) .
alumina; adding water or a dilute aqueous acid solution such as a dilute

acetic acid solution while mixing is continued, drying the resulting wet
mixture {preferably at about 150-250°C), and then'calcining (preferxably
by heating in air) the dried mixture at a sufficiently high temperature
(preferably at about 750-1200°C, more preferably about 750-1000°Cj for a
sufficient length of time (preferably about 1-10 hours) to forﬁ_zinc
aluminate. The alumina employed can be in any suitable form, such as
hydrated or flame-hydrolyzed, bﬁf is preferably hydrated alumina.and
most preferably an alumina moﬁohydrate such 'as boehmite or
pseudoboehmite. Varidus other additives, such as graphite and/or
calcium aluminate, can also be present during the mixing step. The
inclusion of calcium aluminate in the support is partiéularly preferred.
The time required for thorough dry-mixing and'éubsequent mixing with the
water or aqueous acid solution depends on the particulér mixing
equipment, amounts of'ingredients to be mixed, and other operating
parameters. The above-described dried mixture can be appropriately
moistened with ﬁater and then extruded, tabletted, granulated, or
processed to any other suitable form prior to calcining. A suitable
lubricant such as zinc stearate.Can be employed, if desired, im such
processing of the dried mixture.

_After preparation of the support, such support is
simultanebusly impregnated with platinum and tin bj contacting the
support with an impregnation-solution comprising at least a platinum
compound, a tin compound, and a carboxylic acid.. This contacting step
can be car?ied out in any suitable manner, such as by spraying the.
support with the impregnation solution or by immersing the support in

the impregnation solution a sufficient time so that substantially all'éf



atons per nolecule, in the presence of steam to at |east one alkene. It is
shown in a subsequent exanple that a dehydrogenati en—ecatalyst prepared in
accordance with the invention denonstrates, in the h% ro enatlon of an

al kane, higher activity, higher seIectrvrty to oIefr

nonool efins), and a slower rate of deactivation than

produced in accordance with prior art processes.

" THE INVENTION In the presently preferred nmej hod of preparlng the zinc

al um nate- containing support, the zinc aluffinate is prepared by a nethod

conpri si ng ¢HeXiglat{mmehed oy 19r¥omt>§wgdlf@u@ess%&ébtﬁ HALHSL appropri ate

anmounts (preferably approxi mately equi nol ar anounts) ZI'nc Oxide and

al um na, acsjiragingitbe Sippare] lit €s &qy@&lstélcém%l&@éﬂvb%'mél&h iRpr&ndiiLy e
acetic acid solution while mxing is continued, drying th

solution which is approximately equivalent to the pore volume of the

talysts
ON OF

sﬁpport, preferably followed by a suitable "aging" period of about
0.1-24 hours, more preferably about 0.25 - 1 hour, to allow
substantially all of the platinum and tin in solution to diffuse into
the support. Where the support is immersed in impregnation selution, it
is typicel to employ a volume of solution which is about 1-2 times the
volume of support being impregnated.

As to the composition of the impregnation solution, such
solution comprises, as mentioned above,_a platinum compound, a tiﬁ
compound, and a carboxylic acid in solution, and preferably further
comprises an inorganic acid. Most preferably, the impregnation solution
is an aqueous solution consisting essentially of water; the platinum
compound, the tin compound, the carboxylic acid, and the inorganic acid.
The preferred weight percentages ef the platinum of the'platinum
compound, the tin of the tin compound, the carboxylic acid, and the
inoxrganic acid are as follows, respectively, based on the weight of the
support: preferably about 0.05-5'weight percent, and most preferably
0.1-1 weight percent of the plafinum; preferably about 0.1-5 weight
percent, and most preferably 0.5-2 weight-percent of the tin; preferably
about 1-30 weight percent, most preferably 5-20 weight percent of fhe
‘carboxylic acid; and preferably abeut 0.1-10 weight percent, and most
preferably  1-5 weight percent of the inorganic acid. The |
concentrations of the platinum compound, tin compound, the carboxylic
acid, and the inorganic acid as present in a suitable solvent, such as

water, are not particularly critical as long as such components remain



resulting wet mxture (preferably at [err], and then calcining (preferably
by heating in air) the dried m xture at a suffi ci ent |tyis Bhegi Hak B8R REeS i €
(preferably at 750- [err], nore preferably [err]) for ength
of time (preferably 1-10 hours) to form zinc alum nateﬁlmﬂamm

enpl oyed can be in any suitable form such as hydrated

but is preferably hydrated al unina and nost. preferably an al uni na
monohydr at e such as boehmite or pseudoboehmte. Various other additives,
such as gr apNkbeaedl B GakChtlDert UH NkCaedi3Ba Ahiiialde PERRANE PT LY the
m xing step. The inclusion o ciumalumnate in the support is

parti cul ar lwgighefor f1dsu tfime required for thorough dry-m xing and
subsequent m xing with the water or aqueous acid: solution depends on the
particular m xi ng edpy ph@tinnmadtogoirel cdpabhe refdispitegntdidge thiexedhpoandwxibher
operating paraneters. The above-described dried m xture can be

appr opri at gllptimims ffooredhei fprgarationnspluhiton ernrbelcohplopes] dm @geordance

granul ated, or processed to any ot her
'with the invention. uitable platinum compounds include platinum

ol yzed,

chloride, chloroplatinic acid, ammonium chloroplatinate, platinum
diammine oxalate, and platinum tétrammine chloride. Chloroplatinic acid
is particularly preferred.

Any tin compound capable of impregnating the sﬁpport with tin
from the impregnation solution: can be employed.iﬁ accordance with the
invention. Suitaﬁle tin compounds include tin halides; nitrates,
oxalates, acetates, oxides, and hydréxides. Tin halides are preferred,
and stannous chloride is particularly preferred.

The carboxylic acid is défined herein and in the appended
claims as any organic acid_havinglat least one terminal carboxyl (COOH)
group. Preferred carboxylic acids includé oxalic &cid, formic acid,
acetic acid, citric acid, and succinic acid. Oxalic acid is
particularly preferred.

Suitable inorganic acids include, for example, hydrochloric
acid, nitric acid, sulfuric acid, hydrofluoric acid, and phosphoric
acid. Hydrochloric acid is most preferred.

The various components of ﬁhe impregnation solution_can be
mixed together in any sequence in accordance with certain broad aspects
of the invention, but it is wost preferréd to form the impregnation
solution from the combinatién of (i) a first solution comprising the
platinum compound and the carboxylic acid and (ii) a second solution
comprising the tin compound and the inorganic aci&. Each of the first

and second solutions are preferably aqueous solutions. It is also



suitable formprior to calcining. A suitable |ubricant—such as zinc

oF

stearate can be enployed, if desired, in such processhF of the dried

m.xture. After preparation of the support, such suppo 9 ot las Bee S¢S | y
I npregnated with platinumand tin by contacting the sud ﬂ '
| npregnation solution conprising at |least a platinumc [

conmpound, oxalic acid, and an ~-3- inorganic acid. This contacting step
can be carried out in any suitable manner, such as by spraying the support
with the inpregnation solution or by inner§ing t he support in the

i pr egnat i ﬁpeée(}lrgci it%nhg‘ats l%fh];i E@ls%QEintgl q‘rzﬁ‘p::‘se%ngpz‘.ac‘}n g(‘)"ﬂﬁ:ti%xqtéoalal x:e%lpéraqurtehe :
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of about 20°C-90°C,!most preferably about 40°C-60°C; immediately prior
to impregnation of the éupport in order to facilitate.dissolving of the
various components and also to facilitate diffusion of the platinum and
fin into the support.l

Following impregnafion, the impregnated support is prefgraﬁly
dried at a temperature of abouf'80-250?c, followed by calcining in an
oxygen-containing atmosphere (i.e. air) at a temperature of about
400-600°C. . The resulting calcined.catalyst is then preferably washed
with water to femove aﬁy ions (i.e. chléride), and is subsequently dried
again.

The catalyst produced as described above generally contains
the following components in the specified weight percentages as based on
the ﬁeight of the catalyst: about 80-98 weight percent ziﬁc aluminate;
about 0.05-5 weight percent platinum; about 0.1-5 weight pé;cent tin;
and according to a preferred embodiment, about 1-20 weight percent
calcium alumiﬁate. It is understood that additional components which
aré-beneficial for catalyzing the dehydrogenation of alkanes may al#o be
present in small amounts, such as Re, Au, Ag, alkali metal, Ce, and the
like. Generally, the surface area of the catalyst is in the rapge of
from about 5 to about 100 m%/g. The catalyst particles can have any
suitable size and shape, such as cylindrical, spherical, granules, or
trilobal. |

Any suitable alkane containing 2-8 carbon atoms per molecule
can be used as feed in the dehydrogenation process of this invention
such as, for example, ethane, propane, n-butane, isobutane, n-pentane,

isopentane, and mixtures thereof. Particularly preferred is isopentane.

i



solution diffuses into the support. \Wen spraying the support, Tt TS
typical to enploy a volune of inpregnation solution Whm&@mkﬁWQBQ&Q% gﬁ&ely

equi val ent to the pore volune of the support, preferabl

sui tabl e "aging" period of 0.1-24 hours, nore preferabl mm mm r, to
al l ow substantially all of the platinumand tinin solu e into
t he support. Where the support is inmmersed in |npregnat|on sol ution, S

typical to enploy a volume of solution which is 1-2 tines the vol une of

support being i npregpag Qrat@ﬁ§t&nhtﬂ€io%9”99f5£1tlcia 8 %Ove*}‘égéﬂ%ri‘éﬂr@é Q11

solution, such solution conprTses, as nentione plati num conpound,

atin Corquuaﬁln 0%8kar i8Chbseht t0hUidvaBte AHditel BEFIAQR 16PN tRE SRR yst,
inorganic acid. Mst preferably, the inpregnation solution is an aqueous

sol uti on corseshdnrg fsmeBbiviirkyorgf anditi®r retdyl [Rladdivyatndeacypivanion.t hehki n

conmpound, oxalic acid, and the inorganic acid. The preferred wei ght

per cent ageseaction temperature is considerably higher tham the normal boiling
témperatﬁre (measured at 1 atm.) of the feed_alkane, and is generally in
the range of about 500°C-650°C, preferably about 560-610°C. The molar
‘ratio of steam to the alkane(s) in the vaporized feed is generally in
the range of from about 0.5:1 to about 30:1, preferably frow abo@t 2:1
to dbout 10:1. The pressure is generally in the range of from about 0
to ebout 200 psig, and preférably about io to about 100 psig,

In the dehydrogenation process, steam and vaporized alkane,
preferably premixed at the desired. molar ratio, are generally preheated
and passed through the d hydrogenation reactor (or a train of two or
more reactors in series or in parallel) containing a fixed bed of the
catalyst. The gas hourly space velocity of the vaporized alkane feed

. (excluding steam) in the dehydrogenation process is generally in the
range of from abéut 100 to aboﬁt 10,000 cc alkane per cc catalyst per
-hour, preferably from about 500 to about 2,000 cc/cc/hour. The flow
raﬁe of steam is determiﬁéa by the desired molar ratio of steaﬁ to
alkane feed. Free ox&gen is substantially absent during the
dehydrogenation since 0, causes the formation of higher ‘amounts of
undesirable carbon oxides (CO and/or CO,) during the process.

During the dehydrogenation process, the catalysf_loses-some of
its catalytic activity, in part because of coke formation on the
catalyst surface.” When the catalytic activity ﬁas dropped below an
effective level (generally after about 6~30 hours on stream), the flow

of the alkane-containing feed is cut off, and a purge of gas comprising

steam and/or an inert gas (e.g., N,, Ar, He) is passgd’throngh the hot



of the platinum of the platinumconpound, the tin of the tin compound, the
oxalic acid, and the inorganic acid are as foll ows, regpPSeiiNEBdn R ] on

t he wei ght of the support: preferably 0.05-5 weight per

preferably 0.1-1 weight percent of the platinum pref edgﬂuum@m ght
percent, and nost preferably 0.5-2 wei ght ggrcent of t bly
1- 30 wei ght percent, nost preferably 5-20 I ght percent of the oxalic

id; d f I .1-10 ight p t, o o | 1-5 i ght
a0 d, o RSN Rud Ll ROy AR SLET BB T Bver ot
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sui tabl e solvent’|” such as water, are” not par |cuTarIy critical as lTong as

such compogigibguéMiTyl Netle cafd 14kt O aRgedr8t £$BE1db1yNBy desddiads apmUINt S
relative to the wei ght of the support. Any platinum conpound capabl e of
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be enpl oyed in accordance with the .
preferably a stream of steam-diluted air. . Generally, the regeneration
temperature is in the range of from about 450° to about 750°C, and the
molar ratio of steam to free oxygen is in the.rénge of from aboup 20:1
to about 200:1. The pressure during regeneration is generally sbout
0-200 psig; preferably about 20-100 psig. The duration of regeneration
depends on the regeneration conditions and on the amount of coke
deposits tb be removed. Generally, regeneration is carried out for
about 0.1 to about 5 hours, preferably about 0.2 to about 1 hour.
Thereafter, the reactor is purged again witﬁ a gas comprising steam
and/o£ an inert gas (to sweep out 0,), the flow of the alkane feed is
resumed, and the dehydrogenation is carried out with the.regenérated
catalyst composition until catalyst regeneration is again required.

The product mixture of the dehydrogenation process comprises
primarily monoolefins (alkenes). By-producés include €O, CO,,
paraffins, and diolefins. When isopentane is used as feed, primarily Cg
monoolefins, such as  3-methylbutene-1, . 2-methylbutene-1,
2-methy1butene-2, are formed. The thus formed monoolefinic hydrocarbons
can be recovered after having beep separated from other coﬁbonents of
the product mixture of the dehydrogenation process by any suitable
means, e.g., by fractional distillation, absorption/desorption
processes, or membrané separation techniques. Unreacted feed, affer it
has been substantially separated from other ﬁroduct mixture'components,
can be recycled to the dehydrogenation reactor which contains the

catalyst.



I nvention. Suitable platinum conpounds include platinum chloride,
chloroplatinic acid, amoni um chl oropl ati nate, plati RjgcskeEBER a-bdat:e,

and platinumtetranmm ne chloride. Chloroplatinic acid
preferred. Any tin conpound capabl e of inpregnating thHMM t| n-
fromthe -4- inpregnation solution can be enpl oyed nce W th
the invention. Suitable tin conpounds inclugde tin halides, nitrates,
oxal at es, acetates, oxides, and hydroxides. Tin halides are preferred, and
stannous chloride i% parundecstacytimtefresscadblSwiot dblcatiiony gadi vadaitdens
I nclude, for exanple, hydrochloric acid, nitric -

of the invention can be made without departing from the scope of this

invention.

An example will now be described to further illustrate the
invention, but_which should not be construed to limit the invention in
any manner. | |

| Example

The purpose of this example is to compare dehydrogenation
results obtained with three separate catalysts (Catalysts A, B, and C)
which were prepared employing different preparation processes.
Catglysts A and B are comparative catalysts and Catalyét C is an
invention catélyst. Preparation of such catalysts are described below.

Catalyst A (Comparative - incorporation of tin into support
material and subsequent iﬁpregnation of support with plgtinum from
aqueous solution containing platinum compound): 939 g of a boehmite
alumina (Vista Chemical Company, Houston, Texas, under the product
designation "Dispal”), 597 g of zinc oxide (Zinc Corporation of America,
Monaca, Pennsylvania),.19.5 g of stannic oxide (Harshaw Chemical Co;,
Cleveland, Ohio), aﬁd 150 g of calcium aluminate (Seéarl71 Cement, from
LaFarge Calcium Aluminates, Chesapeake, VA) were dry mixed in a mix
muller for 10 minutes. To the dry mixture was added 825 ml. of an
aqueoﬁs 1 vqlume'percent acetic acid solution over a period of 3 minutes
while mixing was continue&. The résulting paste was dried at 20050'
overnight in a Blue M circulating air oven. The dried maﬁerial was.
ground, sieved through a 30 mesh scfeen, and the fraction which passed
through the screen Qas sprayed with sufficient water to bring the
moisture level to about 10-11 weight percent, as based on the total

weight of the thus moistened material. 34 g of zinc stearate was



acid, sufuric acid, hydrofluorlc acid, and phosphorlc acid Fwdrochlorlc b
acid is nost preferred The i npregnation solution is for héhlmmd
conbi nation of (i) a first solution conprising the platin ;ﬂ

and

the oxalic acid and (ii) a second solution conprising the
t he inorganic acid. Each of the first and second solutions are preferably
aqueous solutions. It is also preferred to Weat the resulting inpregnation
solution to a tenperature of [err], nost preferabl [e%%g|mmmauﬂy

prior to inprEgRdt FEH dmhet I’iés‘ell}ﬁﬂér't'a‘ieﬁlﬁ e"r°1t18‘“f AN i %“b‘rngsdlnvrang of

th S nents .and al s o fagilitate d|ff is) | at i num and
e var oS, ATRONGLaLNY, AaGob et LESH LAELS GhEIWPhe Sl epRhal ! i o
preferably ﬁ'fésgqrétofaaﬂcﬁﬁpﬂ@tlute of [err], followed by calcining in an
oxygen-contai ning atno :

Thereafter, the tablets were calcined in air for 5 hours at
843°C after having ramped to 843°C over abaut 6 hours. An .aqueous
impregnation solution of chloroplatinic acid, having a platinum content
sufficient to deposit about 0.6 weight percent (es based on total‘weight

-of catalyst) of platinud on the supperﬁ, was sprayed onto the calcined
tablets. Coating of the calcined tablets with impregnation solution was
facilitated by spraying such tablets while in a mixer that is rotated
about its longitudinal axis at an acute angle with respect to vertical.
The thus impregnated tablets were dried in air at 150°C for 3 hours and
then calcined in flowing air.at 525°C for 3 hours after having ramped to
the 525°C temperature at a rate of 2°C/minute. In oxrder to
substantially remove chloride ions from the resultiﬁg calcined catalyst,
the catalyst was washed for 3 hours in water at a temperature of
82-99°C, followed by drying in air at 150°C for 3 hours to result in the .
final catalyst. Such catalyst contained about 0.6 weight percent
platinum and about 1 weight percent'fin, as based on the total weight of
the catalyst.

Catalyst B (Comparative ; simultaneous impregnation of support -
with platinum and tin from an aqueous solution conteining a platinum |
compound, a tin compound, end an inorganic acid): In preperation of a
first batch of support tablets, 597 g of zinc oxide (described above),
939 g of boehmite alumina (described above), aﬁd 150 g of less than 30
mesh calcium aluminate (described above) were dry mixed in a dix-muller
for 10 minutes. To the dry mixture was slowly added 825 nL of an

aqueous 1 volume percent acetic acid solution over a period of 15



(i.e. air) at a tenperature of [err]. The resulting cal cined catal yst

is
then preferably washed with water to renove any ions (i TS eplacely
i s subsequently dried again. The catal yst produced as de m I I :
generally contains the foll ow ng conponents in the specifli .

percentages as based on the weight of the catalyst: 80-98 weight percent
zinc alum nate; 0.05-5 weight percent pl at]f]num 0.1-5 wei ght percent tin;

and accordinﬁ]gugeg AnPreh el dyﬁ@&ﬂb%ﬁ{&?éﬂé‘r@&eﬁi&m 36¢€ Coefnthigf;i‘lepq{)rgnmgf i ci al

al um nat e. I'S under st oo at a conponénf's I ch

for catal ygirgghilche (gelydpRganed | @nOLoakanes, My 8t RewPF&aeD) L& snall
anounts, such as Re, Au, Ag, alkali netal, Ce, and the |ike. Generally, the

surface areadef, wheh Gakdlg,Sbvés d Petftd banpr m@hufdsom Thé Ged00t{in@r phstdhe
catal yst particles can have any suitable size and shape, such as
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containing 2-8 carbon atons per nol ecul e can be used.
dried material was ground, sieved through a 30 mesh sieve, and the
resulting fractioﬂ of less than 30 mesh was sprayed with sufficient
water to bring the moisture content up to 10.51 ﬁeight pe;cent, as based

: on-the_totai weight of the thus moistened material. The resultiné moist

material was tabletted in the manner described for Catalyst A, and then
calcined in air in a muffle furnace at 843°C for 5 hours after having
ramped to 843°C over about 6 hours.

A second batch of support tébleps was prepared in the same
manner as the first batch, except that the material resulting from
grinding and sieving was sprayed with sufficient water to bring the
-moisture content up to 10.01 weight percent instead of 10.51 weight
percent. Such §econd batch was mixed with the first batch of support
tablets to result in a blended batch of support tablets. 210 g of such
blended batch of sﬁpport tablets were then dried in air-at 150°C for 2
hours. 100 g of such dried support tablets were employed to produce
Catalyst B as described below.

| A first solution was prepared by_dissolving 1.58 g of
chloroplatinic acid crystals in 25 mL of water. A second solution was
prepared by dissolving 1.92 g of hydrated stannous chloride (Sn0,+2H,0)
T in 3;0 mL of concentrated hydrochloric acid (aqueous solution containing
about 37 weight percent HC1). The thus prepared first and-sécond
solutions were mixed and heated to 50°C to result in the desi;ed

impregnation solution. The above-mentioned 100 g of support tablets

were sprayed with the impregnation solution in the same general manner



as feed in the dehydrogenation process of this invention such as, for
exanpl e,. et hane, propane, n-butane, isobutane, n-pentane, annpnranp an
m xtures thereof. Particularly preferred is |sopentane

“operating conditions of al kane dehydrogenation are mel
present to alleviate coke deposition on the catalyst,
conversion, and to retard catal yst deactivation. The re ure

i s considerably higher than the normal boil,jing tenperature (nmeasured at 1
atm) of the feed al kane, and is generallyin the range of [err],

preferabl y.{ &fdskrinbderdPlataty@t! £ 18 ra88Md QubPégnated tablets which were

allowed to age at room temperature for about 30 minutes. The

impregnéted tablets were then dried in air overnight at 150°C, followed
by calcining in flowing air in accordance with the following schedule:
ramp from ambient tempefature to 149°C at 2°C/minute and hold at 149°C
for 1 hour; ramp from 149°C to 266°C at 2°C/minute and hold at 266°C for
2 hours; ramp from 266°C to 524°C at 2°C/minute and hold at 524°6 for 5
hours; .and allowing cooling to room temperature over about 3-4 houfs.
Chloride ions were substantially removed from the resulting calcined
catalyst by washing with 15 gallons of water over a 6 hour period,
folldwed by drying ovefnigﬁt‘in air at 150°C to result in the final
catalyst. Such catalyst contained about 0.6 weight percent platinum and
about 1 weight percent tin, as based on the total weight of the
catalyst.

‘ Catalygt C (Invention - simultaneous impregnation of suppoft
with platinum and tin from aqueous solution containing a platinum
compound, a tin compound, a carboxylic acid, and an inorganic acid):
100 g of support tablets, from the blended batch described above, were
employed to prepare this catalyst in the same manner as described for
Catalyst B, except that the first solution Qas prepared by dissolving 15
g of oxalic acid in 25 mL of watef, adding 1.58 g of chloroplatinic acid
crystals, and then heating to 80°C to facilitate dissolving of oxalic
acid in the water. Such first solution was mixed with the second
solution to result in the impregnation solution in the same manner as
described for Catalyst B, followed by the remaining steps of cat#lyst
preparation which were also identical to .those described for Catalyst B.

The final Catalyst C contained about 0.6 weight percent platinum and



al kane(s) in the vaporized feed is generally in the range of from©6-5:-1to
30:1, preferably from2:1 to 10:1. The pressure is'geperally I n the range

of fromO to 1.38 MPa gauge (0 to 200 psig), and pr asBe +0. 69
MPa gauge (20 to 100 psig). In the dehydrogenat.i on pr*ﬂ ‘ 3 Fd
vapori zed al kane, preferably prem xed at the desired e
general |y preheated and passed through the_dehydrogenation reactor (or- a
train of two or nore reactors in series or”in parallel) containing a fixed.
bed of theaﬁ%@'ly%iﬁgé‘?pegéﬁnh&‘iﬁ! YasSRRAGEa V& Al ¥ofd1 LA HAPGF | GRA al kane
feed (excluding stea I'n the dehydrogenation process is generally in the
range of fggeai1}@0.to 10,000 cc alkane per cc catalyst per hour, preferably
fromb500 to 2,000 cc/cc/hour. The flow rate of steamis determ ned by the
desired nol ar rati QebfdsigendBion RldsaRcEideds Ghadyoky gen Bi,s asdibGtwere al | y
absent during the dehydrogenation since [err] causes the formation of

hi gher anpemployefi imddei detlydeogemabion ofi tepeft@dealiml/drlaberatjory reactor

having a length of about 1 foot and a diameter of about 1 inch. With
respect to each catalyst,.the reactor was loaded with multiple laygrs of
material including a catalyst layer (6.0 g) about 1-14 inches high, an
upper  layer of'alumina about 5-6 inches high above the catalyst layer,-
and a lower layer of alumina about 1 inch high below the catalyst layer.
Liquid isopentane was vaporized and introduced into the
reactor at a. flow rate of 24 cc/hour, and superheated steam was
introduced into the reactor at a flow rate éf 25.2 cc/hour to provide an
isopentane/stea; mixture.having a steam to isopentane molar ratio of
6:1. Other process conditions included a catalyst bed temperature of
580°C and & reactor pressure of 50 psia. The exiting product gas was
| analyzed by means of a gas chromatograph.
| Dehydroéenation runs for each catalyst were carried out in a
cyclic, continuous flow précess with interﬁediate air regeneratioh,
where each cycle consisted of the following steps at the above-described
temperature and pressure: a regeneration step consisting of flushing of
the catalyst with nitrogen for 15 minutes at a flow fate of about 125
cc/minute, passing air for at least 60 minutes at a_flow rate of 125
cc/minute over the catalyst, and then anothexr 15 minute nitrogen purge
of the catalyst; and then a conversion or.dehydrogenation step of
passing the isopentane/steaﬁ mixture through the reactor and catalyst
for about 7 hours. Three such cycles were carried out with each

‘catalyst.



during the process. During the dehydrogenation process,—the catalyst |oses
sone of its catalytic activity, in part because of coke formatlon on the
catal yst surface. Wen the catalytic activity has dropp n Replaced .
effective level (generally after 6-30 hours on stream, El‘}ﬁ#

al kane-containing feed is cut off, and a purge of gas co l _

and/or ‘an inert gas (e.g., N2, Ar, He) is passed through the hot catal yst

bed (at a tenperature of [err], for 1-60 Rinutes), so as to substantially
remove hydrocarbons fromthe reactor. Subsequently, the catalyst is

regener at ed, prefecableysinn an¢addlegtiviey cadsallystfdroCatalysitt Al tandeCwW th a
free oxygen-containing gas, preferably a streamof steamdiluted air.

‘Gener al | y,aneheet ggetleriat Tahiet BnpEertarted ipgodyctishéor pagk eftafiystmipelvded and
the nolar ratio of steamto free oxygen is in the range of from20:1 to

200: 1. Theprm"éélsur Es empoipfing atehads dnmsthy Yarenarly %M?'&Yﬂbs%eqepa e
(0-200 pS|2q It])ylferabl

utene~2, but also 1ncluded small amounts of by-products such as

carbon monoxide, carbon dioxide, paraffins, and diolefins. Conversion
in Table I is given in terms of mole percent of the feed (isopentane),
and selectivities are given in terms of mole percent of the converted
feed. Data is provided in Table I for each of the three cycles for
product collected at 1.25 hour and 4.25 hours into the conversion
(dehydrogenation) step of each respective cycle. An average of data at

1.25 and 4.25 hours is also provided.



on the regeneration conditions and on the amount of cok

rempved. Generally,
preferably 0.2 to 1 hour.

0.14 - 0.69 MPa gauge (20-100 psig). The duration of rﬁg@g}g&ﬁgg:&@nﬁiﬁ@&ds
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| sopentane is used as feed, primarily [err] nonool efi
3-net hyl but ene-1, 2- net hyI but ene-1, 2-nethyl butene are forrred The thus

f or med nonool efi ni ¢ hydrocarbons can be recovered af dhis BeradRe lac‘ed
separated from ot her conponents of the product mxture ’
dehydrogenation process by any suitable neans, e.g.,

distillation, absorption/desorption procesges, or msnbrane separ at | on
t echni ques. Unreacted feed, after it has been substantially separated from

ot her product m Xt geec&DHROBESH Frosarable I adhel eftaigst he, dahydeogrnatki on
reactor which contains the catalyst. It is understood that reasonable

nodi fi cat iwith &hd Wevdndtioonprovidddde conyixtenoly dephde comdtersvidnhohtighleparti ng
fromthe scope of this invention. An exanple will now be described to
further il|$electivist ite phefdnsi ofnd Hugheni Heshiiity hot nereodefiiny Udwnt o

limt the invention in any manner. EXAMPLE
comparative Catalysts A and B in the dehydrogenation of isopentane.

Set forth in Table II is the decrease (%) in conversion from
the conversion percentage at 1.25 hr. to the conversion pereentege at
4.25 hr. for each of the catalysts and their respective cycles.
Caleulation of this decrease in conversion provides a good indication of
the rate of deactivation of the catalyst during the dehydrogenation step

of a particular cycle.

Table II

Decrease in Conversion for Catalysts A, B, and C

in Cycles 1, 2, and 3

Conversion Decrease (%)

Cycle . A B C
1 | Np? 21 11
2 22 24 17
3 21 23 17

8 ND means not determined due to lack of data.

- ——— s et e wn - . o— —

It can be seen from Table II that conversion decreased to a

lesser extent in each cycle for Catalyst C as compared to Catalysts A



The purpose of this exanple is to conpare dehydrogenation results obtained
wWth three separate catal ysts (Catalyst A B, and C)"Vh*th‘mere—ﬁfepaped
enpl oying different preparation processes. Catalysts Apga

conparative catalysts and Catalyst Cis an invention' ca %?lon
of ~such catal ysts are described below. Catalyst A (Co

i ncorporation of tin i nto support naterial and subseique n of
support wi.th platinumfrom aqueous sol ution containing platlnun1conpound):
939 g of a boehmite alum na (Vista Chem cal Conpany, Houston, Texas, under
t he product designation "D spal"”), 597 g of zinc oxide (Zi nc Corporation of
America, Mnaca, Pennsylvania), 19.5 g of stannic oxide (Harshaw Chenical
Co., Cevel and, Chlo) and 150 g of cal ci uhfal um nate (Secar 71 Cement,
fron1LaFarg gﬁ: Alunl ﬁtes, esapeake VA) were dry mxed in a mx
mul I er for 249 tl%"t esthabI¥i shawee Yate 9 ode?ch?Satri‘E“of°raﬁa‘a'%|]cﬂ§Gus 1

vol une pereent acetlc aC|d solutlon



over a period of 3 mnutes while mxing was continued. The resulting paste

was dried at

dried materi al
fraction which passed through the screen was sprayed

Vﬁh-—suii.i_CMtneTr
to bring the noisture level to about 10-1% wei ght perc @mﬂrs based on

total weight of the thus noistened naterial. 34 g of zi
bl ended with the resulting naterial, followed by tablet
machi ne, equipped with dies to nake 3.2 nmx 3.2 nmm (1/8"

-7- [err]. overnight in a Blue Mcircul ating air oven.

was ground, sieved through a 30 nmesh screen, and the

at a pressure of about 623 N (140 I b). Thereafter, the tabl ets were
calcined in air for 5 hours at. [err]. after '

\

1
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CLAIMS

A process for preparing a dehydrogenation catalyst, wherein a sup-

port comprising zinc aluminate is impregnated with at least one of

platinum and tin from an impregnation solution, characterized by .

contacting such support with an impregnation solution comprising, in
solution, a tin compound, a pldtinum compound, and a carboxylic
acid.

The process of claim 1, wherein the impregnation solution further
comprises an inorganic acid. |

The pr’oces; of claim 2, wherein the impregnation solution has been
formed by combining (i) a first solution comprising the platinum
compound and the carboxylic acid and (ii) a second solution com-

prising the tin compound and the inorganic acid.

The process of claim 2 or 3, wherein the carboxylic acid is oxalic
acid and the inorganic acid is hydrochloric acid.

The process of any of the preceding claims, wherein the platinum

- compound is chloroplatinic acid and the tin compound is stannous

chloride.

The process of any of the preceding claims, wherein the impregna-
tion solution contains, each in weight percent based on the weight

of the support: from 0.05 to 5 % platinum, based on metal; from

The

Tﬂlﬁmiﬂl g

t&bl*et s,



havi ng rérrped to [err] over about 6 hours. An aqueous inpregnation sol ut i on
of chloroplatinic acid, having a platinumcontent sufficient to deposit

about 0.6 weight percent (as based on total weight of catd of platinum
on“the support, was sprayed onto the calcined tablets. Coatl
cal cined tablets with inpregnation sol utign was facilitate [ﬁﬁﬂ | ng

such tablets while in a mxer that is rotated about its [on

at an acute angle with respect to vertical. The thus mpregnat %d Lt@@ 1

weré dried in air at [err]. for 3 hours and then calcined in flowing afr
[err]. for 3 hours after having ranped to the [err]. tenperature at a rate
of [err]. In order to substantially renove chloride ions fromthe resul ting
cal cined catal yst, the catal yst was washed for 3 hours in water at a

tenperature of [ernr] ., f I%o d,b rying.in air at rb,for,3 ursto
result in the fi ner Egti \tf\ﬁ’ é:(%ﬁgc‘}a/ﬂ éﬁ?@g @ ii Hi?oa%u‘faraoﬁ'
percent platinum aad gbﬁimlluyvepogl% lﬁgﬂ’gﬁﬁ@ta&dn as based on the tot aI
wei ght of the _

7. The process of any of the preceding claims, wherein the impregna-

tion solution is an aqueous solution.

8. The process of any of the 'precéding claims, wherein the support
further comprises calcium aluminate.

9. The use of the dehydrogenation catalyst as defined in any of claims
1 to 8 in a process for dehydrogenating alkanes containing 2 to 8
carbon atoms to alkenes in the presence of steam.

10. The use of claim 9, wherein said dehydrogenating is carried out at
a temperature in the range of 500 to 650 °C and a molar ratio of
steam to alkane in the range of 0.5:1 to 30:1

11. The use of claim 9 or 10, wherein said alkanes comprise isopentane,
in particular wherein said alkenes formed in said process comprise
3-methylbutene-1, 2-methylbutene-1 and/or 2-methylbutene-2.

: e —
s * This Sheet Has Been R m
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catal yst. Catal yst B (Conparative-sinultaneously inpregnation of support
with platinumand tin froman aqueous solution containing a platinum
conpound, a tin conpound, and an inorganic acid): In preparation of a first
bat ch of support tablets, 597 g of zinc oxide (described above), 939 g of
boehm te al um na (descri bed above), az&§§50 of less than 30 nmesh cal ci um
al um nate (described above) were dry Ta mix-nmuller for 10 minutes.

To the dry m xture was slowly added 825 nL of an aqueous 1 vol une percent
acetic acid solution over a period of 15 m nutes while m xing was

continued. Thereafter, 3PLATINUNMANID IINIGONTADNING CATAIHSDr aphite from
Lonza Inc., Fairlawn, New Jerse was added, with m xin over a period of
15 minutes. The resul Iﬁﬁ%ﬂﬂgﬁﬂﬂéﬁﬂQﬁNﬁ Gﬁgﬂf HONnh a Blue M
circulating air oven. The dried material was ground S|eved t hrough a 30
mesh sieve, and the resulting fraction of |ess than 30 nesh

In a process for preparing a déhydrogenatien catalyst of the
type in which a support comprising zinc aluminate is impregnated with at
least one of platinum and tin from an impregnation solution, the
improvement comprises simultaneously impregnating the support with Fhe
platinum and the tin by contacting the support with an impregnation
solution which comprises, in solution, & tin compound, & platinum
compound, and a carboxylic aci&. The thus prepared catalyst can be.
employed in the dehydrogenation of at least ome alkane containing 2-8

carbon atoms per molecule in the presence of steam.

o
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-8- .was=gprayed with sufficient water to bring the nnlstureﬂ@eﬁfbﬁt up to
10. 51 wei ght percent, as based on the total weight of the thus noistened
material. The resulting noist material was tabletted in the manner
described for Catalyst A, and then calcined in air in a nuffle furnace at
[err] for 5 hours after having ranped tajerr] over about 6 hours. second
batch of support tablets was prepared in the same manner as the fidt

bat ch, except that the pBATIN ARE r RTRING: O 2Q9fl sieving was
sprayed with sufficient water to Or | Ng t e nnlsture content up to 10.01

wei ght percent i nst e&dNi ‘ A LKA ' dt ch was m xed

with the first batch of upgg iEE! EES ]

< According to one aspect, this invention relates to a process for preparing a

dehydrogenation catalyst comprising platinum and tin on a zinc aluminate-containing
support.

In the preparation of dehydrogenation catalysts comprising platinum and
tin on a zinc aluminate-containing support, it is known to impregnate the support with
platinum and/or tin by contacting such support with an impregnation solution having at
least one of a platinum compound or tin compound dissolved therein. However,
improvement in such dehydrogenation catalysts with respect to activity (i.e. conversion),
selectivity to olefins, and rate of deactivation would be desirable.

F INV ON

Itis, theréfore, an object of the invention to provide a process for preparing
a ‘dehydrogenaﬁon catalyst comprising a zinc aluminate-containing support which is
impregnated with platinum and/or tin from an impregnation solution, and which
demonstrates improved performance in the dehydrogenation of alkanes with respect to
activity, selectivity to olefins (particularly monoolefins), and rate of deactivation.

The above objects are realized by the various aspects of the invention
described below: |

According to the invention there is provided a process as defined in claim
1. In this process for preparing a dehydrogenation catalyst of the type in which a support
comprising zinc aluminate is impregnated with at least one of platinum and tin from an
impregnation solution, the improvement comprises simultaneously impregnating the
support with the platinum and the tin by contacting the support with an impregnation
solution which comprises, in solution, a tin compound, a plaﬁnum compound, and oxalic
acid, and an inorganic acid, wherein the impregnation solution has been formed by
combining (i) a first solution comprising the platinum compouﬁd and the oxalic acid, and
(ii) a second solution comprising the tin compound and the inorganic acid.

REPLACEMENT SHEETS  SG -
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result +n a bl ended 'batch of support t abl et s. ZloiREPEA EME}\E §HEE'H.batch
of support tablets were then dried in air at [err] DO} g of

such dried support tablets were enployed to produde jCat g g\},‘é’?ﬁas de¢scri bed
below. A first solution was prepared by dissolvin : Sé%dx orLo latinic

acid crystals in 25 nL of water. A secong solutio
dissolving 1.92 g of hydrated stannous chloride [ekr] in 3.0 nL of

concentrat ed hydrochlsfl ' Ef‘a? ' Sric-t ' i ght
percent HC ). The thuﬁg{ép&régggﬂrog |gir{st gﬁ?}é&e%dgg solu iotr?g%ma@r?\cﬁge and
heat ed t o [pe6dess éan beatsed in the dehwdrogenatianlof atjieastoret dlkame cohtaining2-8 Tarbon

above-nentioned 100 g of support tablets were sprayed with the inpregnation
soluti on i ritemeperanelegtedn the prasenes obsteam 4o at lsag opdralkens o yst A to result

i i npregnated tabl etys. whi e re for
about 30 m nutes. Theﬁ ?%Pé’éﬁﬁ?é‘gbs?é‘%ﬁ%%v@? ggfﬁg%\h}@?‘?%ggﬁ\m%@%ver ni ght
at [err], friabpesEih de¥ordanceiwithidhe invention demonstrates, in the dehydrogenation of an

- alkane, higher activity, higher selectivity to olefins (particularly monoolefins), and a

slower rate of deactivation than comparative catalysts produced in accordance with prior
art processes. |
DETAILED DESCRIPTION OF THE INVENTION
'In the presently preferred method of preparing the zinc aluminate-
containing support, the zinc aluminate is prepared by a method comprising mixing
(preferably dry-mixing in a suitable mill) appropriate amounts (preferably approximately
equimolar amounts) of the zinc oxide and alumina, adding water or a dilute aqueous acid
solution such as a dilute acetic acid solution while mixing is continued, drying the
resulting wet mixture (preferably at 150-250°C.), and then calcining (preferably by
heating in air) the dried mixture at a sufficiently high temperature (preferably at 750-
1200°C., more preferably 750-1000°C.) for a sufficient length of time (preferably 1-10
hoﬁrs) to form zinc aluminate. The alumina employed can be in any suitable form, such
as hydrated or flame-hydrolyzed, but is preferably hydrated alumina and most preferably
an alumina monohydrate such as boehmite or pseudoboehmite. Various other additives,
such as graphite and/or calcium aluminate, can also be present during the mixing step.
The inclusion of calcium aluminate in the support is particularly preferred. The time
required for thorough dry-mixing and subsequent mixing with fhe water or aqueous acid
solution depends on the particular mixing equipment, amounts of ingredients to be mixed,
and other operating parameters. The above-described dried mixture can be appropriately
moistened Qvith water and then extruded, tabletted, granulated, or processed to any other
suitable form prior to calcining. A suitable lubricant such as zinc stearate can be '
employed, if desired, in such processing of the dried mixture.
After preparation of the support, such support is simultaneously
impregnated with platinum and tin by contacting the support with an impregnation

solution comprising at least a platinum compound, a tin compound, oxalic acid, and an



in flowing air in accordance with the followi ng sche RE@LACEMEW SHEE;;‘DI ent

tenperature to [err] at [err] and hold at [err] for 1 terr]

to [err] at [err] and hold at [err] for 2 hours; ranpg firo rég ] [lenr]
at [err] and hold at [err] for 5 hours; and allow ng k q] ﬁfg“?gggm

tenperature over 3-4 hours. Chloride iongwere substant
the resulting calcined catal yst by washing with 57 [e r] (15 gallons)

osul ¢ 1 diepliRaial TRt A Carb S B BRI smé"{ﬁi{f] °

percent pl aprayh@thelﬁl@mwmith&&mgfﬁgnaﬁfmmmhldﬁ byaﬁiniwﬁ@the @u}bﬁlﬁ‘t 1“&1@11@'
wei ght of the catalyst. Catalyst C (Invention - sinultaneous |Inpregnation
of “suppor t iPregnation W!ﬂ’leﬁﬁllf%lﬁntﬁmﬁ%é&%bmlﬂtﬁl@f theopletinumm and tin in

Pl ati num cQERAURYfrReS ifo &%@BBM ' When spraying the support, it is typical to employ a

volume of impregnation solution which is approximately equivalent to the pore volume of

from'

the support, preferably followed by a suitable “aging” period of 0.1-24 hours, more
preferably 0.25 - 1 hour, to allow substantially all of the platinum and tin in solution to
diffuse into the support. Where the support is immersed in impregnation solution, it is
typical to employ a volume of solution which is 1-2 times the volume of support being
impregnated.

As to the composition of the impregnation solution, such solution
comprises, as mentioned above, a platinum compound, a tin compound, oxalic acid, in
solution, and further comprises an inorganic acid. Most preferably, the impregnation
solution is an aqueous solution consisting essentially of water, the platinum compound,
the tin compound, oxalic acid, and the inorganic acid. The preferred weight percentages
of the platinum of the platinum compound, the tin of the tin compound, the oxalic acid,
and the inorganic acid are as follows, respectively, based on the weight of the support:
preferably 0.05-5 weight percent, and most preferably 0.1-1 weight percent of the
platinum; preferably 0.1-5 wéight percent, and most preferably 0.5-2 weight percent of the
tin; preferably 1-30 weight percent, most preferably 5-20 weight percent of the oxalic
acid; and preferably 0.1-10 weight percent, and most preferably 1-5 weight peréent of the
inorganic acid. The concentrations of the platinum compound, tin compound, the oxalic
acid, and the inorganic acid as present in a suitable solvent, such as water, are not
particularly critical as long as such components remain in solution and are present in the
desired amounts relative to the weight of the support.

Any platinum compound capable of impregnating the support with
pl_atinum. from the impregnation solution can be employed in accordance with the
invention. Suitable platinum compounds include platinum chloride, chloroplatinic acid,
ammonium chloroplatinate, platinum diammine oxalate, and platinum tetrammine
chloride. Chloroplatinic acid is particularly preferred.

Any tin compound capable of impregnating the support with tin from the



9 oxalic-acid, and an inorganic acid): 100 g of suppor '
bl ended batch descri bed above, were enpl oyed to prepar HLACEMﬁNW
the sane manner as described for Catalyst B, except t
was prepared by dissolving 15 g of oxalic acid in 25

—

[nenum util on
i

1.58 g of chloroplatinic acid crystals, _agnd then heatijnd Jv?é’%&]wséivl '
o)

facilitate dissolving of oxalic acid in the water. Sugh .',rcf sal uf |

mi xed Wi th jiheeehahEHsbian ban bR chihléyeath hedoRddn P@wﬁtﬁ'ﬂiﬁﬂbéﬁt A0 SRbblk ! ) |

t he sane manner as described for "Cdtal yst B,

st eps of caoaippebdyinelpde tin halndas&m&htemxalaﬁdss@etathsmmdesl, amdnh)tdmadesj éﬁﬁr | bed

DI 2t i num ATUSERAT: PSR, A HEROBA CHIOTAS 1S RaHGR THERA 1 ot ol wei ght | of
B Suitable inorganic acids include, for example, hydroehloric acid, nitric
aci&, sufuric acid, hydrofluoric acid, and phbsphoric acid. Hydrochloric acid is most
- preferred.

The impregnation solution is formed from the combination of (a ﬁrst -
solution comprising thé platinum compound and the oxalic acid and (ii) a second solution
comprising the tin compound and the inorganic acid. Each of the first and second
solutions are preferably aqueous solutions. It is also preferred to heat the resulting
impregnation solution to a temperature of 20°C.-90°C., most preferably 40°C.-60°C.,
immediately prior to impregnation of the support in order to facilitate dissolving of the
various components and also to facilitate diffusion of the platinum and tin into the
support. .

Following impregnation, the impregnated support is preferably dried at a
temperature of 80-250°C., followed by calcining in an oxygen-containing atmosphere
(i.e. air) at a temperature of 400-600°C. The resulting calcined catalyst is then preferably
washed with water to remove any ions (i.e. chloride), and is subsequently dried again.,

The catalyst produced as described above generally contains the following
components in the specified weight percentages as based on the weight of the catalyst:
80-98 weight percent zinc aluminate; 0.05-5 weight percent platinum; 0.1-5 weight
percent tin; and according to a preferred embodiment, 1-20 weight percent calcium
aluminate. It is understood that additional components which are beneficial for catalyzing
the dehydrogenation of alkanes may also be present in small amounts, such as Re, Au, Ag,
alkali metal, Ce, and the like. Generally, the surface area of the catalyst is in the range of

‘ from 5 to 100 m*/g. The catalyst particles can have any suitable size and shape, such as
cylindrical, spherical, granules, or trilobal.

Any suitable alkane containing 2-8 carbon atoms per molecule can be used
as feed in the dehydrogenation process of this invention such as, for example, ethane,
propane, n-butane, isobutane, n-pentane, isopentane, and mixtures thereof. Particularly

preferred is isopentane.

o
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the range of 500°C.-650°C., preferably 560-610°C. The molar ratio of steam to the

alkane(s) in the vaporized feed is generally in the range of from 0.5:1 to 30:1, preferably
from 2:1 to 10:1. The pressure is generally in the range of from 0 to 1.38 MPa gauge
(0 to 200 psig), and preferably 0.14 to 0.69 MPa gauge (20 to 100 psig).

In the dehydrogenation process, steam and vaporized alkane, preferably
premixed at the desired molar ratio, are generally preheated and passed through the
dehydrogenation reactor (or a train of two or more reactors in series or in parallel)
containing a fixed bed of the catalyst. The gas hourly space velocity of the vaporized
alkane feed (excluding steam) in the dehydrogenation process is generally in the range of |
from 100 to 10,000 cc alkane per cc catalyst per hour, preferably from 500 to 2,000
cc/cc/hour. The flow rate of steam is determined by the desired molar ratio of steam to
alkane feed. Free oxygen is substantially absent during the dehydrogenation since O,
causes the formation of higher émounts of undesirable carbon oxides (CO and/or CO,)
during the process.

During the dehydrogenation process, the catalyst loses some of its catalytic
activity, in part because of coke formation on the catalyst surface. When the catalytic
activity has dropped below an effective level (generally after 6-30 hours on stream), the
flow of the alkane-containing feed is cut off, and a purge of gas comprising steam and/or
an inert gas (e.g., N, Ar, He) is passed through the hot catalyst bed (at a temperature of
500°-650°C., for 1-60 minutes), so as to substantially remove hydrocarbons from the
reactor. Subsequently, the catalyst is regenerated, preferably by treating the catalyst for a
suitable time with a free oxygen-containing gas, preferably a stream of steam-diluted air.
Generally, the regeneration temperature is in the range of from 450°-750°C., and the
molar ratio of steam to free oxygen is in the range of from 20:1 to 200:1. The pressure
during regeneration is generally 0 to 1.38 MPa gauge (0-200 psig), preferably
0.14 - 0.69 MPa gauge (20-100 psig). The duration of regeneration depends on the

regeneration conditions and on the amount of coke deposits to be removed. Generally,
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regenerated catalyst composition until catalyst regeneration is again required.

The product mixture of the dehydrogenaﬁon process comprises primarily
monoolefins (alkenes). By-products include CO, CO,, paraffins, and diolefins. When
isopentane is used as feed, primarily C; monoolefins, such as 3-methylbutene-1, 2-
methylbutene-1, 2-methylbutene-2, are formed. The thus formed monoolefinic
hydrocarbons can be recovered after having been separated from other components of the
product mixture of the dehydrogenation process by any suitable means, e.g., by fractional
distillation, absorption/desorption processes, or membrane separation techniques.
Unreacted feed, after it has been substantially separated from other product mixture
components, can be recy_cled. to the dehydrogenation reactor which contains the catalyst.

It is understood that reasonable modifications and variations of the
invention can be made without departing from the scope of this invention.

An example will now be described to further illustrate the invention, but
which should not be construed to limit the invention in any manner,

EXAMPLE
~ The purpose of this example is to compare dehydrogenation results
obtained with three separate catalysts (Catalyst A, B, and C) which were prepared
employing different preparation processes. Catalysts A and B are comparative catalysts
and Catalyst C is ari invention catalyst. Preparation of such mﬁlysts are described below.

Catalyst A: (Comparative - incorporation of tin into support material and
subsequent impregnation of support with platinum from aqueous solution containing
platinum compound): 939 g of a boehmite alumina (Vista Chemical Company, Houston,
Texas, under the product designaﬁon “Dispal™), 597 g of zinc oxide (Zinc Corporation of
America, Monaca, Pennsylvania), 19.5 g of stannic oxide (Harshaw Chemical Co.,
Cleveland, Ohio), and 150 g of calcium aluminate (Secar 71 Cement, from LaFarge
Calcium Aluminates, Chesapeake, VA) were dry mixed in a mix muller for 10 minutes.
To the dry mixture was added 825 mL of an aqueous 1 volume percent acetic acid solution

over a period of 3 minutes while mixing was continued. The resulting paste was dried at
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step of each respective cycle. An average of data at 1.25 and 4.25 hours is
al so provi dWith sufficient water to bring the moisture level to about 10-11 weight percent, as based

B on the total weight of the thus moistened material. 34 g of zinc stearate was blended with

the resulting material, followed by tabletting in a tabletting machine, equipped with dies to
make 3.2 mm x 3.2 mm (1/8" x 1/8") tablets, at a pressure of about 623 N (140 Ib).

Thereafter, the tablets were calcined in air for 5 hours at 843°C. after
having ramped to 843 °C. over about 6 hours. An aqueous impregnation solution of
chloroplatiﬁic acid, having a platinum content sufficient to deposit about 0.6 weight
percent (as based on total weight of catalyst) of platinum on the support, was sprayed onto
the calcined tablets. Coating of the calcined tablets with impregnation solution was
facilitated by spraying such tablets while in a mixer that is rotated about its longitudinal
axis at an acute angle with respect to vertical. The thus impreghated tablets were dried in

~ air at 150°C. for 3 hours and then calcined in flowing air at 525°C. for 3 hours after
having ramped to the 525°C. temperature at a rate of 2°C/minute. In order to
substantially remove chloride ions from the resulting calcined catalyst, the catalyst was
washed for 3 hours in water at a temperature of 82-99°C., followed by drying in air at
150°C. for 3 hours to result in the final catalyst. Such catalyst contained about 0.6 weight
percent platinum and about 1 weight percent tin, as based on the total weight of the
catalyst. '

Catalyst B (Comparative-simultaneously impregnation of support with
platinum and tin from an aqueous solution containing a platinum compound, a tin
compound, and an inorganic acid): In preparation of a first batch of support tablets, 597 g
of zinc oxide (described above), 939 g of boehmite alumina (described above), and 150 g
of less than 30 mesh calcium aluminate (described above) were dry mixed in a mix-muller
for 10 minutes. To the dry mixture was slowly added 825 mL of an aqueous 1 volume
percent acetic acid solution over a period of 15 minutes while mixing was continued.
Thereafter, 30 g of high purity graphite (KS-44 graphite from Lonza Inc., Fairlawn, New
Jersey) was added, with mixing, over a period of 15 minutes. The resulting paste was
dried at 200°C. overnight in a Blue M circulating air oven. The dried material was

groﬁnd, sieved through a 30 mesh sieve, and the resulting fraction of less than 30 mesh
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was sprayed with sufficiéiit water to bring the moisture coiitent up to 10.51 weigh
percent, as based on the total weight of the thus moistened material. The resulting moist
material was tabletted in the manner described for Catalyst A, and then calcined in air in a
muffle furnace at 843 °C. for 5 hours after having ramped to 843°C. over about 6 hours.

. | A second batch of support tablets was prepared in the same manner as the
first batch, except that the material resulting from grinding and sieving was sprayed with
sufficient water to bring the moisture content up to 10.01 weight percent instead of 10.51
weight percent. Such second batch was mixed with the first batch of support tablets to
result in a blended batch of support tablets. 210 g of such blended batch of supporf tablets
were then dried in air at 150°C. for 2 hours. 100 g of such dried support tablets were
employed to produce Catalyst B as described below.

A first solution was prepared by dissolving 1.58 g of chloroplatinic acid
crystals in 25 mL of water. A second solution was prepared by dissolving 1.92 g of
hydrated stannous chloride (SnCl,2H,0) in 3.0 mL of concentrated hydrochloric acid
(aqueous solution containing about 37 weight percent HCI). The thus prepared first and
second solutions were mixed and heated to 50°C. to result in the desired impregnation
solution. The above-mentioned 100 g of support tablets were sprayed with the

impregnation solution in the same general manner as described for Catalyst A to result in

impregnated tablets which were allowed to age at room temperature for about 30 minutes.

The impregnated tablets were then dried in air overnight at 150°C., followed by calcining
in flowing air in accordance with the following schedule: ramp from ambient temperature
to 149°C. at 2°C./minute and hold at 149°C. for 1 hour; ramp from 149°C. to 266°C. at.
2°C./minute and hold at 266°C. for 2 hours; ramp from 266°C. to 524°C. at 2°C./minute
and hold at 524°C. for 5 hours; and allowing cooling to room temperature over 3-4 hours.
Chloride ions were substantially removed from the resulting calcined catalyst by washing
with 57 dm? (15 gallons) of water over a 6 hour period, followed by drying overnight in’
air at 150°C., to result in the final catalyst. Such catalyst contained about 0.6 weight
percent platinum and about 1 weight percent tin, as based on the total weight of the
catalyst. |

Catalyst C (Invention - simultaneous impregnation of support with

platinum and tin from aqueous solution containing a platinum compound, a tin compound,



catalysts and their respective cycles. Calculation of Rﬁ}'{m
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catal yst during the dehydrogenation step of a particuljar] cycle. TABLE}I I
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for Catalyst B, except that the first solution was prepared by dissolving 15 g of oxalic acid

. in 25 mL of water, adding 1.58 g of chloroplatinic acid crystals, and then heating to
80‘;C., to facilitate dissolving of oxalié acid in the water. Such first solution was mixed
with the second solution to result in the impregnation solution in the same manner as
described for Catalyst B, followed by the remaining steps of catalyst preparation which
were also identical to those described for Catalyst B. The final Catalyst C contained about
0.6 weight percent platinum and about 1 weight percent tin, as based on the total weight of
the catalyst. _ | |

Dehydrogenation Runs - Each of Catalysts A, B, and C were employed in
the dehydrogenation of isopentane in a laboratory reactor having a length of about
30.5cm (1 foot) and a diameter of about 25.4 mm (1 inch). With respect to each catalyst,
the reactor was loaded with multiple layers of material including a catalyst layer (6.0 g)
25.4-38.1mm (1-1 1/2 inches) high, an upper layer of alumina 127-152 mm (5-6 inches)
high above the catalyst layer, and a lower layer of alumina about 25.4 mm (1 inch) high
below the catalyst layer.

Liquid isopentane was vaporized and introduced into the reactor at a flow
rate of 24 cc/hour, and superheated steam was introduced into the reactor at a flow raie of
25.2 cc/hour to provide an isopentane/steam mixture having a steam to isopentane molar
ratio fo 6:1. Other process conditions included a catalyst bed temperature of 580°C. and a
reactor pressure of 0.35 MPa (50 psia). The exiting product gas was analyzed by means of
a gas chromatograph.

Dehydrogenation runs for each catalyst were carried out in a cyclic, |
continuous flow process with intermediate air regeneration, where each cycle consisted of
the following steps at the above-described temperature and pressure: a regeneration step
consisting of flushing of the cﬁtalyst with nitrogen for 15 minutes at a flow rate of about
125cc/minute, passing air for at least 60 minutes at a flow rate of 125cc/minute over the
catalyst, and then another 15 minute nitrogen purge of the catalyst; and then a conversion
or dehydrogenation step of passing the isopentane/steam mixture through the reactor and

catalyst for about 7 hours. Three such cycles were carried out with each catalyst.



Catal yst-C as conmpared to Catalysts A and B, indicating a desirably sl ower
rate of deactivation for Catalyst C - 13 - CLAIMS 1. - A
process for preparing a dehydrogenation catalyst, wherein a support
conprising zinc alumnate is inpregnated with at | east one of platinum and
tin froman inpregnation solution, charaggerized by contacting such support
with an inpregnation solution conprising, in solution, a tin conpound, a

pl ati num conpound, OXGdnversiifti éi'ld%@lécﬁkﬂty' l’éﬂﬂﬂ%‘&‘ Catas0A, BN fre'sBEforth in

i npr egnat i on sol ution has been formed by conbining (i) a
Table I. Converted products for each catalyst included primarily Cs monoolefins such as
.3-methylbutene-1,2-methylbutene-1, and 2-methylbutene-2, but also included small

" amounts of by-products such as carbon monoxide, carbon dioxide, paraffins, and diolefins.

Coﬁversion in Table I is given in terms of mole percent of the feed (isopentane), and
selectivities are given in terms of mole percent of the converted feed. Data is provided in
Table I for each of the three cycles for products collected at 1.25 hour and 4.25 hours into
the conversion (dehydrogenation) step of each respective cycle An average of data at

1.25 and 4.25 hours is also provided.
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first solution conprising the platinumconpound and the oxalic acid and

1) a second solution conprising the tin conpound and the inorganic acid.
The process of claim1l, wherein the inorganic acid is
hydrochl oric acid. 3. The process of claiml1l or 2, wherein the
pl ati num conpound is chloroplatinic acid and the tin conpound is stannous
chloride. 4. The process of any of the preceding clains,
wherein the inpregnation solution contains, each in weight percent based on
t he wei ght of the support: fromO0.05 to 5@6p|at|nun1 based on netal; from
0.1to 5%tin, based on metal ; fronr1120-30% oxal i ¢ acid; and from0.1 to
10@6|norgan|c acid. 5. he process of any of the preceding

claims, whein tBe E?p ti onZsofy S anFaqﬁ?oEi | ution. 6.
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conpri ses cal cium alunmi nate, preferably 1 to 20 wei ght percent cal ci um

al um nate. 7. The process of any of the preceding clains,
wherein the i npregnated support is dried at a tenperature of 80 to [err],
followed by calcining in an oxygen- containing atnosphere, at a tenperature
of 400 to [err]. 8. The progﬁgg of claim?7, wherein the
resulting cal cined catal yst  is washed w wat er to renove chl oride ions

and is subsequently dried. Q.. I rocess. of any of.the
precedi ng cl ai ms, wher eﬁ’h"apﬁ’g sm@%@@#&@%ﬁ?@@ﬁf&a@&%%@&% each
case in weighéntRA! 53Ridel 28&Istaitly KigheMRbaN¥rsiOH, i Eemwg ' to 98
wei ght per centn Zi ngl%al Sm’ nat e, (}'t Oght 05 mé%htéh;eér cent }t%ﬂeﬁg%aﬁ .1to 5
wei ght per deghertselectivitycto mempoRfingthaglvomperatiee Catahystsi AlamdBunitleeat e. CASE:
33163 . . : '

- dehydrogenation of isopentane. _ _ _

- Set forth in Table II is the decrease (%) in conversion from the

conversion percentage at 1.25 hr. to the conversion percentage at 4.25 hr. for each of the
catalysts and their respective cycles. Calculation of this decrease in conversion provides a

good indication of the rate of deactivation of the catalyst during the dehydrogenation step

of a particular cycle.
TABLEII
ASE TALYSTS A, B LES 1.2
NVER %
Cycle A =& C
1 ND* 21 11
2 22 2 17

3 21 23 17
*ND means not determined due to lack of data.
It can be seen from Table II that conversion decreased to a lesser extent in each cycle for

Catalyst C as compared to Catalysts A and B, indicating a desirably slower rate of
deactivation for Catalyst C.
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CLAIMS
1. : A process for preparing a dehydrogenation catalyst, wherein a support
comprising zinc aluminate is impregnated with at least one of platinum and tin from an
nnpregnatlon solution, characterized by contactmg such support with an impregnation
solution comprising, in solution, a tin compound, a platinum compound, oxalic acid and
an inorganic acid, wherein the impregnation solution has been formed by combining (i) a
first solution comprising the platinum compound and the oxalic acid and (ii) a second
solution comprising the tin compound and the inorganic acid.
2. The process of claim 1, wherein the in_organié acid is hydrochloric acid.
3. The process of claim 1 or 2, wherein the platinum compound is
chloroplatinic acid and the tin compound is stannous chloride.
4. The process of any of the preceding claims, wherein the impregnation
solution contains, each in weight percent based on the weight of the support: from 0.05 to
5% platinum, based on metal; from 0.1 to 5% tin, based on metal; from 1 to 30% oxalic
acid; and from 0.1 to 10% inorganic acid. |
5. : The process of any of the preceding claims, wherein the impregnation
solution is an aqueous solution.
6. _ The process of any of the preceding claims, wherein the support further
comprises calcium aluminate, preferably 1 to 20 weight percent calcium aluminate.
7. The process of any of the preceding claims, wherein the impregnated
support is dried at a temperature of 80 to 250°C., followed by calcining in an oxygen-
containing atmosphere, at a temperature of 400 to 600°C.
8. The process of claim 7, wherein the resulting calcined catalyst is
washed with water to remove chloride ions and is subsequently dried.
9. The process of any of the preceding claims, wherein the
dehydrogenation catalyst contains, in each case in weight percent based on the weight of
the catalyst: from 80 to 98 weight percent zinc aluminate, 0.05 to 5 weight .percent
platinum, 0.1 to 5 weight percent tin, and 1 to 20 weight percent calcium aluminate.
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E FIN AL DE ROGENATION

F THE DISCL.OS

-In a process for preparing a dehydrogenation cataiyst of the type in
which a support comprising zinc aluminate is impregnated with at least one of platinum
and tin from an impregnation solution, the improvement comprises simultaneously
impregnéting the Support with the platinum and the tin by contacting the support with an
impregnation solution which comprises, in solutidn, a tin compound, a platihum
compound, and a carboxylic acid. The thus prepared catalyst can be employed in the
dehydrogenation of at least one alkane containing 2-8 carbon atoms per molecule in the

presence of steam.

REPLACEMENT SHEET

1 2 MAY 1996

CASE: 33163



