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U.S. Patent 3,531,543 discloses dehydrogenat- ing hydrocarbons with a
catalyst comprising plati- FIELD OF THE INVENTION
num, tin and neutralized metal oxide carrier. The pre- ferred carriers are
oxide materials whose intrinsic This invention relates to the conversion of
hydro-   5   acidity is substantially neutralized by an alkali or al-
carbons, especially the dehydrogenation of dehy-   kaline earth metal
component. Pure alumina, for ex- drogenatable hydrocarbons, in the presence
of a    ample, has such intrinsic acidity. (cf. Pines and catalyst
composite. This invention also pertains to a  Haag, Journal of the American
Chemical Society, new catalyst composite and a method of making it.  82,
2471 (1960)). For example, alumina catalyzed the Dehydrogenating
hydrocarbons is an important  10  skeletal isomerization of olefins,
dehydrates alco- commercial hydrocarbon conversion process be-      hols
and strongly chemisorbs amines. Also, with in- cause of the great demand
for dehydrogenated hy-   creasing amounts of alkali present there is a
paral- drocarbons for the manufacture of various chemi-   lel decrease in
these acidic alumina properties. cal products such as detergents, high
octane gaso-  Preferably, the carrier of this patent is a non-acidic lines,
pharmaceutical products, plastics, synthetic  15  lithiated alumina.
Preferably, the catalysts of this rubbers, and other products well known to
those    patent are prepared from halogen-free compounds. skilled in the
art. One example of this process is de-  Compounds containing halogen may
be used to man- hydrogenating isobutane to produce isobutylene     ufacture
the catalyst provided the halogen residue which can be polymerized to
provide tackifying      is efficiently removed from the final catalyst com-
agent for adhesives, viscosity-index additives for  20   posite. motor oils
and impact-resistant and anti-oxidant ad-  U.S. Patent 3,745,112 discloses
a catalyst for re- ditives for plastics.
forming hydrocarbons which comprises a platinum group component, a tin
component and a halogen BACKGROUND OF THE INVENTION
component with a porous carrier material. This pat- 25   ent discloses also
that a platinum-tin-alkali or alka- It Is well known to catalyze the
conversion of hy-  line earth composite is a particularly effective cata-
drocarbons with solid catalysts comprising platinum  lyst for
dehydrogenating hydrocarbons. In the de- group metals. For example, U.S.
Patents 2,479,109   hyrogenation catalyst composite of this patent and
2,479,110 disclose a catalyst comprising plati-  wherein the alkali or
alkaline earth component Is num on alumina with combined halogen for
catalyzing   30  added, the amount of halogen, if not entirely elimi-
reforming, hydrogenating, hydrocracking, oxidizing  nated, is minimized in
order to minimize or neutralize and   dehydrogenating  reactions.  The
term       the acidic functions of the alumina and halogen com- "reforming"
in these patents means simultaneously   ponents which tend to promote
hydrocarbon crack- dehydrogenating, isomerizing, cyclizing and crack-  ing
and isomerization side reactions which are not ing a gasoline feedstock.
The combined halogen   35   desired in commercial dehydrogenation process.
component of this catalyst contributes to a control-  U.S. Patent 3,892,657
discloses that indium is a led type of cracking activity. The halogen
content is  good promoter for platinum group-containing cata- preferably
maintained below about 8 wt. % of the     lysts when the atomic ratio of
indium to platinum is alumina to avoid excessive side reactions, including
from about 0.1:1 to about 1:1. This patent discloses al- cracking
reactions, which result in excessive gas   40  so that a Group IVA
component selected from the formation and low liquid volume yield of
reformed   group of germanium, tin, and lead can be added to products.
These patents do not disclose utilizing an  the acidic form of the
indium-containing catalysts alkali component.
for reforming applications. The acidic form of this U.S. Patent 2,930,763
discloses a two-step pro-  catalyst, then, comprises a platinum group
compo- cess for reforming hydrocarbons. In the first step   45   nent, a
Group IVA component, an indium compo- a hydrocarbon fraction containing
unsaturated com-  nent, a halogen component and a porous carrier ma- pounds
and/or nitrogen, sulfur or oxygen com-     . terial. The acidic catalyst
contains up to about 3.5 pounds is contacted with hydrogen in the presence
wt. % halogen for reforming applications and up to of a catalyst comprising
platinum and an alkali metal  about 10 wt. % halogen for isomerization and
crack- component on alumina to hydrogenate and saturate  50  ing
applications. In the dehydrogenation catalyst of the unsaturated compounds
and/or reduce the nitro-  this patent wherein the alkali or alkaline earth
com- gen, sulfur or oxygen content of the hydrocarbon    ponent is added,
however, the halogen content is fraction. In the second step of this
process the    maintained at the lowest possible value (about 0.1 treated
hydrocarbon fraction from the first step is  wt. %). contacted at reforming
conditions with a conven-  55  U.S. Patent 3,909,451 discloses a new method
tional reforming catalyst comprising platinum and  for making a
dehydrogenation catalyst comprising a combined halogen on alumina.
Optionally the cata-  platinum component, a tin component and an alkali or
lyst utilized in the first step may contain halogen. A  alkaline earth
component In Example V this patent catalyst consisting essentially of
alumina, from   discloses a platinum, tin and potassium composition about
0.01 % to about 1% by weight of platinum, from   60  comprising less than
0.2 wt. % combined chloride. about 0.1% to about 1% by weight of combined
halo-   U.S. Patents 4,329,258 and 4,363,721 disclose a gen, and from about
0.01% to about 1% by weight of  catalyst comprising a platinum group metal,
tin, an al- an alkali metal is recited in Claim 2 of this patent.  kali or
alkaline earth metal and combined halogen el- This patent also does not
disclose utilizing a Group  ement with a refractory oxide-mineral carrier.
The IVA component.                                65  atomic ratio of
alkali or alkaline earth metal to plati- 2  



3                  EP0248130B1                      4 [err] group metal for
catalysts of these patents is  tassium, based on the weight of the
composite. from 0.2 to 10. The patentees discovered that parts-  In an
alternative embodiment the invention is a per-million quantities of alkali
or alkaline earth corm-  method of preparing a catalytic composite compris-
ponent added to catalyst containing a platinum     ing compositing a
carrier material with a platinum group metal, tin and halogen helped
increase the   5   group component, a Group IVA component, a lithium C5+
yield in a reforming process.                   component and a potassium
component sufficient to British Patent 1 499 297 discloses a dehydrogen-
result in 0.05 to 2.0 wt. % lithium and 0.05 to 3 wt. % ation catalyst
comprising platinum, at least one of  potassium, based on the weight of the
composite. the elements gallium, indium and thallium, and an al-  In yet
another embodiment the invention is a hy- kali metal, especially lithium or
potassium, with alumi-  10  drocarbon conversion process comprising
contact- na as the carrier material. The catalysts of this pat-  ing a
hydrocarbon charge stock at hydrocarbon ent also contain a halogen in an
amount of from 0.01  conversion conditions with a catalytic composite to
0.1 wt. %. The halogen content is purposely re-  comprising a platinum
group component, a Group duced to within this low weight % range in order
to in-  IVA component and a bifurcated alkali component crease the
selectivity and stability of the catalyst.  15   on a carrier material
wherein the bifurcated alkali In the prior art dehydrogenation catalysts
ac-   component comprises 0.05 to 2.0 wt. % lithium and knowledged above
comprising a platinum group corm-  0.05 to 3 wt. % potassium, based on the
weight of ponent, a Group IVA component and an alkali or al-  the
composite. Other objects and embodiments will kaline earth component
wherein the atomic ratio of  become evident with the following more
detailed de- the alkali or alkaline earth component to the platinum   20
scription of the invention. group component is more than 10, then, the
halogen component has been eliminated completely or other-  DETAILED
DESCRIPTION OF THE INVENTION wise maintained at the lowest possible level,
gener- ally less than 0.1 wt. %, and always less than 0.2 wt.  To
summarize, the present invention is an im- %, calculated on an elemental
basis.          25   proved catalyst composite, method of making the U.S
Patent 3,996,304, at column 18, beginning at  same as well as a process for
the use thereof. Of line 47, discloses a catalytic composite comprising
particular interest is the use of the catalyst of the an alumina-containing
refractory inorganic oxide, a  present invention as a dehydrogenation
catalyst. tin component, a rhodium component, a platinum or     As
indicated above,one feature of the catalyst palladium component, and an
alkali metal component.  30   of the invention is a platinum group
component. The The alkali metal component is taught as preferably  platinum
group component may be selected from the comprising potassium and/or
lithium. The catalyst is  group consisting of platinum, palladium, iridium,
rho- taught to have specific utility as a selective hydro-  dium, osmium,
ruthenium or mixtures thereof. Plati- genation catalyst for the
hydrogenation of conjugat-  num, however, is the preferred platinum group
com- ed di-olefinic hydrocarbons to mono-olefinic hydro-  35   ponent. It
is believed that substantially all of the carbons. Although the reference
does disclose that  platinum group component exists within the catalyst the
alkali metal component may comprise potassium  in the elemental metallic
state. and/or lithium, it does not disclose the specific cata-  Preferably
the platinum group component is well lyst of the present invention wherein
the alkali corm-  dispersed throughout the catalyst. The platinum ponent
comprises about 0.05 to about 2 wt. % of lith-  40   group component
generally will comprise 0.01 to 5 ium and from about 0.05 to about 3 wt. %
potassium,  wt. %, calculated on an elemental basis, of the final based on
the weight of the composite. As will be   catalytic composite. Preferably
the catalyst com- hereinafter set forth in the examples the broad
prises 0.1 to 2.0 wt. % platinum group component, teachings relating to the
prior art hydrogenation   especially 0.1 to 2.0 wt. % platinum component.
catalyst cannot be considered anticipatory of the   45  The platinum group
component may be incorporat- novel catalytic composite of the present
invention.  ed in the catalytic composite in any suitable manner
Suprisingly, it has been discovered that by incor-  such as, for example,
by coprecipitation or cogela- porating into the catalyst a bifurcated
alkali compo-  tion, ion exchange or impregnation, or deposition nent
having a lithium part and a potassium part there  from a vapor phase or
from an atomic source or by results an improved catalytic composite.
50  like procedures either before, while or after other catalytic
components are incorporated. The pre- SUMMARY OF THE INVENTION
ferred method of incorporating the platinum group component is to
impregnate the carrier material with It is, therefore, an object of the
present inven-  a solution or suspension of a decomposable corn- tion to
provide an Improved catalytic composite and   55   pound of a platinum
group metal. For example, plati- a method of making the same. A corollary
objective  num may be added to the support by commingling the is to provide
an improved process for the conver-  latter with an aqueous solution of
chloroplatinic ac- sion of hydrocarbons and especially for the dehy-  id.
Another add, for example, nitric acid or other op- drogenation of
hydrocarbons.                       tonal components may be added to the
impregnating Accordingly in a broad embodiment the present in-  60
solution to further assist in dispersing or fixing the vention is a
catalytic composite comprising a plati-  platinum group component in the
final catalyst com- num group component, a Group IVA component and
posite. a bifurcated alkali component on a carrier material  Regarding the
Group IVA component, it may be wherein the bifurcated alkali component
comprises  selected from the group of germanium, tin, lead or 0.05 to 2 wt.
% lithium and from 0.05 to 3 wt. % po-   65   mixtures thereof. Tin,
however, is the preferred 



3    5              EP0248130B1                      6 [err] IVA component.
We believe the Group IVA    the scope of our invention the use of carrier
materi-      r component exists within the catalyst in an oxidation  als
which have traditionally been utilized in hydro- state above that of the
elemental metal. The Group  carbon conversion catalysts such as, for
example;         n IVA component may be present as a compound such    (1)
activated carbon, coke, or charcoal; (2) silica or     a as the oxide, for
example, or combined with the carri-   5   silica gel, silicon carbide,
clays, and silicates, in- er material or with the other catalytic
components.  cluding synthetically prepared and naturally occur- Preferably
the Group IVA component is well dis-    ring ones, which may or may not be
acid treated, for persed throughout the catalyst The Group IVA
example, attapulgus clay, china clay, diatomaceous component generally will
comprise 0.01 to 5 wt. %,  earth, fuller's earth, kaolin, kieselguhr, etc.;
(3) ce- calculated on an elemental basis, of the final cata-   10  ramics,
porcelain, crushed firebrick, bauxite; (4) lyst composite. Preferably the
catalyst comprises  fractory inorganic oxides such as alumina, titanium
n 0.2 to 2.0 wt. % Group IVA component, especially   dioxide, zirconium
dioxide, chromium oxide, beryllium 0.2 to 2.0 wt. % tin.
oxide, vanadium oxide, cerium oxide, hafnium oxide, The Group IVA component
may be incorporated      zinc oxide, magnesia, boria, thoria,
silica-allumina,      P in the catalytic composite in any suitable manner
15  silica-magnesia, chromia-alumina, alumina-boria, sil-  P such as, for
example, by coprecipitation or cogela-  ica-zirconia, etc.; (5) crystalline
zeolitic aluminosili-  a tion, ion exchange or Impregnation or by like
proce-  cates such as naturally occurring or synthetically dures either
before, while or after other catalytic  prepared mordenite and/or
faujasite, for example,        c components are incorporated. A preferred
method    either in the hydrogen form or in a form which has        ti of
incorporating the tin component is cogelling it dur-  20   been exchanged
with metal cations, (6) spinels such  b ing preparation of the porous
carrier material. For  as    [err] and               P example, tin may be
incorporated in an alumina carri-  other like compounds having the formula
MO-AI203 or material by mixing a soluble tin compound such as  where M is a
metal having a valence of 2; and (7)       n stannous or stannic chloride
with an alumina hy-   combinations of materials from one or more of these
drosol, adding a gelling agent such as hexamethy-   25   groups. The
preferred carrier material for out cata-  a lenetetramine and dropping the
mixture into an oil  lyst is alumina, especially gamma- or eta-alumina.
c bath to form spheres comtaining alumina and tin. A   The preferred
alumina carrier material may be preferred method of incorporating the
germanium    prepared in any suitable manner from synthetic or component is
to impregnate the carrier material with  naturally occurring raw materials.
The carrier may a solution or suspension of a decomposable com-   30   be
formed in any desired shape such as spheres,        a pound of germanium
such as germanium tetrachlo-    pills, cakes, extrudates, powders,
granules, etc., ride dissolved in an alcohol. Ukewise, the lead com-  and
it may be utilized in any particle size. A pre-    u ponent may be
impregnated from a solution of lead  ferred shape of alumina is the sphere.
A preferred         P nitrate in water.
particle size is about 1/16 inch in diameter, though       9 Regarding the
bifurcated alkali component, we   35   particles as small as about 1/32
inch, and smaller,    P have obtained extraordinary results with a combina-
may also be utilized.                                    c tion of lithium
with potassium wherein molar ratio of  To make alumina spheres aluminum
metal is con-         h potassium to lithium is about 0.3:1, although we
be-  verted into an alumina sol by reacting it with a suit-  b lieve that
good results are also obtained at atomic  able peptizing acid and water,
and then dropping a ratios above this value. We believe that the alkali  40
mixture of the resulting sol and a gelling agent into component exists in
the final catalytic composite in  an oil bath to form spherical particles
of an alumina an oxidation state above that of the elemental metal.  gel
which are easily converted into the preferred      P The alkali component
may be present as a compound  gamma- or eta-alumina carrier material by
known such as the oxide, for example, or combined with the  methods
including aging, drying and calcining. To       9 carrier material or with
the other catalytic compo-  45   make alumina cylinders, an alumina powder
is mixed nents.                                             with water and
enough of a suitable peptizing agent        d Preferably the alkali
component is well dispersed  such as nitric acid, for example, until an
extrudable throughout the catalytic composite. The catalyst    dough is
formed. The dough is then extruded comprises from 0.05 to 2.0 wt. % lithium
and from  through a suitably-sized die and cut to form extru- 0.05 to 3.0
wt. %-potassium.                  50   date particles. Other shapes of the
alumina carrier The alkali component may be incorporated in the  material
may also be prepared by conventional meth- catalytic composite in any
suitable manner such as,  ods. After the alumina particles are shaped
general- for example, by coprecipitation or cogelation, by ion  ly they are
dried and calcined. The alumina carrier exchange or impregnation, or by
like procedures ei-  may be subjected to intermediate treatments during
ther before, while or after other catalytic compo-  55  its preparation,
including washing with water or a so-  Si nents are incorporated. A
preferred method of in-  lution of ammonium hydroxide, for example, which
Is corporating the alkali component is to impregnate  treatments are well
known in the art. the carrier material with a solution of potassium     The
catalytic composite of out invention may also       a chloride and lithium
nitrate.                       contain a halogen component. The halogen
compo- Regarding the porous carrier material, it is pref-  60   nent may be
either fluorine, chlorine, bromine or io- erably a porous, absorptive
support with high sur-  dine or mixtures thereof. Chlorine and bromine are
face area of from about 5 to about 500 m2/g. The po-  the preferred halogen
components. The halogen rous carrier material should be relatively
refracto-  component is generally present, we believe, in a        at 



ry to the conditions utilized in the hydrocarbon   combined state with the
porous carrier material and        al conversion process. It is intended to
include within  65  alkali component. Preferably the halogen oompo- 4    7
EP0248130B1                      8 [err] well dispersed throughout the
catalytic corn-  known catalyst modifiers include antimony, arsenic, [err]
. The halogen component may comprise from      bismuth, cadmium, chromium,
cobalt, copper, gal- more than 0.2 wt. % to about 15 wt. % calculated on
lium, gold, indium, iron, manganese, nickel, rhenium, an elemental basis,
of the final catalytic composite.  scandium, silver, tantalum, thallium,
titanium, tung- The halogen component may be incorporated in   5   sten,
uranium, zinc, and zirconium. For our catalyst the catalytic composite in
any suitable manner, ei-  system, we particularly prefer an indium
component ther during the preparation of the carrier material  as an
additional modifier. These additional compo- or before, while or after
other catalytic components  nents may be added in any suitable manner to
the are incorporated. For example, the alumina sol uti-  carrier material
during or after its preparation, or lized to form the preferred aluminum
carrier material  10  they may be added in any suitable manner to the cat-
may contain halogen and thus contribute at least   alytic composite either
before, while or after other some portion of the halogen content in the
final cata-  catalytic components are incorporated. lyst composite. Also,
the halogen component or a      Preferably, the catalyst of our invention
is non- portion thereof may be added to the catalyst com-   acidic.
"Nonacidic" in this context means that the posite during the incorporation
of the carrier materi-  15  catalyst has very little skeletal isomerization
activi- al with other catalyst components, for example, by  ty, that is,
the catalyst converts less than 10 mole % using chloroplatinic acid to
impregnate the platinum  of butene-1 to isobutylene when tested at dehydro-
component. Also, the halogen component or a por-    genation conditions
and, preferably, converts less ton thereof may be added to the catalyst
composite  than 1 mole %. The acidity of the catalyst can be de- by
contacting the catalyst with the halogen or a com-   20   creased if
necessary to make the catalyst nonacid- pound, solution suspension or
dispersion containing  ic by increasing the amount of the alkali component
the halogen before or after other catalyst compo-   within the claimed
range, or by treating the catalyst nents are incorporated with the carrier
material.   with steam to remove some of the halogen compo- Suitable
compounds containing the halogen include   nent. acids containing the
halogen, for example, hydro-  25  After the catalyst components have been
com- chloric acid. Or, the halogen component or a portion  bined with the
porous carrier material, the resulting thereof may be incorporated by
contacting the cata-  catalyst composite will generally be dried at a tem-
lyst with a compound, solution, suspension or dis-  perature of from about
[err] to about [err] for a pe- persion containing the halogen in a
subsequent cat-  riod of typically about 1 to 24 hours or more and alyst
regeneration step. In the regeneration step   30  thereafter calcined at a
temperature of about 3200 carbon deposited on the catalyst as coke during
to about [err] for a period of about 0.5 to about 10 use of the catalyst in
a hydrocarbon conversion     or more hours. Finally, the calcined catalyst
com- process is burned off the catalyst and the platinum  posite is
typically subjected to a reduction step be- group component on the catalyst
is redistributed to  fore use in the hydrocarbon conversion process.
provide a regenerated catalyst with performance   35   This reduction step
is effected at a temperature of characteristics much like the fresh
catalyst. The   about 2300 to about 6500C for a period of about 0.5 halogen
component may be added during the carbon    to about 10 or more hours in a
reducing environ- bum step or during the platinum group component     ment,
preferably dry hydrogen, the temperature redistribution step, for example,
by contacting the  and time being selected to be sufficient to reduce
catalyst with a hydrogen chloride gas. Also, the hal-  40  substantially
all of the platinum group component to ogen component may be added to the
catalyst corn-  the elemental metallic state. posite by adding the halogen
or a compound, solu-     According  to  one  process  of our inven- tion,
suspension or dispersion containing the halo-  tion,dehydrogenatable
hydrocarbons are contacted gen, such as propylene dichloride, for example,
to  with the catalytic composite of our invention in a de- the hydrocarbon
feed stream or to the recycle gas   45   hydrogenation zone maintained at
dehydrogenation during operation of the hydrocarbon conversion
conditions. This contacting may be accomplished in process.
a fixed catalyst bed system, a moving catalyst bed Optionally, the catalyst
of our invention may also  system, a fluidized bed system, etc., or in a
batch- contain a sulfur component. Generallythe sulfur   type operation. A
fixed bed system is preferred. In component may comprise about 0.01 to 2
wt. %, cal-  50  this fixed bed system the hydrocarbon feed stream culated
on an elemental basis, of the final catalytic  is preheated to the desired
reaction temperature composite. The sulfur component may be incorporat-
and then passed into the dehydrogenation zone con- ed into the catalytic
composite in any suitable man-  taining a fixed bed of the catalyst. The
dehydrogen- ner. Preferablysulfur or a compound containing     ation zone
may itself comprise one or more separate sulfur such as hydrogen sulfide or
a lower molecu-  55  reaction zones with heating means therebetween to lar
weight mercaptan, for example, is contacted with  ensure that the desired
reaction temperature can the catalyst composite in the presence of hydrogen
be maintained at the entrance to each reaction at a hydrogen to sulfur
ratio of about 100 and a tem-  zone. The hydrocarbon may be contacted with
the perature of from about [err] to about [err], prefera-  catalyst bed in
either upward, downward or radial bly under water-free conditions, to
incorporate the   60  flow fashion. Radial flow  of the hydrocarbon sulfur
component.                                  through the catalyst bed is
preferred for commer- 



Optionally, the catalyst may also contain other,  cial scale reactors. The
hydrocarbon may be in the additional components or mixtures thereof which
act  liquid phase, a mixed vapor-liquid phase or the va- alone or in
concert as catalyst modifiers to improve  por phase when it contacts the
catalyst. Prefera- catalyst activity, selectivity or stability. Some well-
65  bly, it is in the vapor phase.    9                  EP 0 248130 B1
10 Hydrocarbons which may be dehydrogenated in-     tion catalyst should
exhibit three characteristics, dude dehydrogenatable hydrocarbons having
from     namely high activity, high selectivity and good sta- 2 to 30 or
more carbon atoms including paraffins,  bility. Activity is a measure of
the catalyst's ability alkylaromatics, naphthenes and olefins. One group
to convert reactants into products at a specific set of hydrocarbons which
can be dehydrogenated with   5   of reaction conditions, that is, at a
specified temper- the catalyst is the group of normal paraffins having
ature, pressure, contact time and concentration of from 2 to 30 or more
carbon atoms. The catalyst is  diluent such as hydrogen, if any. For
dehydrogena- particularly useful for dehydrogenating paraffins  tion
catalyst activity we measured the conversion having from 2 to 15 or more
carbon atoms to the cor-  or disappearance, of paraffins in percent
relative responding mono-olefins or for dehydrogenating   10  to the amount
of paraffins in the feedstock. Selec- mono-olefins having from 3 to 15 or
more carbon at-  tivity is a measure of the catalyst's ability to con- oms
to the corresponding di-olefins.               vert reactants into the
desired product or products Dehydrogenation conditions include a tempera-
relative to the amount of reactants converted. For ture of from about [err]
to about [err], a pressure  catalyst selectivity we measured the amount of
ole- of from about 0.01 to 10 atmospheres and a liquid  15  fins in the
product, in mole percent, relative to the hourly space velocity (LHSV) of
from about 0.1 to  total moles of the paraffins converted. Stability is a
100 [err]. Generally for normal paraffins the lower  measure of the rate of
change with time on stream the molecular weight the higher the temperature
re-  of the activity and selectivity parameters - the quired for comparable
conversion. The pressure in  smaller rates implying the more stable
catalysts. the dehydrogenation zone is maintained as low as   20  Since
dehydrogenation of hydrocarbons is an en- practicable, consistent with
equipment limitations, to  dothermic reaction and conversion levels are
limit- maximize the chemical equilibrium advantages.      ed by chemical
equilibrium, it is desirable in order to The effluent stream from the
dehydrogenation     achieve high conversion to operate at high tempera-
zone generally will contain unconverted dehydroge-  tures and low hydrogen
partial pressures. At such natable hydrocarbons, hydrogen and the products
25  severe conditions it is difficult to maintain high ac- of
dehydrogenation reactions. This effluent stream  tivity and selectivity for
long periods of time be- is typically cooled and passed to a hydrogen sepa-
cause undesirable side reactions such as aromati- ration zone to separate a
hydrogen-rich vapor      zation, cracking, isomerization and coke formation
phase from a hydrocarbon-rich liquid phase. Gener-  increase. Therefore, it
is advantageous to have a ally, the hydrocarbon-rich liquid phase is
further  30   new hydrocarbon dehydrogenation catalyst with im- separated
by means of either a suitable selective  proved activity, selectivity and
stability character- adsorbent, a selective solvent, a selective reaction
istics. or reactions or by means of a suitable fractionation  The following
examples are introduced to further scheme. Unconverted dehydrogenation
hydrocar-      describe the catalyst and process of the invention. bons are
recovered and may be recycled to the de-  35   The examples are intended as
illustrative embodi- hydrogenation zone. Products of the dehydrogena-
ments and should not be considered to restrict the tion reactions are
recovered as final products or  otherwise broad interpretation of the
invention as as intermediate products in the preparation of other  set
forth in the claims appended hereto. compounds. The dehydrogenatable
hydrocarbons may be ad-   40   BRIEF DESCRIPTION OF THE DRAWING mixed with
a diluent material before, while or after being passed to the
dehydrogenation zone. The dilu-  Figure 1 and 2 are graphical
representations of ent material may be hydrogen, steam, methane,      the
performance in the paraffin dehydrogenation ethane, carbon dioxide,
nitrogen, argon and the like.  process of Catalyst "A," in accordance with
the in- Hydrogen is the preferred diluent. Ordinarily, when   45  vention,
and Catalyst "B," different from the inven- hydrogen is utilized as the
diluent it is utilized in  tion. Figure 1 is a graph of the normal paraffin
con- amounts sufficient to ensure a hydrogen to hydro-  version in weight
percent versus hours on stream carbon mole ratio of about 0.1:1 to about
40:1, with  of the test. Figure 2 is a plot of the selectivities of best
results being obtained when the mole ratio    the catalysts in weight
percent for producing normal range is about 1:1 to about 10:1. The diluent
hydrogen   50   olefins versus the normal paraffin conversion in stream
passed to the dehydrogenation zone will typi-  weight percent. Figures 3
and 4 are a graphical de- cally be recycled hydrogen separated from the ef-
piction of the performance of two further catalysts fluent fromthe
dehydrogenation zone in the hydro-  in the paraffin dehydrogenation
process. Depicted gen separation zone.                               in
these figures are Catalyst "C," different from Water or a material which
decomposes at dehy-  55  the invention, and Catalyst "D," in accordance
with drogenation conditions to form water such as an al-  the invention.
Figure 3 is a graphical representation cohol, aldehyde, ether or ketone,
for example, may  of the conversions of normal paraffins in weight be added
to the dehydrogenation zone, either con-  percent versus the hours on
stream of tests. Fig- tinuously or intermittently, in an amount to provide,
ure 4 is a plot of the selectivities of the catalysts calculated to the
basis of equivalent water, about 1   60  for the production of normal
olefins represented in 



to about 20,000 weight ppm of the hydrocarbon feed  weight percent versus
the conversion of normal stream. About 1 to about 10,000 weight ppm of
water  paraffins in weight percent. addition gives best results when
dehydrogenating paraffins having from 6 to 30 or more carbon atoms. To be
commercially successful a dehydrogena-   65 6    11
EP0248130B1                      12 EXAMPLE I
about 0.5 wt. % tin, about 0.76 wt. % potassium, about 0.45 wt. % lithium,
and about 0.19 wt. % chlo- 30.2 g of an alumina support containing tin was
im-  rine. Therefore, this catalyst was in accordance pregnated with 4.6 g
of a 2.54 wt. % chloroplatinic  with the invention. acid solution, 16.43 g
of a 0.8 wt. % lithium nitrate   5 solution, both solutions being further
admixed with  EXAMPLE V 1.44 g of a 71 wt. % nitric acid solution in 59.6 g
of water. The catalyst was then steam-dried for 2        In this example
Catalysts "A" and "B" were evalu- hours and 20 minutes and then subjected
to oven     ated as catalysts for the dehydrogenation of normal drying at
about [err] for 2 hours. The catalyst was   10   paraffins. These evaluated
tests were carried out then subjected to a heating step in air for about
2.5  in a pilot plant comprising a reactor and product sep- hours at a
temperature of about [err] 29.6 of the  aration facilities. The charge
stock was passed into thusly prepared composite was then further sub-
the reaction zone wherein it was contacted with 5 cc jected to impregnation
with a solution comprising   of catalyst. The effluent from the reaction
zone was about 6.7 g of a 3.4 wt. % potassium chloride solu-   15
therefore separated and analysed. The charge tion in about 88.6 g of water.
The composite was    stock comprised a mixture of [err] normal paraf- then
steam-dried for 2 hours, oven-dried at [err]   fins. The reaction zone was
maintained at a pres- for about 2 hours and calcined at about [err] for
sure of about 20 psig (138 kPag). The charge stock 2-1/2 hours. Thereafter
the catalyst was reduced.   was passed to the reaction zone at a rate
sufficient The resulting catalyst, designated Catalyst "A,"  20  to produce
a liquid hourly space velocity of about comprised about 0.39 wt. %
platinum, 0.5 wt. % tin,  70 [err]. Hydrogen diluent was fed to the
reaction 0.77 wt. % potassium, 0.44 wt. % lithium, and about  zone at a
rate sufficient to provide a molar hydro- 0.75 wt. % chloride.
gen to hydrocarbon ratio of about 4:1. The feed- stock was heated to a
temperature of about [err] EXAMPLE II                                    25
prior to contact with the catalyst. The results of these tests are set
forth in Figures 1 and 2. Figure 1 In this example a second catalyst was
prepared   is a plot of the normal paraffin conversion in weight comprising
only a single alkali metal component. This  percent versus the number of
hours on stream. The catalyst was made substantially in accordance with
normal paraffin conversion is defined as the weight the procedures employed
in Example 1 above. How-   30   of the components in the fresh feed which
actually ever, the potassium impregnation step and subse-    underwent some
reaction divided by the total weigh quent steam-drying, oven-drying and
calcination     of the feed. In Figure 1 it could be seen that after 20
steps were omitted. Accordingly, the alkali metal   hours Catalyst "A" of
the invention exhibited higher component of this catalyst comprised only
lithium.  conversions that Catalyst "B." Figure 2 is a plot of The catalyst
of this example was designed Catalyst  35  total normal olefin selectivity
in weight percent ver- "B" and comprised about 0.38 wt. % platinum, 0.5 wt.
sus the normal paraffin conversion in weight per- % tin, 0.6 wt. % lithium,
and 0.1 wt. % chloride. It  cent. The total normal olefin selectivity in
weight should be noted that although Catalyst "B" contains  percent is
defined as the weight of charge stock a different weight percent alkali
metal component   components converted to the desired normal olefin than
Catalyst "A" they both contain approximately  40   product divided by the
total number of charge stock the same number of moles of alkali metal
component  components undergoing some reaction. A review of total. Catalyst
"A" and "B" contain about 8.4 X 10-2  Figure 2 discloses than Catalyst "A"
of the inven- moles and 8.5 X 10-2 moles, respectively, of alkali  ton
showed higher or comparable selectivity for the metal per 100 g of
catalyst.                        production of desirable normal olefins
than did Cat- 45   alyst "B." In summary then, it can be seen that Cata-
EXAMPLE III                                       lyst "A" exhibited higher
conversions than Catalyst "B" over the last 60 of the 80 hours of
evaluation A third catalyst was prepared substantially in ac-  with higher
selectivity for the production of the de- cordance with the procedure set
forth above in Ex-  sirable normal olefins. ample I. Accordingly, this
catalyst was not made in  50 accordance with the invention and comprised
only a  EXAMPLE VI single alkali metal component. The catalyst of this
example was designated Catalyst "C" and com-          In the previous
example it should be noted that prised about 0.37 wt. % platinum, about 0.5
wt. %   Catalyst "A comprised about 0.75 wt. % chloride tin, about 0.6 wt.
% lithium and about 0.1 wt. % chlo-  55   while Catalyst "B" only contained
.1 wt. % chloride. ride.                                              In
order to substantiate that the improved perform- ance of the catalyst of
the present invention did not EXAMPLE IV
result from the higher halogen content of Catalyst 



"A" two further catalysts, Catalysts "C" and "D", In this example a fourth
catalyst was prepared   6o   were tested. As will be noted in Examples III
and IV, substantially in accordance with the procedure set  Catalysts "C"
and "D" contained about .1 and about forth in Example I. However, in this
instance a solu-  .19 wt. % chloride, respectively. Accordingly, these tion
of potassium nitrate was substituted for the po-  catalysts contain
substantially the same content of tassium chloride. This fourth catalyst,
designated  halogen. Catalyst "D," comprised about 0.38 wt. % platinum,
65  The test procedure employed in the present in- 7    13
EP 0 248130 B1                   1 4 vention was essentially that set forth
in Example V  6. A hydrocarbon conversion process charac- above. However,
in this case the feedstock to the  terised in that a hydrocarbon charge
stock is con- process comprised [err] normal paraffins. Addi-  tacted at
hydrocarbon conversion conditions with a tionally the reaction zone
contained a catalyst load-  catalytic composite as claimed in any of the
preced- ing of 10 cc. Moreover, the catalyst was subjected   5   ing
claims. to a presulfiding step having the following proce-   7. A process
for dehydrogenating a dehydrogen- dure. The catalyst was reduced in the
reaction zone  atable hydrocarbon characterised in that the dehy- in
flowing hydrogen at a temperature of [err] for 5  drogenatable hydrocarbon
is contacted with a cata- hours. Thereafter H2S was added to the flowing
hy-  Iytic composite as claimed in any of claims 1 to 5. drogen in
sufficient amount to provide a mixture of  10    8. A process as claimed in
claim 7, characterised 99%  hydrogen and 1%  H2S. This mixture was
in that the hydrocarbon dehydrogenation conditions passed over the catalyst
for a further period of   include a temperature of 400 to [err], a pressure
five hours at a temperature of [err]. After the 5  of 0.01 to 10
atmospheres and a liquid hourly space hour period the hydrogen/[err]
mixture was cut and   velocity of 0.1 to 100 [err]. feed hydrocarbon and
hydrogen diluent were cut in.  15 The test conditions were then instituted.
Patentansprfiche The results of testing the catalysts are set forth in
Figures 3 and 4. Figure 3 is a graphical represen-  1. Katalytische
Zusammensetzung, enthaltend ei- tation of the conversions of normal
paraffins in   ne Komponente der Platingruppe, eine Komponente weight
percent versus the number of hours on   20   der Gruppe IVA und eine
gabelfOrmig verzweigte stream of the evaluation test. A review of Figure 3
Alkalikomponente auf einem  TrAgermaterial, da- discloses that Catalyst
"D", in accordance with the  durch gekennzeichntet, daB die gabelfOrmig
ver- invention, exhibits higher conversions than does   zweigte
Alkalikomponente aus 0,05 bis 2 Gew.-% Li- Catalyst "C", a catalyst
different than the inven-  thium und 0,05 bis 3 Gew.-% Kalium, bezogen auf
tion, for the last 70 hours of the 80 hour test results  25   das Gewicht
der Zusammensetzung besteht. depicted. Figure 4 is a graphical plot of the
selectiv-  2. Katalytische Zusammensetzung  nach An- ities of the catalysts
for the production of total nor-  spruch 1, dadurch gekennzeichnet, daB sie
0,01 mal olefins in weight percent versus the normal par-  bis 2 Gew.-% der
Platinkomponente und 0,2 bis affin conversion in weight percent. A review
of Fig-  2 Gew.-% der Komponente der Gruppe IVA, bezo- ure 4 discloses that
Catalyst "D," in accordance   30   gen auf das Gewicht der Zusammensetzung
enthAlt. with the invention, results in improved selectivity   3.
Katalytische Zusammensetzung  nach An- for the production of desirable
normal olefins.     spruch 1 oder 2, dadurch gskennzeichnet, daB sie It
can, therefore, be seen that the improved re-  welters eine
Halogenkomponente enthilt. sults of the catalyst of the present invention
which  4. Katalytische Zusammensetzung nach einem were disclosed in Example
V were not due to the hal-  35   der vorhergehenden AnsprOche, dadurch
gekenn- ogen content difference between Catalysts "A" and  zeichnet, daB
sie weiters eine Indiumkomponente OB." As disclosed in Figures 3 and 3,
Catalyst "D,"  enthflt. in accordance with the invention, showed superior
5. Katalytische Zusammensetzung nach einem conversion and selectivity
properties to Catalyst   der vorhergehenden Anspriche, dadurch gekenn- "C"
even though both had comparable halogen con-   40  zeichnet, daB die
Komponente der Platingruppe Pla- tent.
tin, die Komponente der Gruppe IV Zinn und .das TrAgermaterial Tonerde ist.
Claims                                               6.
Kohlenwasserstoff-Umwandlungsverfahren, dadurch gekennzeichnet, daB eine
Charge einer 1. A catalytic composite comprising a platinum   45
Kohlenwasserstoffbeschickung bei Kohlenwasser- group component, a Group IVA
component and a bi-   stoff-Umwandlungsbedingungen  mit einer kata-
furcated alkali component on a carrier material,   lytischen
Zusammensetzung nach einem der vorher- characterised in that the bifurcated
alkali compo-  gehenden Ansprlche in Ber0hrung gebracht wird. nent
comprises 0.05 to 2 wt.% of lithium and 0.05 to  7. Verfahren zur
Dehydrierung eines dehydrier- 3 wt.% potassium, based on weight of the
composite.   50   baren Kohlenwasserstoffes, dadurch gekennzeich- 2. A
catalytic composite as claimed in claim 1,   net, daB der dehydrierbare
Kohlenwasserstoff mit characterised in that it comprises 0.01 to 2 wt.% of
einer katalytischen Zusammensetzung nach einem the platinum component and
0.2 to 2 wt.% of the     der Ansprruche 1 bis 5 in Berohrung gebracht wird.
Group IVA component, based on the weight of the       8. Verfahren nach
Anspruch 7, dadurch gekenn- composite.
55   zeichnet, daB  die  Kohlenwasserstoff-Dehydrie- 3. A catalytic
composite as claimed in claim 1 or 2,  rungsbedingungen eine Temperatur von
400 bis 



characterised in that it further comprises a halogen  900OC, einen Druck
von .0,01 bis 10 AtmosphAren component.
und eine Raumgeschwindigkeit von 0,1 bis 100 um- 4. A catalytic composite
as claimed in any of the  fassen. preceding claims, characterised in that
it further  60 comprises an indium component. 5. A catalytic composite as
claimed in any of the  Revendicatlons preceding claims, characterized in
that the platinum group component is platinum, the Group IVA compo-     1.
Composite catalytique comprenant un compo- nent is tin and the carrier
material is alumina.  65  sant de la famille du platine, un composant
apparte- 8    13                 EP 0 248130 B1                   14
vention was essentially that set forth in Example V   6. A hydrocarbon
conversion process charac- above. However, in this case the feedstock to
the   terised in that a hydrocarbon charge stock is con- process comprised
[err] normal paraffins. Addi-   tacted at hydrocarbon conversion conditions
with a tionally the reaction zone contained a catalyst load-  catalytic
composite as claimed in any of the preced- ing of 10 cc. Moreover, the
catalyst was subjected   5   ing claims. to a presulfiding step having the
following proce-    7. A process for dehydrogenating a dehydrogen- dure.
The catalyst was reduced in  the reaction zone  atable hydrocarbon
characterised in that the dehy- in flowing hydrogen at a temperature of
[err] for 5  drogenatable hydrocarbon is contacted with a cata- hours.
Thereafter H2S was added to the flowing hy-  lytic composite as claimed in
any of claims 1 to 5. drogen in sufficient amount to provide a mixture of
10    8. A process as claimed in claim 7, characterised 99% hydrogen and 1%
[er]. This mixture was        in that the hydrocarbon dehydrogenation
conditions passed over the catalyst for a further period of    include a
temperature of 400 to [err], a pressure five hours at a temperature of
[err]. After the 5   of 0.01 to 10 atmospheres and a liquid hourly space
hour period the hydrogen/[err] mixture was cut and    velocity of 0.1 to
100 [err]. feed hydrocarbon and hydrogen diluent were cut in.  15 The test
conditions were then instituted.           PatentansprOche The results of
testing the catalysts are set forth in Figures 3 and 4. Figure 3 is a
graphical represen-  1. Katalytische Zusammensetzung, enthaltend ei- tation
of the conversions of normal paraffins in    no Komponente der
Platingruppe, eine Komponente weight percent versus the number of hours on
20   der Gruppe IVA und eine gabeffOrmig verzweigte stream of the
evaluation test A review of Figure 3  Alkalikomponente auf einem
Tragermaterial, da- discloses that Catalyst "D", in accordance with the
durch gekennzeichntet, daB die gabelfbrmig ver- invention, exhibits higher
conversions than does    zweigte Alkalikomponente aus 0,05 bis 2 Gew.-% Li-
Catalyst "C", a catalyst different than the inven-  thium und 0,05 bis 3
Gew.-% Kalium, bezogen auf tion, for the last 70 hours of the 80 hour test
results  25   das Gewicht der Zusammensetzung besteht. depicted. Figure 4
is a graphical plot of the selectiv-  2. Katalytische Zusammensetzung  nach
An- ities of the catalysts for the production of total nor-  spruch 1,
dadurch gekennzeichnet, daB sie 0,01 mal olefins in weight percent versus
the normal par-  bis 2 Gew.-% der Platinkomponente und 0,2 bis affin
conversion in weight percent. A review of Fig-  2 Gew.-% der Komponente der
Gruppe IVA, bezo- ure 4 discloses that Catalyst "D," in accordance   30
gen auf das Gewicht der Zusammensetzung enthAIlt. with the invention,
results in improved selectivity   3. Katalytische Zusammensetzung  nach An-
for the production of desirable normal olefins.     spruch 1 oder 2,
dadurch gekennzeichnet, daB sie It can, therefore, be seen that the
improved re-  weiters eine Halogenkomponente enthAlt. suits of the catalyst
of the present invention which  4. Katalytische Zusammensetzung nach einem
were disclosed in Example V were not due to the hal-  35   der
vorhergehenden AnsprOche, dadurch gekenn- ogen content difference between
Catalysts "A" and   zeichnet, daB sie weiters eine lndiumkomponente "B." As
disclosed in Figures 3 and 3, Catalyst "D,'  enthAlt. in accordance with
the invention, showed superior     5. Katalytische Zusammensetzung nach
einem conversion and selectivity properties to Catalyst   der
vorhergehenden AnsprOche, dadurch gekenn- "C" even though both had
comparable halogen con-   40  zeichnet, daB die Komponente der Platingruppe
Pla- tent.                                               tin, die
Komponente der Gruppe IV Zinn und .das TrAgermaterial Tonerde ist. Claims
6.   Kohlenwasserstoff-Umwandlungsverfahren, dadurch gekennzeichnet, daB
eine Charge einer 1. A catalytic composite comprising a platinum   45
Kohlenwasserstoffbeschickung bei Kohlenwasser- group component, a Group IVA
component and a bi-    stoff-Umwandlungsbedingungen  mit einer kata-
furcated alkali component on a carrier material,    lytischen
Zusammensetzung nach einem der vorher- characterised in that the bifurcated
alkali compo-  gehenden AnsprOche in Berfhrung gebracht wird. nent
comprises 0.05 to 2 wt.% of lithium and 0.05 to  7. Verfahren zur
Dehydrierung eines dehydrier- 3 wt.% potassium, based on weight of the
composite.   5o   baren Kohlenwasserstoffes, dadurch gekennzeich- 2. A
catalytic composite as claimed in claim 1,   net, daB der dehydrierbare
Kohlenwasserstoff mit characterised in that it comprises 0.01 to 2 wt% of
einer katalytischen Zusammensetzung nach einem the platinum component and
0.2 to 2 wt.% of the     der Anspruche 1 bis 5 in Berfhrung gebracht wird.
Group IVA component, based on the weight of the       8. Verfahren nach
Anspruch 7, dadurch gekenn- 



composite.                                     55   zeichnet, daB  die
Kohlenwasserstoff-Dehydrie- 3. A catalytic composite as claimed in claim 1
or 2,  rungsbedingungen eine Temperatur von 400 bis characterised in that
it further comprises a halogen  900CC, einen Druck von 0,01 bis 10
AtmosphAren component.                                          und eine
Raumgeschwindigkeit von 0,1 bis 100 um- 4. A catalytic composite as claimed
in any of the  fassen. preceding claims, characterised in that it further
60 comprises an indium component. 5. A catalytic composite as claimed in
any of the  Revendications preceding claims, characterized in that the
platinum group component is platinum, the Group IVA compo-     1. Composite
catalytique comprenant un compo- nent is tin and the carrier material is
alumina.  65  sant de la famille du platine, un composant apparte- 8    15
EP 0 248130 B1 'Aant au groupe IVA et un composant di-alcalin, sur un
mat6riau de support, caract:ris4 en ce que le composant di-alcalin comprend
de 0,05 a 2V% en poids de lithium et de 0,05 a 3% en poids de potas- sium,
par rapport au poids du composite.      5 2. Composite catalytique selon la
revendication 1, caracterise en ce qu'll comprend-de 0,01 a 2% en poids du
composant de la famille du platine et de 0.2 a 2% en poids du composant du
groupe IVA, par rapport au poids du composite.               10 3.
Composite catalytique selon la revendication I ou 2, caracteris en ce qu'il
comprend en outre un composant halogene. 4. Composite catalytique selon
l'une quelconque des revendications pr6cedentes, caract6ris6 en ce   15
qu'il oomprend en outre un composant indium. 5. Composite catalytique selon
l'une quelconque des revendicalions precedentes, caracteris6 en ce quo le
composant de la famille du platine est le plati- ne, le composant du groupe
IVA est l'etain et le ma-  20 t6riau de support est I'alumine. 6. Proced6
de conversion d'hydrocarbures, ca- ractris6e en ce que lon met une charge
d'hydrocar- bures en contact, dans des conditions de conver- sion
d'hydrocarbures, avec un composite catalyti-  25 quo selon lune quelconque
des revendications pr6c6dentes. 7. Proc6d6 pour la d6shydrog6nation d'un
hydro- carbure d~shydrog6nable, caract6ris6 en ce que l'hydrocarbure
deshydrogenable est mis en contact  30 avec un composite catalytique selon
l'une quelcon- que des revendications 1 a 5. 8. Proced6 selon la
rovendication 7, caract6rise en ce que les conditions de d6shydrog6nation
d'hy- drocarbures comprennent une tomperature de 400   35 a 9009C, une
pression de 0,01 a 10 atmospheres et un volume par volume par heuro de 0,1
100 h-. 40 45 50. 55 60 65    


