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Background O The Invention ' This invention relates to a process
and catal yst for the dehydrogenation 5 of, hydrocarbons. Mre
particularly, this invention relates to a catalyst “and - process for the
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is often |imted byThedmaesteommonly usedemgoaateamamre mqtha@hﬂmaﬂoalandr BE
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fluid catal yt i hgrt'r Reid MaponiRre§siire) (RVP), | highli nitrdgen oxide emissions, lower fuel
efficiency, .and cost have dampened industry enthusiasm for these
. components. As a result of the above, MTBE has become particularly
attractive.
.25 Homologues of MTBE such as ethyl temary butyl ether (ETBE) and
methyl tertiary amyl ether (TAME) are also gaining industry acceptance.
Moreover, commercial activity with respect to ETBE and TAME is expected to
increase relative to MTBE, in view of recent Environmental Protection Agency
decisions to reduce the RVP requxrements for gasolmes wall below 9 psia, the
30 blending RVP of MTBE. :
Ether production capacity, -however, is often ltmuted by iso-olefin
feedstock availability. Commercial MTBE and ETBE processes both utilize
isobutylene as a feedstock while TAME processes utilize isoamylene as a
feedstock. ISobuterne and isoamylene are generally supplied to a
35 commercial ether process from a fiuid catalytic cracking unit (FCC), a fluidized
or delayed coker, or from downstream . paraffin i_somer_ization and
~dehydrogenation facilities. As a rasult, the availability of hydrocarbons having
4 or 5 carbon atoms is limited by constraints such as, but not limited to, crude -



or del ayed coker, or from downstream paraffin isonerization and
dehydrogenation facilities. As a result, the availability of ?ﬂ’gé‘gﬂ% bons
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dehydr ogenat i afjconstructionreest and faciltyruttdization. 25 U. S. Patent No.
4,438,288 to | mi proddssed iof ldehgarcgeiriting’ garamiis imthe preseanceceshydrogeg a
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a porous 2uppsupporthave Heenwdisclasediiruthenart. The properties and
characteristics of gopaxamiphe, 13! SIPARIM Nds. 2F96. 521 24 37RU4E? Endl 4,358/008t0
Antos disclose a catalyst comprising a platinum gr'oup component, nickel, and
a zinc on a porous carrier material such as alumina for dehydrogenating
paraffinic hydrocarbon. '

25 U. S. Patent No. 4,438,288 to Imai et al. discloses a dehydrogenation
process using a catalyst comprising a platinum group component, an alkali or
alkaline earth component, and optionaily a Group IV component such as tin,
on a porous support material such as alumina. The properties and
characteristics of the catalyst generally necessitate periodic catalyst

30 regeneration in the presence of a halogen.

Processes for dehydrogenating paraffins in the presence of hydrogen’
and & catalyst comprising a platinum group metal on a silicalite molecular
sieve support have also been disclosed in the art.

For example, U. S. Patent Nos. 4,665,267 and 4,795,732 to Barri and U.

35 S. Patent Nos. 5,208,201, and 5,126,502 to Barri et al. disclose processes for
dehydrogenation of Cz to C1g paraffins using a catalyst comprising zinc and a
platinum group metal on a support having the silicalite structure wherein the
framework of the structure consists essentially of silicon and oxygen atoms or



30 regeneration in the presence of a-hal ogen. Processes for
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still general | §ehysizagenation reaction stouchlometncally away from dehydrogenatlon and
~ towards olefin saturation.
Notwithstanding the presence of supplemental hydrogen addition and
- 25  recirculation equ:pme_nt the process operatqr has still generally needed to
' resort to catalyst regeneration. Catalyst regeneration is generally performed in
~ large, high temperature 'cataly_'st regenerators present in fluidized bed/riser
~ schemes or through periodic and frequent batch regeneration such as
~ performed with semi-regenerative fixed bed schemes. Catalyst regeneration
30 facilities are extremely costly. For fixed bed reaction schemes, an additional
swing reactor must be erected and the process operated with at least one
reactor off-stream and in regeneratlon mode all of the time. :
it has now been found that a dehydrogenation catalyst comprising a
P platmum group metal and zinc on a support comprising L zeolite and an alkali
.35 " metal provides superior dehydrogenatuon performance in terms of paraffin
- conversion, olefin selectivity, and olefin yield to that of the prior art
" dehydrogenation catalysts and maintains such leve! of superior performance,



resort to catal yst regeneration. Catalyst regeneration is generally _
per f or med 'B. -/01238' arge, high tenperature catal yst regenerators present in
fluidized bed/ri'ser schenmes or through periodic and frég‘h' 08289 ch
regeneration such as ~perfornmed with s4em' -regenerative fixed bed .
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It is therefore an object of the present invention to provide a -
dehydrogenation process and ca_talyst that effectively dehydrogenate
paraffinic hydrocarbon. _ '

20 _ it is another ob;ect of the present rnventron to provrde a
dehydrogenatlon catalyst that resists deactivation and prolongs catalyst cycle
life under dehydrogenation condrtrons

It is yet another ob;ect of the present mventron to provide a

. dehydrogenatron process and catalyst that can be effectively operated in the

25 absence of suppternental hydrogen addrtron

. It is still another object of the present invention to provide a
_dehydrogenation process that, in view of its srmphcrty, can be adapted to
utilize equrpment from any of several exrstlng petroteum retlnery or chemrcal
plant operating facilities. :

30 Other objects appear herem

Summary Ot The Invention
- The above objects can be achreved by providing a process for
dehydrogenatmg a hydrocarbon teedstock and producing an olefinic product
35 comprising contacting the feedstock at dehydrogenatlon condrtlons with a
dehydrogenation catalyst comprising from about 0.01 weight percent to about .
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i hvention to provide a dehydrogenatlon catal yst' that resists
~deactivation and prolongs catalyst cycle & |life under dehydrogenation
condi tions. It is yet another object of the present invention to
provi de a dehydr ogenati on process and catalyst that can be effectively
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conversion closely apgg ¢phydfshenation catalyst and process of the present invemi.on

provide the above-described levels of performance while resisting
‘deactivation under dehydrogenation conditions, thereby extending catalyst
- 20 cycle life.” The dehydrogenation catalyst of the present invention can and has
- . achieved olefin yield deactivation loss levels as low as 0.4 percent conversion
per day or less at a reaction temperature of 1000°F. The dehydrogenation
catalyst and process of the present invention can be utilized for on stream
periods in excess of 140 hours at a reaction temperature of 1000°F before
25 requiring catalyst regeneration or replacement.
The dehydrogenation catalyst and process of the present invention are
so effective with regard to catalyst stability and deactivation resistance that the
" ‘catalyst can be operated in the absence of suppiemental hydrogen addition.
- Operating in the absence of supplemental hydrogen addition not only avoids
30 the enormous capital and operating costs connected to the installation and
. operation of hydrogen recovery facilities but also favorably drives the
Idehydrogenatnon reaction sto:chnometncally towards |_ncreased
dehydrogenation and olefin yield and away from olefin saturation.
‘The dehydrogenation catalyst and process of the present invention can
35 be retrofitted to utilize existing processes and facilities such as, but not limited
: to those formerly dedicated to naphtha reforming. A catalytic reformer can _
possess reaction systems and manifolding, furnace hardware, hydrocarbon



‘thernodynami ¢ equilibrium The paraffin conversion and olefin selectivity
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isoparaffins as well as normal paraffins therefore providing the flexibility to
incorporate the process upstream downstream or concurrent with an
isomerization step. -

25 In a second embodlment th_e- prbcess_ ‘can be prdvided for
dehydrogenating hydrocarbon for improving gasoline research and/or motor
octane. Generally, olefinic hydrocarbon boiling in the gasoline or naphtha
bailing point temperature range has a higher research and motor octane than
its paraffinic counterparts. At least a portion of such feedstocks will generally

30 comprise paraffinic hydrocarbon having from 4 to 12 carbon atoms and the
paraffinic hydrocarbon can be normal, isomeric, or a combination thereof. '

- In a third embodiment, thé; process can be provided to dehydrogenate
hydrocarbon for feed to a petroleum refinery alkylation process. Feedstocks
. suitable for dehydrogenation in accordance with the present invention and for

35 providing alkylation unit feedstock preferably comprise paraffinic hydrocarbon
having from 3 to 6 carbon atoms and more preferably from 3 to 5 carbon
atoms. The paraffinic fractlon of the feedstock can be normal, isomeric, ora
combination thereof : '

’
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comprising an L zeolite molecular sieve and an alkali metal. The L zeoiite
molecular sieve-containing suppon can also comprise an morgamc oxide
binder. o :

The composmon of L zeolite may be stoichiometrically expressed in
.25 terms of moles of oxides as follows:

(0.9-1.1)M2inO:Al205:(5.2-6.9) SiOz:yH20

where M designates at least one exchangeable cation, as hereinbelow
30 defined, n represents the valence of M, and y may be any value of from 0 to
about 9.

' Minor variations in the mole’ ratios of the oxides within the ranges
indicated by the above formula do not significantly change the crystal structure
or physical properties of the zeoclite. Likewise, the value of y is not necessarily

'35 an invariant for all samples of L zeolite. This is true because the various
~  exchangeable cations are of different size, and as no appreciable modification
of the crystal iattice dimensions of the zeolite is effected by the exchange of -
these particular cations, more or less interstitial space shouid be available for
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- 20 shown below, thereby yieiding an isomorphic form of L zeolite.
in one method of making_- L zeolite, the potassium form of L zeolite is
prepared by suitably heating an aqueous metal aluminosilicate mixture whose

composition, expressed in terms ot the mole ratios of oxides, falls within the

- ranges of:
25 . . _
K20/{K20+Naz0) From about 0.33 to about 1
(K20+Na20)/Si02 = =~ From about 0.35 to about 0.5
SiOa/AIO3 - From about 10 to about 28
H20/(K20+Naz0) : From about 15 to about 41

- 30

The desired product is thereby crystallized out relatively free from zeolites of
- dissimilar crystal structure. : :
The potassium form of L zeohte may also be prepared using another
.35 - method, along with other zeolitic compounds, by employing a reaction mixture
whose compoasition, expressed in terms of mole ratios of oxides, falls within the
fouowmg ranges of: - '
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cations contenplated by the present invention 5 include nono-, di-, and
trivalent netal ions, particularly those of 8Goups |, II, and |11 of

the Periodic Table (I UPAC) such as barium calcium cerium lithium
magnesi um potassi um sodium strontium zinc ions, and the |ike, and other
cations such as—iwreregen—and—anmoniumiaons  which with L zeolite, behave

li ke the netal ions KOiK:QwNazDpve in that » RSar for ot ner
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I nvention s§nce theyay ageyeral ly nor Sl | peluded wthin the
25 K20 Na . ﬁﬁ?‘ﬁ&béﬂ* fig‘? 5_8%“3% nunber of
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cavities of the zeolite crystal.
cations that mey—be—presest—-A—t—zo0lit-o—l it is preferred to synthesize
the potassiumformof the zeolite, i.e. the formin whi ch t he
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From about!$10 to about 28 o [err] - From about 15 to.about
omzeolites o - PEHRA SRR AL S ™ e
poLEssIum form of L zeol | (e ey al 5o be preparcd using enother 35 rot hod
in532 Comos e et T A5 S AR A8 i o
within the | FOWy=r anges  of :
20 L zeolite has been characterized in "Zsolite Molecular Sieves" by
| Donald W. Breck, John Wiley & Sons, 1974, as having a framework
- comprising 18 tetrahedra unit cancrinite-type cages linked by double 6-rings in
columns crosslinked by single oxygen bridges to form planar 12-membered
o r_ings. These 12-membered rings produce wide channels parallel to the c-axis
| 25_ with no stacking faults. Unlike erionite and cancrinite, the cancrinite cages are
_symmetrically placed across the double 6-ring units.  There are four types of
cation locatiqns: A in the double 6-rings; B in the cancrinite-type cages; C
~ between the _canc_rinitg_-type cages; and D on the channel wall. The cations in
- . Site D appear to be the only exchangeable cations at room temperature.
_ 30 h During dehydration, cations in sité_ D probably withdraw from the channel walls
- loafifth site, site E, which is located between the A sites. The hydrocarbon
~ sorption pores are approximately 7 to 8 Angstroms in diameter. |
A more complete description of L zeolite is given in U.S. Pateni No.
- ;3,216,789 which is hereby incorporated by reference. ' |
35 L 2eolite is a Iarge pore zeolite (i.e., having a pore size of at least 6
~ Angstroms). Other large pore zeolites inciude A, X, Y, omega, and mordenite.
L zeolite ditfers from these other large pore zeolites in a variety of ways,
besides X-ray diffraction pattern. | | o
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nmor deni t the catalyst of he present invention comprising L zeohte does react dlfferently
than catalysts made of other zeohtes - -
- Various factors have an. effect on the X-ray diffraction pattern ot a
-generic z:e._ohte ,_Such fac_tor_s :nclude temperature, pressure, crystal size,
impurities, and the.type of cations present. For instance, as the crystal size of
25 the L zeolite becomes smaller, the X-ray diffraction pattern becomes broader
and less precise. Thus, the. term "L zeolite” mcludes any zeolites made up of
cancrinite cages havmg an X-ray dlﬂractlon pattern substantxally similar to the
X-ray diffraction patterns shown in U. S. Patent No. 3,216,789.
Crystal size aiso -has an effect on 1he stabuhty of the catalyst. For
30 reasons not yet fully understood, catalysts havmg at least 80% of the L zeolite
-crystals of a size larger than 1000 Angstroms generally result in fonger run’
lengihs than catalysts having substantlally ail of the L zeolite crystals at a size
of between 200 and 500 Angstroms. Thus. larger L zeolite crystallite sizes are
generally preferred. .. -
35 In making L zeolrte, representatnve reactants are activated alumina,
- gamma alumina, alumina trihydrate, and sodium alumina as a source of
alumina. Silica may be obtained from sodium or potasslum silicate, silica gels,
silicic acid, aqueous colloidal sols. and reaotwe amorphous solid silicas. The .
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ne of the nost pronounced ‘differences is iy the “¢hannel systen1of L
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the present i HSReHE, HENE g’i(gi%b%ﬁﬁ%%%{a%ﬂ{ & vatsr,S8ga0 J sy
catal yst of - trﬁhqai%swmrafafablu acwaterisilicate mixiuee degverd at leashin part from
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size of 25 thgj lltstSQ‘{dngﬁ‘q mes smaller, the X-ray diffraction pattern
becones broader- ess’preci se.. Thus the term"L zeolite" includes

any zeolites nmade Ugecgeolite m%Yabﬁ:ﬁ??ﬁfFGtOBh@é@PﬁEﬂﬂ altempexatusgs af fremagkouwn
pattern Subst B0°Caid about"206°C kAdtdtcatmosph¥ricPredsiirer ocas Mgt of highitr tﬁBﬁV\ﬂ

on the st 2B; T 8 redai cdiflmaneing.tg the vaddr/sdkud Fulet @%wﬁnaﬁw #fifoq,
cat al ysts havithg mixtumeaof reactants @bdhe higber temperature. Any suitable heating
apparatus, e.g9., an oven, sand bath, oil bath or jacketed autociave, may be
used. Heating is generally continued until the desired crystalline zeolite
. product is formed. The zeolite crystals are filtered off and washed to separate
. 25 _them from the reactant mother liquor. The zeolite crystals should be washed,
~ preferably with distilled water, until the effluent wash water, in equilibrium with
.. the product, has a pH of between about 9 and 12. As the zeolite crystals are
. washed, the exchangeable cation of the zeolite may be partially removed and
: . is believed to be replaced by hydrogen cations. If the washing is discontinued
_30 when the pH of the effluent wash water is between about 10 and 11, the
- {K20+Na20)/Al203 molar ratio of'_the_ crystaliine product will be approximately -
1.0. Thereatter, the zeolite crystals may be dried, typically in a vented oven..
. Whether ion exchanged with the L zealite molecular sieve component
- prior to incorporation of any other component or post incorporated onto the
35 dehydrogenation catalyst after addition of any one or more of the zinc
~component, platinum group metal component, or the binder or matrix-
~ component, the dehydrogenation catalyst support component comprises a
particularly targeted alkali metal concentration. The preferred alkali metals are -
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about 200C and at Wharepther alkalirmetal consentiation @ the suppect cemarising an tat
pressure Correésma%aﬁch&rtéim/w ?éﬁmswsaah u?éganananeéuqa sbﬁ%gg?\aﬁh

the m xture of r actants at J a swta{g |ng
apparatus, e.gka @/é‘ﬂ“c%@fé'%ﬁﬂov%F Egﬁwufﬁrf 1559&':%9
used. Hea20 ng dascrgmdeahb\lrg/, theralkmumtalnslgemmﬂydmomu by yeplatément utatﬂeu te

product is f%g@ﬁ ,?gm %Hanfamaﬁé B%J% grse@@ﬁeéﬁ.oafahn@%g@g?g m

separate 25 om e reac er 11 e zeolite C
shoul d be was by calcination.

Where the alkali metal concentration of the support comprising an L

zeolite molecular sieve is below the particularly targeted alkali metal

25 concentration, the alkali metal is generally back-added to the support by
‘impregnation employing the heat-decomposable saits of the alkali metal or by
other methods known to those skilled in the art such as ion-exchange, with
impregnation being preferred.’ Suitable aqueous impregnation solutions can
include, but are not limited to sodium nitrate, sodium acetate, potassium

30 nitrate, potassaum acetate, and potassuum carbonate. _
Impregnation, such as wnth potassium, usmg potassuum nitrate,

potassium acetate, or potassium carbonate can begin by precalcining the L
‘zeolite molecular sieve component in preparation for using incipient wetness
techniques. Under conventional incipient wetness techniques, a

35 determination is generally made as to the amount of water required to saturate
and fill the pores of the support component. A solution is then prepared
utilizing the predetermmed ‘amount of water and a sufficient amount of the
potassium sait to provide a dehydrogenatlon catalyst having the desired
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dehydrogenat [ onﬂlﬁerforrranc Jation above

ranges set for PHAUILSY Group, metals, Pfefﬁﬁﬁﬂwpﬂhgr Pﬁﬁaé'”m Radmere, preferably
conver si on t hatplatinumvfet best resoitshi Tige iplatinumig rbepleﬁews can decpresehd in the
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preferably from about 0.1 weight percent to about 2.0 weight percent, and most -
preterably from about 0.1 weight percent to about 1.5 weight percent based on
25 the total weight of the catalyst and calcuiated as oxide, for best resuits.
L Catalyst dehydrogenation metals concentrations outside of the above-
- described zinc and cumuiative. platinum group metals ranges are generaily
less economic. Higher metals concentrations can require more total
dehydrogenation metal component due to reduced dispersion and
- 30 hydrocarbon/catalyst contact. Lower metals concentrations can result in
- increased support material requ:rements. catalyst handling, transportation, -
- and capital costs. ' .
' The zinc and platinum group dehydrogenation metal components can
- be. deposed or incorporated upon the support component by impregnation
. 35 employing heat-decomposable salts of the zinc and platinum group metals or
~ through other methods known to those skilled in the art such as ion-exchange,
- with impregnation methods being preferred. The zinc and platinum group
metals can be impregnated onto the suppornt separately, or can be co--
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wei ght of the
J Calcmatlon generally. is performed at a temperature of from about 600°F to

- about 1,202°F (315°C to about 650°C), or more preferably from about 700°F to
about 1,067°F (371°C to about 575°C) for best resuilts.

25 it has been found that combining zinc and platinum group metal
components in accordance with the present invention provides substantially
improved dehydrogenation stability resulting in longer catalyst cycies between
regenerations and extended overall catalyst life before replacement. The zinc

“and platinum group metals can be added to the catalyst of the present

30 invention in zinc to platinum group weight ratios extending from 10:1 to 1:10,

preferably from 7:1 to 1:7, and most preferably from 7:1 to 1:1 for best resuits.

it has also been found that during dehydrogenation operation in
accordance with the present invention, post-analysis of the catalyst after
significant hours on. stre_afn can show significant reductions in zinc

35 concentration on the catalyst to levels as low as 50 percent, 25 percent, and

' even 15 percent of the level of the originally impregnated catalyst. This is
believed to be true due to volatilization of the impregnated zinc component
during dehydrogenation operations where operating temperatures can often -
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about 5.0 weight percent to about 98.0 weight percent, preferably from about

~ 20.0 weight percent to about B0.0_Weight percent, and more preferably from

about 40.0 'w'eigh'_t percent to about 60.0 weight percent for best resuits. L

~ 25 zeolite molecular sieve component'concentrations as a percentage of the
dehydrogenation catalyst, in a range of from about 40.0 weight percent to

about 60.0 weight percent, are particularly preferred because it has been

found that these levels can 'p'r'o'mote an,' optimum balance of paraffin

conversion and olefin selectivity for producing maximum voiume yieids of the

30 desired olefins. Higher percentages of the L zeolite molecular sieve

' - component can result in a sotter and less attrition resistant dehydrogenation
catalyst which can reduce catalyst life and increase catalyst costs. Lower
~ percentages of the L zeollte molecular sieve component can result in larger
- catalytic reactor size requirements. _

35 Methods for dlspersmg the base catalyst compnsmg the L zeolite
molecular sieve and dehydrogenatlon metal components in accordance with
the present invention within a refractory inorganic oxide matrix component are
generally well-known to persons skilled in the art. A preferred method is to -
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25 any one or more. of the reactors in the reactlon zone, or between reactors in a
- muttiple reactor reactton zone. The process may also be operated in the
'substantral absence of supplemental hydrogen addrtron A fundamental and

- invaluable aspect of the present invention is that the subgect dehydrogenation
catalyst can be. ettectlvely utilized wrthout the addttlon of supplemental

30 hydrogen in. addition to that rnherently released through the dehydrogenatlon
reaction. The addttton of supplemental hydrogen in the process can reduce

the rate of catalyst deectlvatton resulting |n reduced catalyst regeneration
requrrements However hydrogen addition may also adversely affect olefin

yreld by dlrectlng the reaction stolchtometrrcally away from dehydrogenation

35 and toward olefin saturation. _

' Where a supplemental hydrogen stream ts added the hydrogen stream

. can be pure hydrogen or can be in admrxture wrth dlluents such as low-boiling
hydrocarbons, carbon monoxrde. carbon dloxlde. mtrogen water, sulfur.
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conponent can i la varti : 88466 ' rﬁM hE TENiRg 35
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e hod 1 < 20 cBiYsy g fRBSY B3k reEReralioh "y stér of B 6hGTaAG
PCT/ US95/ 0828dhe catalyst through combustion of coke__ components. 16 ..
Fluidized bed reactors, which are commonly used in fluidized catalytic
- cracking and fluidized coking processes, fluidize the catalyst directly within the
hydrocarbon feedstock, separate the catalyst from the reaction products, and
25  direct the spent catalyst back to a regeneration zone for regeneration. The
-~ heat of reaction from the burning of coke from the catalyst generally supplies
the heat requirements for sustaining thg particular process reactions.
. The preferred reaction zone facilities for use with the dehydrogenation
- . process of the present invention are fixed bed reactors. It is preierrad that the
- 30 . dehydrogenation reaction zone comprise-at least two fixed bed reactors so as
- to facilitate on stream regeneration of the catalyst. The fixed bed reactors are
generally equipped with proper manifoiding to permit removal of each reactor
from operation in a manner so as to provide for regeneration of the catalyst in
.- . that reactor while the other reactor or reactors sustain process operations.
35 Fixed bed reactors in accordance with the present invention can also comprise
. a plurglity of catalyst beds.- The plurality of catalyst beds in a single fixed bed
reactor can also comprise the same or different catalysts. _ -
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hydrocar s, car bShenstippeadiquidirefiuent preduct is themgeneraliy conveyedrto
- downstream processing facilities. The olefin product can be directed to an
isomerization process for isomerization and thereafter directed to an ether
facility for conversion, in the presence of alkanol, to an ether. Where at least a
partion of the. olefin from the process of the present invention is iso-olefin, the
30 stream can be sent directly to an ether facility. Prior to direction to an ether
facility, the product stream can be purified by removing unconverted paraffinic'
hydrocarbon from the product. This unconverted product can be recycled back
to the reaction zone or further manipulated in other process units. The olefin
_  product can be directed to an alkylation process for reaction with isoparaffin to
- 35 form higher octane, lower volatility gasoline blending components. The olefin
product can be directed to a chemical manufacture process for conversion to
other commodity chemical products or process streams. Methods for
integration of the process of the present invention with other conventional -
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U. S. Patent No. 3,755,961 relates to the regeneration of coke-
containing crystalline zeolite molecuiar sieves which have been employed in
an absorptive hydrocarbon separation process. The process invoives the

- 230 continuous circulation of an inert gas containing a quantity of oxygen in a

~ closed loop arrangement through the bed of moiecular sieve. _ :

- U. S. Patent No. 4,480,144 relates to the use of a circulating gas to

regenerate a coke deactivated zeolite-containing catalyst. The circulating gas

.. is maintained at a low moisture level by purging wet gases from the loop while

35 simultaneously introducing dry gases into the loop. This method is particularly

- - useful with zeolitic catalysts since zeolitic catalysts can be detrimentally
effected by the presence of water.
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i nto t he 1§ océgeneration progedure bas%mﬁa%%%w%égwwwﬂr%ﬂhpﬁqer to

hydrogen is agdeferate the catalySheas iquickieras ippgsiblef whilenavoidi catalyst-hen

general ly conyeyed to . d am processing facilities. The olefin
product can béa'ﬁ?g'ggtgﬂc?%sﬁﬁm%ﬁgi soneri zati.on process.for isonerization

and thereafter di rEha ietecreancatalyst regenemation canditions inslude & @mperaturae

01 of i n1r.om { RO froCakin SO0 to YHELE1 FSOTTAEIRO o aboud B2 Ch g resiie
in. Nt jon is_iso-olefin,

ot ream 0 beranging fproabeyt § pskhianeyt 13E Peiar ancE rdererBlibd oasitEse an

et her -~ f asoriteht of tioen Ebowbt @.1 Sholapercent He aboutf1Gdndle percent fog best

unconverted p E&%%l ni c -~ hydrocarbon fromthe product. .This unconverted

product can b cled back ~~ to the reaction zone or further
mani pul at ed i n ot hAdditionaliy St isimportant thatleggneration,bg Arcomplished iaithact ed

to an al kyl athiaBeféd ofTh bR¥gdriesntaiting'gaB. | The @xgGbn-tohtaining regeneration

25 ' gas typically comprises nitrogen and carbon combustion products such as

carbon monoxide and carbon dioxide, to which oxygen in the form of air has

been added. However, it is possible that the oxygen can be introduced into

‘the regeneration gas as pure oxygen, or as a mixture of oxygen diluted with
another gaseous component. Air is the preferred oxygen-containing gas.

30 Operating conditions to be used in the dehydrogenation process of the

present invention include an average catalytic reaction zone temperature pf-

- from about 500°F to about 1300°F (260°C to about 704°C), preferably from

about 700°F to about 1200°F (371°C to about 649°C), and more preferably

from about 850°F to about 1100°F (454°C to about 593°C) for best results.

35 Reaction temperatures below these ranges can result in reduced paraffin

" conversion and lower olefin yield. Reaction temperatures above these ranges

can result in reduced olefin selectivity and lower olefin yields.

-
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whi ch have beewhiohpbvereiielm any gain am oldfinoselectivity|ithisreby résuttirg ralower@lefin
process.  The pyiesFebl\spaks Veldiities short of the levels described herein are generally
- -+ costly in terms of capital requirements. L
The dehydrogenation catalyst and process of the present invention
25 provides superior overall dehydrogenation properties closely approaching
- thermodynamic equilibrium. The dehydrogenation catalyst of the present
invention can reach paraffin conversion levels in excess of 25 percent,
typically in excess of 35 percent, and commonly in excess of 40 percent.
Olefin selectivity levels are generally. maintained in excess of 80 percent,
30 typically in excess of 85 percent, and commonly exceed 90 percent. These
- lgvels of paraffin conversion and: olefin selectivity result in olefin yield levels-
which generaily exceed 25 percent, typically exceed 30 percent, and
commonly exceed 35 percent. - - - - .
_ The dehydrogenation catalyst and process of the present invention
35 - provides the above-described levels of performance while resisting catalyst
. deactivation, thereby extending catalyst cycle life under dehydrogenation
- conditions. The dehydrogenation catalyst of the present invention can and _
has achieved olefin yield deactivation loss levels of 0.4 percent conversion per .



30 continuous circulation of an inert gas containing a quantity of oxygen
in a | oop arrangenent through the bed of nole | eve.

u S Paten‘?b‘iz@%% 480, 144 rel ates to the use of a circul ag’?lﬁé'{sﬁég”?%
regenerate a coke deactivated zeolite- cont%%nlng catalyst The circul ating
gas IS maintained at a | ow ni st ur e 4%vel by purging wet gases from
the loop while 35 S|nultaneously I ntroducing dry gases i-nto the loop. This
met hod is partlcul useful with zeolitic cat S since zeolitic
catal ysts can98¥ Qfglﬁﬁgrﬂirﬂ seagrion temperatiyre; ofjabout; @‘%ﬂs_ﬁﬁé’%ﬁ’)’ﬁa@%me '
WO 96/ 01238 present invention has: maintained this level of resistance to deactivation over
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I8 i b i e SRS 550 oot o e
regener at2®n #edaoperations lod dhydrogen - recovuyesaclhtesfwamhogpgtemaugonnaiudang
gas. The OXyJfydregBhagds COmpraselts dnd eparation facilities such as high pressure
process towers and membranes. Operating in the absence of supplemental
hydrogen also favorably drives the dehydrogenation reaction
: stoichiometrically towards dehydrogenation and away from hydrogen
25 saturation, in contradistinction to the prior art dehydrogenation processes
which generally must be conducted in the presa'nce'of supplemental hydrogen
. addition in order to maintain a viable catalyst run length.
The dehydrogenation catalyst and process of the present invention can
be retrofitted to utilize existing processes and facilities such as, but not limited
30 to, those previously dedicated to naphtha reforming. The reaction pressure
- requirements are generally low and therefore, suitable reactor vessels may be
located from any of severai sources. A catalytic reformer may aiso possess
furnace hardware, hydrocarbon separation, and catalyst regeneration
equipment particularly synergistic to. use with the process of the present
35 invention. Catalytic reforming is also particularly. suited for retrofit with the
~ present invention in view of recent environmental mandates to produce
gasolines contammg lower aromatic concentrations (a fundamental product of
catalytic reformmg)



25 gas typically conprises nifrdgen and carbon combustion products such as
car bon nongyg ¢Rs4gd carbon di oxi de; to-which oxygen in the of air has
heen added. However, it is possible that the oxygen can be F’ﬁ‘?ﬁg@{ﬂ%ﬂg into
the regeneration gas as pure:oxygen, -or as m xtur.e of oxygen diluted with
anot her gaseous conponent.- Air is the preferred oxygen-containing gas. 30
Qperating conditions to be.used in the dehydrogenati on process of the
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rates bel ow these ranges can re gher ca activatron

rates resul® i ngotagsiunt exghanged, L zaolite, raelecylar sigve, exprassad dp deems of mole

- Excessively ratioBiveds repreéemed asdoliows:s i ncrease energy and equi pnent
costs and provide di m ni shing margi nal benefits. Excessively high

hydrogen circul ati on rates can al so influence reaction equilibrium and
drive the reaction undesir a{f.8-113)K20oMn03:(5:2-6.9) BI040 &)Ha0 conver si on and
| ower ol efin yield. The process of the present invention
general | y operates at a weight hourly space velqgcity (WHSV) of from
about 0. A F 760, b BroskTties, pae methods™f PERaTaNeY are HesRibed 0. U-S.
hrerr] to aboRateh® Mol ;216,789 the disclostre ablwhithomasiibeen incorpérated by
hr[err] to abo%e%?'ggr[err] for best results. Feed space velocities
exceedi ng the Vel s described herein ?enerally result in a decline in
paraffin conversi onThe dehydrogenation catalyst was prepared by incipient wetness

- impregnation of 57.9 grams of a potassium exchanged L zeciite molecular

25 sieve with a solution containing' 4.8 grams of zinc acetate
(Zn(OOCCH3* 2H20)) and 36.0 grams of water. The zinc impregnated L

zeolite molecular sieve was dried and calcined in air at 1000°F for a period of

'3 hours. The caicined particulate was impregnated using incipient wetness

o techniques with a solution containing 0.38 grams of platinum tetraamine
- 30 nitrate (Pt(NH3)4(NO3)2) and 35.0 grams of distilled water. The platinum and
' zinc impregnated L zeolite molecular sieve was dried and 37.9 grams of the-

' dried particulate mixed with 20.0 grams of CAB-O-SIL EH-5 siiica

' (manufactured by Cabot'Corporation) and 110.0 grams of distilled water in a

- small Waring blender for a period of 5 to 10 minutes. The mixture was dried at

35 250°F for 16 hours in a forced air oven, crushed, and sized to 12 to 20 mesh

~ {U. S. Sieve Series). The catalyst was designated as Catalyst 1.



whi ch overwhel many gain in olefin selectivity; thereby resulting in | ower
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The dehydr ogenatlon catal yst and process Qf the present invention 25
provi des superior overall dehydrogenation 6ropert ies closely approaching
thernodynam ¢ equilibrium The dehydrogenation catalyst of the present

i nvention can reach paraffin conversi MW i n excess of 25 percent,
typically in excess of 35 percent, % in excess of 40 percent.
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' comparison with the dehydrogenation catalyst in accordance with the present
. invention. The comparison catalyst comprised about 95.90 percent by weight
25 of an alumina support, 2.00 percent by weight of sodium, 1.80 percent by
- weight of zinc, and about 0.30 percent by weight of platinum.
The dehydrogenation catalyst was prepared by incipient wetness
impregnation of 138.0 grams of Versal 450 Alumina, manufactured by
LaRoche Chemicals, with a solution containing 10.1 grams of zinc acetate
30 (Zn(OOCCH3*2H20)) and 97.0 grams of water. The zinc impregnated
~ alumina was dtied and calicined in air at 1000°F for a period of 3 hours. The
calcined particulate (40.0 grams) was impregnated using incipient wetness
techriiques with a solution containing 0.40 .grams. of platinum tetraamine
nitrate (Pt(NHa)4(NO3)2) and 40.0 grams of distilled water. The piatinum and
35 zinc impregnated alut_nina was dried and 40.0 grams of the dried particulafe
mixed with a solution containing 2.9 grams of sodium carbonate and 40.0
grams of distilled water. The zinc, platinum, and sodium impregnated alumina
was dried and 30.0 grams of the particulate mixed with 15.0 grams of distilled -



catal yst can be operated in the absence of suppl enent al hydrogen addi ti on.
This is an“gﬁk di nary advant age- of the precess of the pr nt J ntion
for severgﬁg?easons Qperating in the absence of supplgﬁg@%%%ﬁ% dr ogen
addi tion can avoid enornous capital and operati-ng costs connected to
the installation 20 and operation of hydﬁ@ben recovery facilities which
general ly include hydrogen gas conpressors and separation facilities
such as high pressure ocess_towers and_nmenbranes. Operating in the

absence of supmm%mmpadedym%%émpfapg'@tﬁameamigpt%mgnaﬁecrushed and
dehydr ogenat i osxzreaaetm)fb 20 mesh PUCBI S Senss)y Theeh tmysiabdéiaeﬁﬁné&bu%

and avvayfromg%g%& saturation, in contradistinction to the prior
art dehydrogen ¥ (#ocesses whi ch general ly nmust be conducted in the
presence of supplenental hydrogen addltlon in order to maintain a
viable catagyst run |ength. m:q_egn drogenat i on cat al yst and

X Sti ng.pr oceshes ArRan %ea?@fcﬁesgﬁ%'wrheata&ﬁ! Siolar to.Gateyad butEntaising
previously dedbaguay ifo plm?tdﬂathef mrtlm 'was Threparaedt tam companisen thrll the
[equirement o AuBnffiteRalitn' QilaRaf ih GcdiakRios With AbColedBR ShveiRaE! THEY

possess ©  f eemaaswarcamjys cqwmwhabew §%ﬁarl%ﬂfp6ﬂt th@'@'@It%ﬂ %L Zeolite
regeneratipg - moleclar Bigve! warzt érdewtlby wlymg:ﬁé isflichbinger, \V. 37' péi€ent by

e e ent o 1y I O pptakeit 585 e S Whioh g BB, Al skl s percant o

recent envi ronby.'melghtmfmlaﬁmm.t o produce gasol i nes contai ni ng | ower

?;?gfm ﬁ )Conce”t rat ngs é%ﬂagﬁm Yatdiyef Was Brepared 67 fHsY 'syfithesizing a
PCT/ U595/g-08289quant|ty of a barium and potassium exchanged L zgolite. This wasrhe
pL es]cenltI i m&nt a mplishest by refluxingf200 geams edfop dtasssium)am:\gw wlidbhta (as
(he ol 101 0o gigilas e BB 8" P it i Wil sk el ko

EXAVPLE 1 grams of dejanized watefe Hyefiuxing wasgonsiuctad, st a itempetalureaofc20%Q t h
the present  for 4 BYABH 'S AGGrSCOTRE | 'b'ingﬁh aha otéfis mgpdwz&@ita%é)f

an L zeolite nol ecul ar .si eve I ca

Binder 7 60 plitered dfed. ana ragkipiRd With 4G, GERTs, of deloniaed water spdvefigad of
zi nc, and 2®ouforot Fbyrer Thet wh;hé@ barkiny hdnd pordssiumuexctrangede hazeulitd was -

conpar Ison W t Brérdkid sl Sat B0 for a period of 16 hours, and calcined at 500°C for a
: -period of 2 hours. The barium and potassium exchanged L zeolite was mixed
with 50 grams of CAB-O-SIL EH-5 silica and 1000 grams of distilled water in a

small homogenizer. The mixture was filtered, extruded into 1/16 inch

25 - extrudates, and dried at 120°C for a period of 16 hours. The extruded barium

. and potassium exchanged L zeolite was then impregnated by incipient
wetness techniques with 6.88 grams of platinum tetraamine nitrate
(Pt(NH3)4(NO3)2) and 250.0 grams of distilled water. The platinum and

- barium and potassium exchanged L zeolite extrudates were dried at 120°C for

-+ 30 a period of 16 hours, crushed, and sized to 12 to 20 mesh (U. S. Sieve
' Series). The catalyst was designated as Catalyst 4. B

- EXAMPLE § _
- A comparison paraffin dehydrogenation catalyst similar to that disclosed -
35  in U. S. Patent No. 4,438,288 to Imai et al. (i.e. platinum, tin, and alkali or
- alkaline earth metals on an alumina support) was prepared for comparison
with the dehydrogenation catalyst in accordance with the present invention.
The comparison catalyst compriséd about 96.80 percent by weight of an-



accordance with the present invention. The dehydrogenation

cat al yst red froma conmerci al pot assi um exchanged L zeolite
nol ecul ar@%@@%monent (ELZ-L) obtai ned from Uni OR, SBT/fes9
Cor-poration. The conposition of the comercial 15 potassium exchanged L
zeolite nol ecul ar sieve expressed in ternd6of rml e ‘rati os was
represented as foll ows:

(0.9-1.3)K[err]O A [err]:(5.2-6.9) Sierr]: g Herr]0 20 Lzeollte
Its properti ediumingl SHEDMdBEGpr%‘!}aMaWﬁ!QN @ « 1.280cparaent. sy weight of

Pat ent No. Sm(‘hﬂa%omw ,@bﬁﬁ weig htvdflﬂa"ﬂﬁ\ﬁ been. |ncorporat ed by

ref erence. dro en .on cata repar.ed |
i nci pi ent wet ness T I]Wﬁ Q%%ﬁ '@ﬁt YR PB'FefdbS &@Pﬂhmﬁéﬁged
L zeolite nol lemnbgmatkﬂn ofsTR0 gramistdt Versab450 Mmmapmmuiaa:tgredﬂfbﬁ Lafoens of

S e i Sor premideé R i SRR 2 28feri o OIP2 i Bpinenl
air at 1000[62(@%7%1 5i2) arrd 3410 grams of ﬁdlﬁ@neThEQ:am @F‘Z&;ﬁf\%ﬁd c&abmlaae
was i nmpregnatwgs dried and cadicingd tin \afrt cF000°F for iacsérudiors hy Thaeditined
(P (R er ) (RBOSRHP cY  Braindy s 8GERAR diing MdbiBhCwemmess taenoiaues
and - zi nowithpa cgoltition  containinge 0:31 cgrams of platinum detradminel BiTrale .
grams of yphe (Pt(NHgmn@ hh&”% rﬁmseéfwtheaow 69! oo at%gn% finEHS

|
TNk i st e o e e
m nut es. The with ausalutiars contaiming (3. B@rarﬁEQ{fesadrﬁnfcarb&ﬁaﬂemm& 5010 grdms otd

air oven, ¢ 0k RS THE Y, Cbétﬁn{rﬁ %Rq%afbm impredriated abirikE wild bifidd

The cat aI yst esl ghat e
PCT/ US95/ 082&and 33.0 grams of the part:cu!a @ mixed with 17.0 grams of distilled water and

EXAMVPLE 2§ compacted iflo @ IRA" péets. pmf pelibts Wore! drite) dnishad: 2indl 8ighd to

wih Che dehif %ygémes?h&eﬁame# ). Z"heae%*%iaﬁ ed Yaton 3 Gabhet "

i nvention. THe conparison catalyst conprised 5 . about 55.20 percent by

wei ght of an L zeolite mol ecul ar* si eve, 36.80 percent . by weight of a
silica binder, 7.70 percent by weight Si ur'n ahd about 0. 30
percent by weight of platinum E%WL?%

20 A feedstock containing 99.5 weight parcent isobutane was

.dehydrogenated. over dehydrogenation Catalysts 1 - 5 from Examples 1 - 5.
All catalysts were tested using a quartz bench-top reactor unit having a quartz
tube reactor containing a packed bed. Operation was downflow with once-
- through hydrocarbon flow. Catalysts of 12 to 20 mesh size (U.S. Sieve Series)
25 were used for testing ‘and the cataiysts were positioned between a top and
bottom bed of 30 to 50 mesh size (U.S. Sieve Series) alpha alumina. All
- -catalysts were activated by heating under a hydrogen fiow from room
temperature to 900°F at a heating rate of 55°F/hour, held for 2 hours at 900°F,
and then heated to 1000°F under a nitrogen purge. The isobutane feedstock
‘30 was processed through the quartz bench-top unit at varied experimental run
lengths. All dehydrogenation reactions were conducted at a-pressure of less’
than 1 psig. Gaseous products were analyzed on a Carle Refinery Gas
Analyzer gas chromatograph. _
The Catalyst testing conditions, product composition, and performance
35  criteria in terms of isobutane conversion, isobutylene selectivity, and
| isobutylene yield (defined hereabove) were determined for ascending time on
stream. The dehydrogenatlon resuits for Catalysts 1 - 5 are set fonh in Tables
"1-5, :



The dehydrogenation catal yst was prepared by incipient wetness

i npregnat i wosgordds. 1 grans of a potassiumexchanged L zeol i per/ggbsgssdser 10

sieve with a solution containing 0.15 grans of platinumtetraam ne nitrate

(Pt(NH err](NdJerr]) and 14.0 grams of dist)hl ed -wat-er. The platinum

i mpregnated L zeolite nolecul ar sieve was dried and 15.0 grans of the dried
particulate mxed with 10:0: grans of CAB-O-SIL EH-5 silica and 124.0 grans

of distilled water Deagtivation rats fon@dialystset - S4n tarms of conversiontigssiper day

m nutes. The 15,..9i = AL Pty -
air oven, cr usE’é&?“?!\déﬂﬁ‘ms??{z’e°3‘j?§‘;°1'§59’%ﬁ%8} Ee'fg%?:(sﬁ%dgmslgfe\t/ﬂg %O?P%?g
The catal yst wiiPldigataprasentesin Tables}i-R.y Ihe siope of the line was caliculated from
EXAMPLE 3 20 the regredsediiinerdfor @a6h o Caftalystsden g dindge paesemted it Tiabiote as thd ar

nstead or & pobieant ohid oIS Bel B MidldH SledvAlRS PRV

support was prepared for conparison with the dehydrogenati on catal yst
in accordance with the present i nvention. The conparison catal yst

- conprised about 95.90 percent by weight 25 of an alum na support, 2.00
percent by weight of sodium 1.80 percent by wei ght of zinc, and about
0. 30 percent by weight of platinum ' The dehydrogenati on catal yst
was prepared by incipient wetness i npregnation of 138.0 grans of
Versal 450 Al um na, manufactured by LaRoche Chemicals, with a solution
containing 10.1 grans of zinc acetate 30 (Zn(OOCCH err].2H err]O) and
97.0 grans of water. The zinc inpregnated al um na was dried and
calcined in air at 1000[err]F for a period of 3 hours. The - cal ci ned
particul ate (40.0 grans) was inpregnated using incipient wetness
techniques with a solution containing 0.40 grans of platinumtetraam ne
nitrate (Pt(NH err](NdJ err]) and 40.0 grans of distilled water. The

pl ati numand 35 zinc inpregnated al um na was dried and 40.0 grans of 'the

dried particul ate -mxed with 'a solution containing 2.9 grans of sodium
carbonate and 40.0 grans of distilled water. The zinc, platinum and
sodi um i npregnated al um na was dried and 30.0 grans of the particulate.
mxed with 15.0 granms of distilled WO 96/ 01238 '

PCT/ US95/ 08289 - 25 wat er
and conpacted into 2 inch pellets. The pellets were dried, crushed, and



P4

’

sized to 12 to 20 mesh (U. -S. Sieve Series)

.- S. . The catal yst was desi gnated as
" Cat al ySt 3. 5 EXAMPLE 4’CT,US95/08289 A
par af f i n WRPH2Z¥yenat i on catal yst sinilar Catalyst 1 but containing

bariumin place of the zinc was prepared 2 conparison with the
dehydrogenation catalyst in accordance with the present

énventl on, T&heﬁ '
conparison catal ygt cogprised aboq; 58..47¢,pe:rcsnf§ geiyhy of amL lite
10 nol ecul ar si e§e °’1€b 12 percgnt; ) @lﬁhtgoz ar gil lcpagbgwder g 37 © -
percent by Wed g‘Ht ~of potas®i um - 5 65 per cent® by wei ght of barium and
about 1.29 percent ‘by wei ght of platinum The
dehydrogenation cgfalyg was prgpa,;esl, dol rostws;&tge g a Py @Jaﬁtl ty
of a bariumand pg a@sigim exchapgell B ofi t@ aT

r; sewas $5o accor’rgl i&Sh@d by
refluxi ng 200 grams of *pot assi uM exchanged L zeolite (as

descri bed |n
Exanple 1) with 100 grams of bariumnitrate dlssolved i n 600 Jra

ng O
~dei oni zed water. I&flhux-t ng was gpndugteg F A & eRatSIre & 90[ePr ]"C N

for a period of 3310&r§ The bagg us andspet asshu ekch‘-angecPL zeoP t® Was
filtered, dried, and réslurried with 600 grams of deionized water and
refluxed 20 for 1 hour. The washed barium andﬁgq{,asm umwexghangeed le
zéolite was fg| pered, dri e@ @ R0ge =R

©
rNa E f 16 go s and
cal cined at 500[er@] & fpr a ® per iepdeoe 22heur@. oTHe rPum an® & ©

pot assi um exchanged L zeolite was m xed w th 50 grams of CAB—OSI L
EH5 silica and 1000 grams of distilled wat er

[
The mixture was figtered, extru d2i 1§ 031/ 6i ri"gh"zg 'Ex at es cﬁ% gl e‘
at 120[err]C for #petild of 16 &odr £ Ph& et Rid®d DaPi G

pot assi um exchanged L zeolite was then inpregnated by incipient

wet ness techniques with 6.88 gr ags of . p! atg,np,m,];egraanbn netrate® 8
(Pt(NHerr] (N err )oanﬁ 250. 0. am;cafc.dl%tf‘! ,wv@g hg platlcnug@d
bari um and pot assi #8m™ex@hanged LNZ&)I‘F‘t? et Fudat & were Yried at 92 [err]C
for 30 a period of 16 hours, crushed, and sized to 12 to 20 mesh (U. S'°
Si eve Series), The ocat aI yStewas .des.l gpakedeay Cgtg}stm @’ =
EXAVMPLE 5 %gorrparlsoﬁ r3f 8 redghy@r Quesad dqp eat al y@ 9 Bl ar
to that dis osed§5 iU S Pdtent No. 4,438, 288to lmai et al. (i.e.
platinum t&h, and al kali or al kaline earth E{etals o g aluning o
- support) waps prepaged fg,r conpar@sed ¢ g lr;_h gh o@hﬁjmg ati onmc& adyst
in accordance withS g gresent i avédtSoig §1 & &h@ comenrRsen cat aRy#t 8
conpri sed about 96780 percent by™wei ght of an
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PCT/ US95/ 082896/01238 um na
support, 1.80 percent by wei ght of sodium 1.20 percent by CTI[ﬁ%IO?Z%L

tin, and about 0.30 percent by weight of platinum The

dehydr ogenation catalyst was prepared by incipient wetness

inmpregnation of 70.0 grans of Versal 45094 um na, manufactured by LaRoche
5 Chemicals, with a solution containing 2.3 grams of tin (I1)

2- et hyl hexanoate (Sn(oocC err]H err]) and 37.0 granms of n-hexane. The
tin inpregnated al um na was dried and calcined in air at 1000F for a
period of- 3 hours. The cal cined particul ate (51.4 granms) was

i npregnat ed using incipient wetness techni ques with a solution

containing 0.31 grans of platinumtetraamne nitrate 10

(Pt(NH err](NdJ err]) and 50.0 grans of distilled water. The pl atinum and
tin I mpregnat gd Gl @ na vvasaadlg e‘g gwdQSGz Oag%m: af :ﬁha drie
particulate mxed S o with a somuuoa e_-pr&,au”nag g q;a.mseof sodubum ey
carbonate and 50.0 grans of distilled water. The tin, platinum “and
sodi um i npregnated al um na was dried and 33.0 grans of t he
particulate mxed with 17.0 grans of distilled water and 15 conpacted into
2 inch pellets. The_pellets were drle crushed, apd sized to 1%to
20 mesh (U. S. Si evg Rr ges). Thesc® By d B Bsyr2i & [sScatal yat S S
5. N & S HRVPLEER® S @ S A fealsBOR
containing 99.5 wei ght percent i sobut ane was dehydr ogenat ed over
dehydrogenation Catalysts 1 - 5 from Exanples 1 - 5. Al'l catal ysts
were tested using a quartz bench-top reactor unit having a quartz t ube
react or contai ning 8 Racked bed. &Pey adi an 308 dgvvglowdm.;hconce- 22w

t hrough hydr ocar bon3f lbves Catal ysBsDIZ1EtZ & Jesh 5i e IUSS. Sialey o
Series) 25 were used for testing and the catal ystS were posi Fti oned” b ween
a top and bottom bed of 30 to 50 nesh size (U S. Sieve Series) alpha
alum na. AN catal ysts were activated by heating under a hydrogen fl ow
fromroom 4 terrperature to 900[err]F at a heating rate of 55[err]F/ hour,
held for 2 hBurs at@9edFe arly & B 13 ngﬁog Bd® a ni rcge%
purge. The ilobutan® feelist ock 308 whsSpRo@ssedt & Wyl tdesquart 2 o

6E96
64

bench-top unit at varied experinental run I engths. Al dehydr ogenat| on
reactions were conducted at a pressure of I|ess than 1 psig. Gaseous
products were anal yzed on a Carle Refinery Gas Anal yzer gas
chr omat ogr aph. The Catgl y-;st.,test,gnq, c,ondq tl ORS, cpgoduct o o ©
conposi tion, and peSfQ.;nance 35 gruegla ,.pf“ b.utgne confepsidn,
i sobutyl ene selectiVity, and i Sobut yl ene y| el b (de I féd her ealfdvd) ~
were determ ned for ascending tinme on stream The dehydrogenati on
results for Catalysts 1 - 5 are set forth in Tables
| 2o w c8gse58823Rg g
a % o 2 Nccocdo0c Yo 8o T S
s _  § .
S A e 8 & s = =
3. . =232 3 LEER
el ¥ s g | e = 3 23 %
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each of -Catalysts 1 -

initial

Catalysts 1 - 5 in terns of conversF%HZF%%gn%Er day
the'regres&éh line for

wer e cal cul ated based on devel opnent of a regression line of the
yield data presented in_Tables 1 - 5. The sl ope of the

Deacti vation rates for
| i ne was cal cul ated from

PCT/ US95/ @%@ 301238

WD 96/ 01238
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Catalyst 1, in accordance with t he present i nvention and conpﬁrm ng

plati numand zinc on a support conprising potggsi um exchanged L zeolite
and silica, provided superior isobutane conversion (40%, isobutylene
selectivity (95+%, and isobutylene yields (38% at a reaction tenperature

f 5 b 1000 d of b
convarston T ons. RERETEIN gREPIHANG Wt 58 RiPRERL Thenbion 9h¢ ORRREN
rel ativel'y conspiatinum and ziaewr iangupporacomyprising lpatassjural elxchahgmjl brzewlite
about 0.4 perceﬁhdcgﬂ’éﬁr S#l‘&@l&ébessutpenorp?srob‘éﬁﬂne conversion_ AQG‘YE} §5b3rylé9ne

corrparl son catalyst CO

num on a
pot assi um exchaﬁg@@“!“t E/1%) M'WM%“%N@'%é%l@) aha &Qﬂ%"ﬁf‘empef&iﬂfﬁ of
Catal yst 1, ®rogbeér10007F, aDvenatigetiod 60148.8Mours ovicstriam, isdBdtanbWonversion

substant al1y | Wrebuﬁg#aﬁéﬁ&ewﬁ Fayite splnchivty Mool sy, canstar,
i sobut ane yi el dresultinglinoam isbbatyiens yieilpraduction of @beutdet percgnt conearsien loss

| sobutyl ene selgg} bty 15 and resultlng in an isobutylene yield of |ess
than 9% w thin period of only hours on stream The isobutylene

yi el d deactivation r&atalyst 2ca Q‘PW"Q"" catalyst compsising: platinum qn @ skRRen
run | ength, wvas cofpriSingepotaskiuny exchanged Lozeoliterand silicaland absent the zinc of

'Catalyst 1, provided similar initial isobutane conversion (41%) but
substantially lower lsobutylene se!ectiv:ty (40%) than Catalyst 1, resulting in a
substantially lower isobutylene yield of 17%. Moreover, isobutane yield
dropped off precipitously, overwheiming increases to isobutyiene seiectivity,
15 .and resulting in an isobutylene yield of less than 9% within a period of only 6
hours on stream. The zsobutylene yield deactivation rate for Catalyst 2,
extrapolated to a full days run length was 101 .8 percent conversion loss per
day.
Catalyst 3, a comparison catalyst comprising platinum and zinc on a
20 support comprising sodium and alumina (in place of the potassium exchanged
. L zeolite support of Catalyst 1), provided slightly higher initial isobutane
conversion (42%), isobutylene selectivity (97%), and isobutylene yield (40%)
~ than Cataiyst 1 for a period of only 6.5 hours. Thereafter, isobutane
conversion dropped off precipitously, resuiting in an isobutylene deactivation
25 rate of about 5.4 percent conversion loss per day. This isobutylene yield
-deactivation rate far exceeds the deactlvatnon rate of Catalyst 1 in accordance
wuth the present invention.
Catalyst 4, a comparison catalyst comprising platinum and barium (in
: place of the zinc of Catalyst 1) on a support comprising potassium exchanged
30 L zeolite, provided poor initial and subsequent isobutane conversion (34%),
- isobutylene selectivity (34%), and isobutylene yield (12%). While the’
isobutylene selectivity improved slightly over the 3 hours on stream, the
isobutane conversion loss rate far exceeded the rate of increase in
isobutylene selectivity to where isobutylene yield was less than 8 percent. The
35 isobutylene yield deactivation rate for Catalyst 4, extrapolated to a full days run
length, was 148.9 percent conversion loss per day.
Catalyst 5, a comparison catalyst comprising platinum and tin
(substituted for the zinc of Catalyst 1) on a support comprising alumina (in-
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S

| sobut ane lon- droppe f precipi tcﬁ:%l y, resulti r?Q‘1 n an
i sobut yl ene vyi el deactivati o te of about 6 percent caqnversion
| oss per. day. Thi 3 deact i vat Fgéfr ate far efcieds t he deac?rﬂlatlon rate
of Catalyst 1 in redance t he prese i nvention.
O e e ayst cﬁﬁﬁ94  ibéd e 148.9 |
Deacti vati on, Catalyst 5 Cat al yst 1000 Tenperat urggg [err]F VWGV, hrlerr]
% Conver si on/ Day Cal yst 1000 2.9
0.4

EXAMPLE?

A dehydrcgenatlon catalyst in accordance wnth the . present invention

was regenerated for evaluation of catalyst performance after exposure of the

15 - catalyst to regeneration conditions. Atter dehydrogenating isobutane with

- Catalyst 1 for a period of 148.5 hours under the conditions set forth in Example

6, a portion of Catalyst 1 was regenerated ex-situ by placing it in an oven at

750°F under a 0.5% oxygen/99.5% nitrogen atmosphere for a period of about

72 hours. The regenerated catalyst was designated as Catalyst 6. Isobutane

20 was dehydrogenated over Catalyst 6 in a manner similar to that described in

- Example 6 for an additional 169.1 hours. The dehydrogenatnon resuits are set
fcrth in Table 7. -

1



Catal yt 2 1000

3.0 101. 8
Catal yt 3 1000 2.9 5.4 .
Catal yst 4 v_m%'oms 1000 . 7.8 | 148 RET/USIS/08289
Catal yst 5 - 1000 2.9 7.6
EXAMPLE 7 A dehydrogenation catal yst in accordance with the
present invention was regenerated for§&val uati on of catal yst
performance after exposure of the 15 catalyst to regeneration conditions.
After dehydrogenating isobutane wth Catalyst 1 for a period of 1 48.5
hours under the conditions set forth in Exanple 6, a portion of
Catal yst 1 was regenerated ex-situ by placing it in an oven at 750F
under a 0.5% oxygen/ 99.5% nitrogen atnosphere for a period of about 72

hours. The regenerated catal yst was designated as Catal yst 6. |sobutane 20
was dehydrogenated over Catalyst 6 in a manner simlar to that described in
Exanple 6 for an addition I 169. 1 hours. The dehydrogenation results are
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Exanpl e 7 and Cat alyst 6 illust rate that t he dehydrogenatr(oT{UE%ﬂog?Vst in
accordance with the present invention can catalyze dehydrogenation for a
period of in excess of 315 hours. on st r@m while still maintaining superior
5 yields of isobutylene. Additionally, talyst 6 illustrates that a
catalyst in accordance WI th the present invention can undergo a
regeneration sequence whi_ | e mai ntai ni ng_superior perfornance.

Over the i ncremenEXBmpi 71antCatalyst & jlustateothal %ﬂehwsaenatqrbnatalvst in
dehydrogenat 'a%eomrnt:srmnqae @%BhV:ﬁVdn'héhe@hﬂ laatélyiwctrewe dr@ftoﬁofora

f ft f Cat ti
foscr bed. | nPeriod ah o 3yess os318 houss op ARRL wﬁﬂgtﬁﬂfémaaﬁamm Spiperior
r egener at § onyidids lodtisobutylene. c Additiorially, Gatalyst @ éiustrataswuatvatqatalasdm
| sobutyl ene ynghrdiahBe Wi J’é%%‘ﬁtt entxonac?d;f;&négrgﬁré’%% e&vﬁ ee

148.5 hours on_stream, tFﬁere?ore cat ccor ance
present: i nv¥igJRaintainingsuRenor MAPGe-st ability 15 advantages corrpar ed
to the catal ysts Qverthepiricremantalt 169. 1phours oftoparation after regemsrativad

ot her - onboa; AePatdetidtion "BaRbRANEE, RIREY Dmiffdiod! 1He "dehydragenatian,
the art 19 orrparfcmqeaotameomem Catalxststpdummg uuta!cdamdragamnpnmsccbed)fn t he
invention di gg e‘?%i ?t'aP 16d. 1 indurd lonnstesarhhand iahed réBSﬁérfa'tlﬁﬁt ut@a

conS|dered 20

| h
i nventi on beFﬂEj"ersm"' %&'ﬁon W?tt y} ﬁpbéﬁsl‘&sy&{ﬂe P Wd%\r)é[% QSeots

37 Thirat o freishi Gatalyst treaiterst: 48 5 hours on stréam. 'Ahelrewms thd catalyst in
dehydr ogenat L ags Ry r%ﬁ{ RRg é %Q rov.aaedgﬁtr{agrénaq %téﬁth&
product conprising contacting Sal

condi ti oh® mﬁﬂva@aaeaimmg%m 1) %aaééystﬁ ot 3he, prigr aﬁnﬁatr agern&tst sm be
cat al yst corrr&%m?marmwv& mw/\ailgdmmmnnmsupmcrlmmn yields. 5. 0 vve' ght

bout 10_0 et gnt CHFEhBOfimE of the HUGAREH wil. 68 et onenf@iﬁfﬁ Peadin,
the art from a. conslderatlon of this speclficatlon or from practice of t e
"invention disclosed herein. It is ‘intended that this specification be considered
20 as exemplary only with the true scope and spirit of the invention being
indicated by the following claims.



L- zeolite nol ecul ar sieve and an al kal ||JMH"IL’““ uM !I : The process
of C aim Ilw@whesss said plati numgroup es Mﬁsggmsg

3. The process of Claim1 wherein said alkali metal conprises
pot assi um 4. - The process Claim1l wherein said support
conmponent further conpri ses an ino Zni c oxi'de matrix conpri sing

silica. 15 The - process of Caim1 wherein said dehydrogenation

5
condi tions Qm?é eﬁ?@t ion tenperature of .fromabout 500[err]F to
about * 1500[ er | E f sl reac pressure of from about vacuumto about -

500 psig, and a V\Hév of A procerssofﬂrmdrgggnwwonvdmrmn feedstock ands.
A dehydr ogenatgroduciagakys biefinierproidogt fdomphsingt cOnfabting shid 30edsieckeat to

voi gt per gen W eAbE g o EoBeBla il & b nocdfi o chaluct o o

si eve, andSf r slehydmgenetion catalysticosprising from abeut 0.00. weight garcent te aboubf
an’ al kal i5.0¥eght percent of a platinum GRsupifiersl] fEANabOGI0.021WIgRE parcef 2i M

The. denydr 33233%# 305, veign? pRr@nl 12 %ﬁ@?é Ao, &afiifent comprigpg an”
conpri ses pot aszealite molecular sieve and anTalkaliioretak ogenat i on catal yst of O aim
oxi do metrix 30 ¢ d?.h’s’?‘“" BBt T Y wietoly Yaid QTBANGA g Ao RGP ©

cat al yst d chm sai d dehydr ogenati on catal yst conpri ses

from about 0. 10 weaght ﬂ‘bacprﬁcess ofoCldim 1 whardinveaighalkaltrmetdl cmprises
pl ati num fro g%w 0. 20 wei ght percent to about 5.0 wei ght per cent
- of zinc, from abou "2!0 0 wei ght percent to about 60.0 weight 35 percent of
~an L zeolite nol ecdt ar 3’!’19\[800@%&1‘ Slaim: 1 vherain gaid Wmmmmﬁnher

' 8.0 vei ght percopiprisB8 lapsinbiyanicBdb Mstixmpriding sligaabout 60. 0 wei ght
- percent ofgsilica. g o process of Claim 1 wherein said dehydrogenation conditions
comprise a reaction temperature of from about 500°F to about 1500°F, a
reaction pressure of from about vacuum to about 500 psig, and a WHSYV of
from about 0.1 to about 100.0.
6. A dehydrogenation catalyst comprising from about 0.01 weight
20 percent to about 5.0 weight percent of a platinum group metal, from about 0.02
weight percent to about 10.0 weight percent of zinc, an L zeolite molecular
sieve, and from about 0.10 weight percent to about 10.0 weight percent of an
alkali metal. -
7.  The dehydrogenation catalyst of Claim 6 wherein said platinum
25 group metal comprises platinum. - :
8. The dehydrogenation catalyst of Claim 6 wherein said alkali
metal comprises potassium.
9. The dehydrogenation catalyst of Claim 6 wherein said
dehydrogenation catalyst further comprises an inorganic oxide matrix
30 comprising silica.
10. The dehydrogenation catalyst of Claim 6 wherein said
dehydrogenation catalyst comprises from about 0.10 weight percent to about
2.0 weight percent of platinum, from about 0.20 weight percent to about 5.0
weight percent of zinc, from about 40.0 weight percent to about 60.0 weight
35 percent of an L zeolite molecuiar sieve, from about 0.5 weight percent to about
8.0 weight percent potassium, and from about 40.0 to about 60.0 weight
percent of silica.



